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STUDDED TIRE PAVEMENT WEAR REDUCTION AND REPAIR - PHASE III
SUMMARY OF RESULTS

INTRODUCTION

This project, entitled "Studded Tire Pavement Wear Reduction and Re-
pair" and designated Y-1439, was initiated by the Transportation Systems
Section of the College of Engineering Research Division, Washington State
University, and is financed by the Washington State Highway Commission,
Department of Highways; by the U.S. Department of Transportation, Federal
Highway Administration, as an HPR federal aid research project; and by the
Idaho Department of Highways.

The project was divided into three phases: Phase I involved different
types of pavements and surface textures; Phase II involved different types
of overlays and surfacings; and Phase III involved complete regression anal-
yses of the data, interpretations and discussions of the results of the
analyses, comparison of the results with other research, correlations of
the results to existing Washington State Department of Highways déta, and
extrapolation of the results for use in predicting pavement life due to
the effects of tire studs.

Phase I started on October 1, 1971 with the construction of Experimental
Ring No. 5 at the G.A. Riedesel Pavement Testing Facility at Washington
State University. The traffic simulator was operated and test measurements
were made during the period February 11, 1972 - May 4, 1972. The data
obtained during this period is displayed and discussed in the final Phase

I report dated December 30, 1972.
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Phase II started on August 8, 1972 with the construction of Experimental
Ring No. 6 at the test track. The testing period was from November 20, 1972
to May 1, 1973. The final report for Phase II was dated August 15, 1973.
The contents of this present report are founded on the experimental
data collected during both Phase I and Phase Il of the project. This
present report exhibits the objectives of Phase III of the project and

constitutes the Final Report for Project Y-1439.

DESCRIPTION OF THE TRAFFIC SIMULATOR

The traffic simulator at the G.A. Riedesel Pavement Testing Facility
is a truss with three legs, each leg supported by a set of dual truck tires.
The Tegs are attached to and support a water tank at the center of the ap-
paratus. A 60 hp electric motor on each leg provides the power to move the
simulator on a circular path. A mechanism built into the apparatus produces
an eccentric rotation so that the simulator has radial movement across each
wheel path.

Passenger tires may be mounted on the three legs in various positions
to provide separate test wheel paths. For this project, four separate wheel
paths outside of the dual truck tires and two separate wheel paths inside of
the dual truck tires were used. One tire traveled in each of the four out-
side wheel paths, while three tires traveled in each of the inside wheel
paths. A total of 16 tires were mounted on the simulator for each of the
two experimental rings. Each passenger car tire carried a 1000 1b load
which was applied through an air load cell, and each set of dual truck tires
carried 6,600 1bs. A hydraulic braking system was installed on the simulator
for use on the inside tires in Ring No. 5, but continual operational problems

with the system precluded its use.
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DESCRIPTION OF THE PAVEMENT TEST FACILITY

a) Experimental Ring No. 5

Experimental Ring No. 5 consisted of three concentric rings or tracks.
The center track was 3.0 feet wide and was that portion of the ring on which
the dual truck tires traveled. The outside and inside tracks, each 3.5 feet
wide, were those portions of the ring on which the outside and inside passenger
tires traveled, respectively. The individual concentric rings consisted of
different pavement materials placed in sections with different Tongitudinal
lengths.

The pavement structure consisted of an asphalt-treated base 6 inches
thick and a 6-inch surface course composed of different pavement materials.
The center ring was constructed of reinforced portland cement concrete and
was finished with twelve different surface textures. The outside and inside
rings were constructed of various mixes of asphalt concrete and of portland
cement concrete covered with different types of overlays. Thirty-four
sections with various combinations of different pavement materials were con-
structed: 20 sections in the outside ring and 14 sections in the inside ring.
b) Experimental Ring No. 6

Experimental Ring No. 6 was constructed from the remains of Ring No. 5.
The existing pavement structure from Ring No. 5 was used as a base and was
overlaid with different materials in thicknesses varying from 3/4 to 2 inches.
The concrete pavement wheel paths were patched with various materials prior
to the placement of the overlay materials.

In this experimental ring, the overlay material was placed continuously
across the width of the roadway. Hence, the outside, center and inside

tracks were covered with the same overlay material in any particular section



of the ring. A total of 22 longitudinal sections containing different

overlay materials were placed on top of the existing pvavement structure.

PRESENTATION OF RESULTS

a) Experimental Ring No. 5

Figure 5 shows the relative effects of the various types of studs on the
materials used in the outside track. Each tire with a different stud type
traveled in a different track. Hence, each tire traveled at a slightly dif-
ferent speed. Associated with each type of stud is an average stud protrusion
length. The average tire speeds (ATS) and average stud protrusion lengths
(ASP) are given in the figure. With few exceptions, the PT stud caused the
lowest wear rate, while the CP and the CV studs alternated for the second and
third places. It is important to note the magnitudes of the wear rates for the
three different studs. The effect of the difference in the average tire speed
on the average wear rates can be assumed negligible, since the difference in
speeds is so small, but the effect of the different ASP's cannot be overlooked.
The PT stud has the smallest ASP, hence the smallest AWR's. The CP and CV
studs exhibit similar ASP's and, thus, similar AWR's. ATl of the studded
tires caused considerably higher AWR's on all of the materials than the
unstudded tires.

Figure 6 displays the AWR's for the various materials resulting from
the passage of the CP sfud. These materials were on the outside and inside
tracks of the ring. The average AWR for all of these sections for the un-
studded tire paths is given for comparative purposes. Note the differences
in ATS and ASP for the various outside track and inside track sections.

Figure 7 is similar to Figure 6 and presents the AWR's attributed to

the PT stud.
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FIGURE 5: AWR Value Comparisons for the Materials in the Outside Track in Ring No. 5.

UN 0. 004 UNF=0.009

cp 0.364 cp 0.535

PT 0.126 PT 0,281

cv 0.323 v 0.510
01BC ~ 1/2" Wirand Concrete 03A ~ Class "E" Asphalt Concrete

UNp— 0.021 UN} 0.001

cp 0.371 cp 0.435

PT 0.123 PT 0.209

cv 0.344 oV 0.527
01BD - 1/2" Wirand Concrete - 03B - Ctass "E" Asphalt Concrete w/ Gilsabind

UN}0.001 UNt 0.001

cp 0.178 cp 0.443

- 0.096 - 0.130

eVl 0.118 cv 0.425
02AC - 3" Wirand Concrete 02AA - 1" Wirand Concrete

UN - 0.008 UNf— 0.016

cp 0.163 cp 0.331

PT 0.205 PT 0.131

v 0.165 v 0.474

02BB - 1/8" Polymer Concrete

02AB ~ 1" Wirand Concrete

UN 0. 001 UN 0. 001
cp 0.44) - 0.359
bT 0.208 PT 0.170
cv 0.544 v 0.412
04B - Class "B" Asphalt Concrete w/ Gilsabind 0TBA - 1/2" Wirand Concrete
unfo.040 uN}o. 006
- 0.391 o 0.339
.17 0,112
PT Q.171 PT
oV 0.580 oy 0.41¢
05A - Class "G" Asphalt Concrete 01BB - 1/2" Wirand Concrete

UN}F—0.046 ASP (in) ATS (mph)
cp 0.657 cp .092 22.2
pT 0.219 PT .027 21.7

0.667 cy .098 21.3
cv

04A - Class "B" Asphalt Concrete
AWR - Average Wear Rate - in/10°% w.a.

UNb—~0.018 ASP - Average Stud Protrusion - in.
cp 0.463 ATS - Averaae Tire Speed - mph
PT 0.198
cv 0.809

058 - Class "G" Asphalt Concrete
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1.0.007 (Average AWR for all of these sections for UN)

0.054 (1/8" Polymer Flyash)

0.078 (1/8" Polymer Flyash)

0.084 (PCC Heavy Long. Grooving)

ASP (in)
OQutside Track .092
Inside Track .063

ATS (wph)
22,2
18.4

0.092 (1/8" Polymer Cement)

0.092 (1/8" Polymer Flyash)
tamareem———— 0,109 (PCC Heavy Long. Grooving)
0.163 (1/8" Polymer Concrete)

0.178 (3" Wirand Concrete)

-0.280 {Class "B" A.C.)

0.375 (Class

0.430

0.435

0.441
0.443

AWR - Average Wear Rate - in/]O6 w.a.

ASP - Average Stud Protrusion - in.

ATS - Average Tire Speed - mph

0.320 (Class "B" A.C.)

0.331 (1" Wirand Concrete)

0.339 (1/2" Wirand Concrete)
0.359 (1/2" Wirand Concrete)
0.364 {1/2" Wirand Concrete)
0.371 (1/2" Wirand Concrete)

"E" A.C.)

0.383 (Class "G" A.C.)
0.391 (1" Polymer Concrete)
0.391 (Class "G" A.C.)

(Class "G" A.C.)
(Class "E" A.C./Gilsabind)

(Class “B" A.C./Gilsabind)

{1" Wirand Concrete)

—0.463 (Class "G" A.C.)

0.657

FIGURE 6: AWR Values Determined for the Controlled Protrusion Stud

from Ring No. % Data.

0.535 (Class "E" A.C.

)
(Class "B" A.C.)
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—0.012 (Average AWR for all of these sections for UN)
02A(p———eeeee 0, 096 (3" Wirand Concrete)
0188 0.112 (1/2" Wirand Concrete)
01BC 0.123 (1/2" Wirand Concrete)
01BC 0.126 (1/2" Wirand Concrete)
02AA 0.130 (1" Wirand Concrete
02AB 0.131 (1" Wirand Concrete)
02BA 0.152 (1" Polymer Concrete)
01BA _ 0.170 (1/2" Wirand Concrete)
05A 0.171 (Class "G" A.C.)
058 0.198 (Class "G" A.C.)
02BB 0.205 (1/8" Polymer Concrete)
04B 0.208 (Class "B" A.C./Gilsabind)
03B 0.209 (Class "E" A.C./Gilsabind)
04A 0.219 (Class "B" A.C.)
03A ' 0.281 (Class "E" A.C.)

ASP (in) ATS (mph)
OQutside Track 027 21.7

AWR - Average Wear Rate - 1n/106 w.a.
ASP - Average Stud Protrusion - in.
ATS - Average Tire Speed - mph

FIGURE 7: AWR Values Determined for the Perma-T Gripper Stud from Ring No. 5 Data.
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Figure 8 is similar to Figure 6 and presénts the AWR's attributed to
the CV stud. Since there are different types of tires associated with this
figure, a Separate average AWR for the unstudded tire path is given for
comparison purposes within each group.

b) Experimental Ring No. 6

Figures 10, 11 and 12 display the calculated AWR's for the surfacing
group, the concrete overlay group and the asphalt overlay group, respectively.
In general the shorter the ASP, the smaller the AWR value. The differences
in the tire speeds are so small that no conclusions can be reached concerning
the effect of speed on the average wear rates.

Figures 13, 14, 15 and 16 show the different AWR's for the different
materials attributed to the CP stud, the PT stud, the CV stud and FS stud,
respectively. Note that the average AWR for all of the unstudded tires in
the respective groups is given for casual comparative purposes. It is ob-
vious from these four figures that some materials resist the effects of tire

studs more readily than others.

TRAFFIC PAINTS

Four different types of traffic striping were tested to determine their
resistance to wear from studded tires; three were paints applied with a con-
stant-thickness paint applicator and the other was a thermoplastic white tape.
The tests were made on seétions 021 (the polymer cement concrete) and 100 (the
class "G" asphalt concrete with Petroset AT). The initial measured thicknesses
of the three paint stripes averaged 22 mils, while that of the thermoplastic
white tape averaged 95 mils.

No quantitative measurements were made on the wear of the traffic stripes.

Rather, visual observations were made and the stripes were ranked according to
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FIGURE 10: AWR Value Comparisons for the SURFACINGS GROUP in Ring No. 6.

UNt 0.001 UNt 0.001

CP ——0.032 CP [——10.063

PT 0.056 PT p——0.072

CV p———0.100 cv 0.139

FS 0.129 FS 0.167
GST —N.014 GST —0.017

010 - Baux. A.E.E. Surf./High Al. C.C. 041 - Min. Slag A.E.E. Surf./PC Sand

ASP (in) ATS (mph)
) UN -—- 18.0
UN 0.006 UN | 0.004 cp .020 18.4
cp 0.038 cp 0.038 PT .017 21.7
—0.03 0.
. cv .030 21.3
il 0.052 PT—0.100 FS .029 22.2
cv 0.055 cv 0.136 GST --- 22.5
FS 0.038 FS U.162 AWR - Average Wear Rate - ﬁn/106 w.a.
GST 0. 001 GST [—0.023 ASP - Average Stud Protrusion - in.
ATS - Average Tire Speed - mph
042 - Garn. A.E.E. Surf./PC Sand 043 - Baux. A.E.E. Surf./iC Sand

See Table 6 for Stud Types.

UN F0. 003 ' UN F—0.022

P ——0.014 Cp f———— 0.085

PT f———0.083 PT ——0.046

oV —————0.102 oV 0.200
Fs 0.138 FS 0.157

GST —— 0.042 65T + 0,001

080 - Baux. ALE.E. Surf./Class "G" A.C. 110 - Idaho Chip Seal/Class "' ALC.
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FIGURE 11: AWR Comparisons for the CONCRETE OVERLAY GROUP in Ring No. 6.

UN 0.001 " UN 0.001 : UN} 0.001
CP——=0.031 CA-0.012 . CP I 0.012
PTF—0.021 P}~ 0.020 PT = 0.012
CV—0.041 - 0.009 CVE~0.013
F9 0.051 F§— 0.017 FS+ 0.005

GST0.007 » GST+0.001 GST¢ 0.001
122 - Portland Cement Concrete 021 - Polymer Cement Concrete

033 - Min. Slag-Sand on Polymer Conc.

UNT 0.001 UNT 0.001 UNT  0.001
CP[™0.022 CP |—0.023 CP —0.024
PT [0.007 PT |— 0.027 PT | 0.051
CV [ 0.004 CVp—0.021 CV [——0.045
FS [0.017 , FS F—0.027 _ FS pmer—————0.,137
GST[70.007 ) GST[—0.015 GST = 0.011
022 - Polymer Wirand Concrete 023 - Garnet on Polymer Cement Concrete 034 - Rubber Sand on Polymer Conc.
ASP (in) ATS (mph)
UN[0.002 UN}0.001 UN - ©18.0
R ok 0.007 . cp .020 18.4
CP["0.008 . PT .017 21.7
PT0.009 PT—0.043 cv .030 21.3
CVi 0.001 cVr—0.017 FS .029 22.2
GST --- 22.5
FS 0.006 FS+~—0.030
GST}0.001 6ST0.001 AR - Average Wear Rate - in/10° w.a.
ASP - Average Stud Protrusion - in.
ATS - Average Tire Speed - mph

031 - Polymer Concrete 032 - Garnet on Polymer Concrete See Table 6 for Stud Types.



FIGURE 12:

UN

0.001
0.299

cpP

0.195

PT

cv

0.298

FS

6ST f————0.081

UN b

061 - Class "D" Asphalt Concrete

0.002
0.198

cP

PT be——————o———0.125

0.329

cv

0.478

FS

GST p—— 0.033

090 - Class "G" Asphalt Concrete

UN0.008

cp

0.183

PT

0.146
0.368

cv

—0.462

FS

GST—0.025

100 - Class "G" Asphalt Concrete/Petroset AT

ANR Value Comparisons for the ASPHALT OVERLAY GROUP in Ring No. 6.

0.571

UN (0.008 UN +-0.008

CP 0.122 CP fmr—— (.088

PT ——————————0.099 PT p————— 0.085

cv 0.280 CV p———————0.120

FS 0.30 FS 0.132
GST p— 0,027 GST ~ 0.010

070 - Class “G" Asphalt Concrete/Pliopave 121 ~ Class "B" Asphalt Concrete

UN }0.007 UN 1 0.001

cP 0.158 CP p—————0.054

PT f———(.084

cv 0.157
FS 0.212
GST £~ 0.009

080 - Class “"G" A.E.E. Concrete

UN ~ 0.006
cp

PT [———10.053

¥ f——————0.09¢

FS prm———-0. 098

GST (— 0.026

123 - Mastic Asphalt

PT 00, 121

cv

0.326

FS

0.509

ASP (in) ATS (mph)
UN ~- 18.0
cp .020 18.4
PT .017 21.7
cv .030 21.3
FS .029 22.2
GST ~a- 22.5

AWR - Average Wear Rate - in/106 w.a.
ASP -~ Average Stud Protrusion - in.
ATS - Average Tire Speed - mph

GST —0.019

062 - Class “D" Asphalt Concrete/Petroset AT

1.025
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FIGURE 13: AWR Values Determined for the Controlled Protrusion Stud
from Ring No. 6 Data.

. 0.007 (Average AWR for all UN in SURFACINGS GROUP)
010~ 0.032 (Baux. A.E.E. Surf./High Al. C.C.)
042——0.038 (Garn. A.E.E. Surf./PC Sand)

043—— 0.038 (Baux. A.E.E. Surf./ PC Sand)
050—— 0.046 (Baux. A.E.E. Surf./Class "G" A.C.)
041p——— 0.063 (Min. Slag A.E.E. Surf./PC Sand)

110p——0.085 (Idaho Chip Seal/Class "B" A.C.)

+0.001 (Average AWR for all UN in CONCRETE OVERLAY GROUP)
032F0.007 (Garn. on Poly. Cement Concrete)

031F0.008 (Polymer Concrete)

021 0.012 (Polymer Cement Concrete)

0331 0.012 (Min. Slag-Sand on Polymer Conc.)

022— 0.022 (Polymer Wirand Conc.)

023F—0.023 (Garn. on Polymer Cement Conc.)

034F—0.024 (Rubber Sand on Polymer Conc.)

122} 0.031 (Portland Cement Concrete)

- 0.004 (Average AWR\for all UN in ASPHALT OVERLAY GROUP)
123 p—— 0.054 (Mastic Asphalt)
121 p————o 0.088 (Class "B" Asphalt Concrete)

070 0.122 (Class'G" A.C./Pliopave)

080 0.158 (Class "G" A.E.E. Concrete)

100 0.183 (Class "G" A.C./Petroset AT)
090 0.198 (Class "G" A.C.)

061 0.299 (Class "D" A.C.)

062 0.326 (Class "D" A.C./Petroset AT)
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FIGURE 14: AWR Values Determined for the Perma-T Gripper Stud
from Ring No. 6 Data.

| 0.007 (Average AWR for all UN in SURFACINGS GROUP)
110—— 0.046 (Idaho Chip Seal/Class "B" A.C.) |

042 0.052 (Garnet A.E.E. Surf./PC Sand)

010 0.056 (Baux. A.E.E. Surf./High Al. C.C.)

041 f————0.072 (Min. Slag A.E.E. Surf./PC Sand)

050 j————0.083 (Baux. A.E.E. Surf./Class "G" A.C.)
043 0.100 (Baux. A.E.E. Surf./PC Sand)

0.001 (Average AWR for all UN in CONCRETE OVERLAY GROUP)
022} 0.007 (Polymer Wirand Concrete)

031 0.009 (Polymer-Concrete)

033 0.012 (Min. Slag-Sand on Polymer Conc.)

021F—0.020 (Polymer Cement Concrete)

122 0.021 (Portland Cement Concrete)

023}—0.027 {Garnet on Polymer Cement Conc.)

032}——0.043 (Garnet on Polymer Concrete)

034———0.051 (Rubber Sand on Polymer Conc.)

0.004 (Average AWR for all UN in ASPHALT OVERLAY GROUP)

123 0.053 (Mastic Asphalt)

080}——————0.084 (Class "G" A.E.E. Concrete)

12} fp————0.085 (Class "B" A.C.)

070 0.099 (Class "G" A.C./Pliopave)

062 0.121 (Class "D" A.C./Petroset Af)
090 0.125 (Class "G" A.C.)

100 0.146 (Class "G" A.C./Petroset AT)

061 0.195 (Class "D" A.C.)




042
010
050

XX11i
FIGURE 15: AWR Values Determined for the Conventional Stud
from Ring No. 6 Data.
- 0.007 (Average AWR for all UN in SURFACINGS GROUP)

0.055 (Garnet A.E.E. Surf./PC Sand)

0.100 (Baux. A.E.E. Surf./High Al. C.C.)
0.102 (Baux. A.E.E. Surf./Class "G" A.C.)

043

0.136 (Baux. A.E.E. Surf./PC Sand)
-0.739 (Min. Slag A.E.E. Surf./PC Sand)

041

0.200 (Idaho Chip Seal/Class "G" A.C.)

110

L0.001 (Average AWR for all UN in CONCRETE OVERLAY GROUP)

03110.001 (Polymer Concrete)

022+ 0.004 (Polymer Wirand Concrete)

021}~0.009 (Polymer Cement Concrete)

S~ 0.013 (Min. Slag-Sand on Polymer Conc.)

032+—0.017 ({Garnet on Polymer Conc.)

Gp— 0.021 (Garnet on Polymer Cement Conc.)

——0.041 {Portland Cement Concrete)

0.045 {Rubber Sand on Polymer Conc.)

123

F 0.004 (Average AWR for all UN in ASPHALT OVERLAY GROUP)

0.094 (Mastic Asphalt)

121

0.120 (Class "B" A.C.)
0.157 (Class "G" A.E.E. Concrete)

080
070
090
100
062
061

0.280 (Class "G" A.C./Pliopave)

0.329 (Class "G" A.C.)

0.368 (Class "G" A.C./Petraset AT)

0.509 (Class:"D" A.C. / Petroset AT)
’ 0.571 (Class "D" A.C.)
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010
050

110
043
041

033
031
021
022
023
032
122
034

123
121
080
061
070
100
090
062

xxXiii
FIGURE 16: AWR Values Determined for the Finnish Stud
from Ring No. 6 Data.

~0.007 (Average AWR for all UN in SURFACINGS GROUP)

0.098 (Garnet A.E.E. Surf./PC Sand)

0.129 (Baux. A.E.E. Surf./High Al. C.C.)

0.138 (Baux. A.E.E. Surf./Class "G" A.C.)

0.157 (Idaho Chip Seal/Class "B" A.C.)
0.162 (Baux. A.E.E. Surf./PC Sand)

0.167 (Min. Slag A.E.E. Surf./PC Sand)

+ 0.001 (Average AWR for all UN in CONCRETE OVERLAY GROUP)

~0.005 (Min. Slag-Sand on Polymer Conc.)
~0.006 (Polymer Concrete)

—0.017 (Polymer Cement Concrete)

—0.017 (Polymer Wirand Concrete)

— 0.027 (Garnet on Polymer Cement Conc.)

——0.030 (Garnet on Polymer Concrete)

0.051 (Portland Cement Concrete)

0.138 (Rubber Sand on Polymer Conc.)

-0.004 (Average AWR for all UN in ASPHALT OVERLAY GROUP)
0.098 (Mastic Asphalt)

0.132 (Class "B" A.C.)

0.212 (Class "G" A.E.E. Concrete)
0.298 (Class D" A.C.)

0.462

0.478

0.301 (Class "G" A.C./Pliopave)

(Class "G" A.C./Petroset AT)
(Class "G" A.C.)

1.024

(Class "D" A.C. < etrceas

T\
]
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their appearance on the basis of whiteness and adherence. The rankings were
made on the stripes relative to the different studs; e.g., each stripe was
ranked versus the stud or tire type. The purpose of the test was to determine
which stripe would have the most resistance to the various studs and tires.
The rankings are more subjective than objective.

The thermoplastic white tape was the outstanding performer. This
material consistently showed better adherence than did the other three stripes.

The reason for the phenomenal success of the striping tape in regard to
jts resistance to wear is its thickness and its composition; it was four times
as thick as the paint stripes and it had an asphalt base. A disadvaﬁtage of
this type of stripe is the possible Tack of bond with the pavement. Thus, the
stripe may become loose, which happened during the test. Another disadvantage
js that snow plows may tear it off because of its thickness. One solution to
the latter problem may be to apply this material into pre-recessed grooves to

make it flush with the pavement.

GENERAL DISCUSSION AND RECOMMENDATIONS

A very definite conclusion which can be stated as a result of this project
is that tires with tire studs cause much higher rates of wear in pavements than
tires without tire studs.* It can also be concluded that the rate of wear
is a function of the stud protrusion length, i.e., the Tonger the stud
protrusion length, the higher the wear rate. These two conclusions may
indicate that some kind of control on the stud protrusion length could lessen
the wear effects due to studs. However, a law limiting the distance a tire

stud could protrude from the tire tread surface would be of questionable value.

* See Figures 25 and 26 which visually display the pavement wear through the
use of plaster castings of the wheel paths.
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The normal acceptable protrusion length for tire studs has been set
at 0.040 inch. Stud protrusion lengths were monitored at various intervais
throughout the test periods. For the most part, these values for each type
of tire stud had a very wide range (e.g., 0 - .120 in.) for each set of mea-
surements. Thus, unless some changes are made in the design of the tire to
insure some control on stud protrusion lengths, it would be virtually im-
possible to.stay within the law and to determine compliance with the law.

The speed with which the tires rotated was essentially constant for
each tire and the variation in tire speed from one tire to another was very
small. Thus speed was not a variable in this project. However, various re-
searchers have demonstrated the effect of the speed of studded tires on the
wear rate characteristics of various pavement materials (in general, as speed
increases, wear rate increases). Based on the implications of this research,
it could be possible to lessen the effects of tire studs on wear rates by
1imiting the speed at which those cars equipped with studded tires travel.

Pavement wear resistance, particularly for asphalt concretes, is greatly
affected by temperature. It has been shown that the optimum pavement temperature
for lowest wear effects is about 32°F. Based on this information, serious
consideration should possibly be given to the modification of the existing
calendar time period established for the legal use of studded tires. Perhaps
the Tegal time period should coincide more closely with that time period which
regional weather bureau records indicate has an average daily temperature

close to 32°F.
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FIGURE 25: Pavement Wear Displayed by the Use of Plaster Castings
of the Wheel Paths. (Typical}




XXy it

FIGURE 26: Pavement Wear Displayed by the Use of Plaster Castings
~ of the Wheel Paths. ({Typical)




STUDDED TIRE PAVEMENT
WEAR REDUCTION AND REPAIR
INTRODUCTION

This project, entitled "Studded Tire Pavement Wear Reduction and Re-
pair" and designated Y-1439, was initiated by the Transportation Systems Sec-
tion of the College of Engineering Research Division, Washington State Univer-
sity and is financed by the Washington State Highway Commission, Department
of Highways; by the U.S. Department of Transportation, Federal Highway Admin-
istration, as a HPR federal aid research project; and by the Idaho Department
of Highways.

The project was divided into three phases: Phase I involved different
types of pavements and surface textures; Phase II involved different types of
overlays and surfacings; and Phase III involved complete regression analyses
of the data, interpretations and discussions of the results of the analyses,
comparison of the results with other research, correlations of the results
to existing Washington State Department of Highways data, and extrapolation
of the results for use in predicting pavement life due to the effects of tire
studs.

Phase I started on October 1, 1971 with the construction of Experimental
Ring No. 5 at the G.A. Riedesel Pavement Testing Facility at Washington State
University. The traffic simulator was operated and test measurements were
made during the period February 11, 1972 - May 4, 1972. The data obtained
during this period is displayed and discussed in the final Phase I report (])]
dated December 30, 1972.

Phase II started on August 8, 1972 with the construction of Experimental
Ring No. 6 at the test track. The testing period was from November 20, 1972
to May 1, 1973. The final report for Phase II (2) was dated August 15, 1973.

]The numbers in parentheses refer to references listed at the end of this
report.

1
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The contents of this present report are founded on the experimental
data collected during both Phase I and Phase II of the project. This
present report exhibits the objectives of Phase IIl of the project and

constitutes the Final Report for Project Y-1439.



LITERATURE SURVEY

Since their introduction in North America in the early nineteen six-
ties, studded tires have received general acceptance by the motoring public.
A serious controversy exists between the purported increased safety effects
resulting from the use of studded tires and the accelerated pavement damage
and other non-desirable side effects which are known to exist.

There are definite viewpoints concerning the safety aspects of stud-
ded tire usage, both positive and negative. Numerous reports discussing
the positive safety claims made for the use of studded tires have been pub-
1ished as well as a number of reports discussing the negative safety aspects
associated with the use of studded tires. Many of these reports have been
examined and investigated by Rosenthal, Haselton, Bird and Joseph (5). An-
other report, which covers all aspects of the studded tire controversy,
was written by Petersen & Blake (6).

The safety claims attributed to studded tires are very difficult to
quantify. It is relatively easy to measure stopping distances and maneu-
verability, but to quantify the number of accidents which may have been
avoided due to the use of studded tires is another matter. Nevertheless,
several studies have been conducted in order to evaluate the safety effec-
tiveness of studded tires with regard to accidents (5,6,9,10,11,12).
Overend (13) has attempted to present both sides of the controversy.

It is considerably easier to quantify the damage to pavements
caused by studded tires. This damage has been discussed by Petersen and
Blake (6) and in an OECD report (7). The OECD report also presents some
experiences with studded tires in several European countries.

The Ontario Department of Highways expressed concern in regard to

the economic consequences resulting from the use of studded tires (14,15,

16).
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As a result of the Ontario Department of Highways' reports, Minnesota

and other contributing states sponsored research directed toward the deter-
mination of wear effects of studded tires on different types of pavements.
The results of that research were presented in a series of reports by Speer
and Gorman (18,19,20,21). The results of this research dramatically showed
the wear effects due to studded tires.

The Washington State Highway Commission also became very concerned
about the effect of tire studs and sponsored research at Washington State
University with regard to the éffects of different types of studs on dif-
ferent types of pavements and pavement overlays using local aggregates. A
partial presentation of this research is presented in a series of reports
(1,2,3,4).

Research has also focused on the development of pavement materials
which are more resistant to wear. Work done in this area is discussed in
the OECD report (7). Smith and Schonfield (15), Fromm and Corkill (17), and
Santucci (24) have done research for the development of better wear resistant
pavements. Hode Keyser (22,23) concentrated on developing better design cri-
teria for bituminous pavements. Although the results obtained by these re-
searchers have been encouraging, high wear resistant pavements at reasonable
cost for extensive use do not appear to be feasible in the very near future.

The tire stud manufacturing companies have also been involved in re-
search with regard to the development of new types of studs which would mini-
mize pavement wear but retain their safety features. These new developments
have been reported (8,25,26). A majority of the research studies involving
tire studs has been conducted using the standard or conventional stud in use
prior to 1972. The research performed for the Minnesota Highway Department
and that for the Washington State Highway Commission incorporated several

of the new stud designs.
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The National Swedish Road and Traffic Research Institute has been very
active in research on studded tires effects using a traffic simulator. 1In
1968, they built the "Bromma Track" where automated vehicles with studded tires
could be run on different pavements on straight ways. Their results, published
in 1972, show similar rankings of the different pavements with respect to wear

on the Bromma Test Track as in the road machine (31).



DESCRIPTION OF THE TRAFFIC SIMULATOR

The traffic simulator at the G.A. Riedesel Pavement Testing Facility
is a truss with three legs, each leg supported by a set of dual truck tires.
The legs are attached to and support a water tank at the center of the ap-
paratus. A 60 hp electric motor on each leg provides the power to move the
simulator on a circular path. A mechanism built into the apparatus produces
an eccentric rotation so that the simulator has radial movement across each
wheel path. | |

Passenger tires may be mounted on the three legs in various positions
to provide separate test wheel paths.2 For this project, four separate wheel
paths outside of the dual truck tires and two separate wheel paths inside of
the dual truck tires were used. One tire traveled in each of the four out-
side wheel paths, while three tires traveled in each of the inside wheel
paths. A total of 16 tires were mounted on the simulator for each of the
two experimental rings. Each passenger care tire carried a 1000 1b load which
was applied through an air load cell, and each set of dual truck tires car-
ried 6,600 1b. A hydraulic braking system was installed on the simulator for
use on the inside tires in Ring No. 5, but continual operational problems with
the system precluded its use.

An overall view of the G.A. Riedesel Pavement Testing Facility and the
traffic simulator is given in Figure 1. A more detailed explanation of the

simulator is given in references 1 and 2.

2See Appendix A for general information on the tire arrangement.
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DESCRIPTION OF THE PAVEMENT TEST FACILITY

a) Experimental Ring No. 5

Experimental Ring No. 5 éonsisted of three concentric rings or tracks.
The center track was 3.0 feet wide and was that portion of the ring on which
the dual truck tires traveled. The outside and inside tracks, each 3.5 feet
wide, were those portions of the ring on which the outside and inside passenger
tires traveled, respectively. The individual concentric rings consisted of
different pavement materials placed in sections with different longitudinal
lengths.

The pavement structure consisted of an asphalt treated base 6 inches
thick and a 6 inch surface course composed of different pavement materials.
The center ring was constructed of reinforced portland cement concrete and
was finished with twelve different surface textures. The outside and inside
rings were constructed of various mixes of asphalt concrete and of portland
cement concrete covered with different types of overlays. Thirty-four
sections with various combinations of different pavement materials were con-
structed: 20 sections in the outside ring and 14 sections in the inside ring.
See Table 1 and Figure 2 for specific details. The design and construction
details of the pavement structure are presented in reference 1.

b) Experimental Ring No. 6

Experimental Ring No. 6 was constructed from the remains of Ring No. 5.
The existing pavement structure from Ring No. 5 was used as a base and was
overlaid with different materials in thicknesses varying from 3/4 to 2 inches.
The concrete pavement wheel paths were patched with various materials prior
to the placement of the overlay materials.

In this experimental ring, the overlay material was placed continuously
across the width of the roadway. Hence, the outside, center and inside

tracks were covered with the same overlay material in any particular section



of the ring. A total of 22 longitudinal sections containing different
overlay materials were placed on top of the existing pavement structure.
Table 2 and Figure 3 show these specific details. The design and con-

struction details of the various overlays are presented in reference 2.



DESCRIPTION OF THE PROFILOMETER

The profilometer used in measuring the contour of the roadway surface
was designed and built by engineers and engineering technicians at Wash-
ington State University. It has a crosshead scanner containing 10 fingers
which moves on a support beam along a cross-section of the roadway. The
values given by the individual fingers are averaged and this average value
is recorded by the instrument. The predicted accuracy of the measurements
made with the profilometer is +1.0% in 1.0 inch. The profilometer is shown
in Figure 4. The profilometer is discussed in greater detail in references

T and 2.
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DISCUSSION OF THE EXPERIMENTAL MEASUREMENTS

a) Pavement Rut Depth Measurements

Ring No. 5. The profile measurements on the pavement surfaces were made
with the profilometer. The profilometer was positioned over the test section,
and the crosshead scanner was moved through its length of travel. The output
from the scanner was recorded on a strip chart. Various points of the trace
on the strip chart were digitized for input to a digital computer with the use
of a Benson-Lehner Model F Decfma] Converter. The data was subsequently read
into a digital computer, and the resulting output gave the average rut depth
for the wheel paths corresponding to the appropriate number of wheel appli-
cations.3

There were no parmanent positive reference points available for the
placement of the profilometer at the various test positions. Reference points
were painted on the pavement and were used. As a result, the exact position
of the profilometer could not be achieved for each successive measurement.

In order to obtain meaningful results, each successive profile trace at any
given section had to be aligned both vertically and horizontally before rut
depth calculations could be made. This alignment adjustment was done by the
computer program by matching up selected points in the profile which were
outside of the wheel paths.

The lack of fixed reference pins for positioning the profilometer re-
sulted in a loss of accuracy for these measurements. The cross beam which
supported the scanner head sagged, which also contributed to a loss of ac-
curacy for the measurements. It is estimated that the computer results based

on the measurements made with the profilometer in Experimental Ring No. 5

had a total error of +5.0% in 1.0 inch.

3See Appendix B for a typical set of computer output.
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Ring No. 6. Modifications in the procedure for taking profile mea-

surements and modifications to the profilometer resulted in more precise
measurements in this ring. The profilometer cross beam was strengthened to
prevent sag, permanent fixed reference pins were installed 1nfthe test sections,
and the profilometer output was simultaneously recorded on a strip chart and
punched on paper tape.

The data contained on the paper tape was easily transferred to computer
cards by means of a computer program, and, hence, e]iminated one phase of
the tedious task of data reduction. The profile recorded during each suécessive
measurement was again adjusted for alignment, but the use of the reference
pins and the stiffer cross beam made this task easier and reduced computer
time considerably. It is estimated that the computer results based on the
measurements made with the profilometer in Experimental Ring No. 6 had a total
error of #1.0% in 1.0 inch.
b) Tread Depth Measurements

A conventional tread depth gauge was used to measure the tread depth
of the tires at a various times during the period of the test. It is estimated
that these measurements are accurate to *1/32 inch.
c) Tire Stud Protrusion Measurements

Tire stud protrusion measurements were made with a dial gauge at ap-
propriate intervals during the test period. It is estimated that these mea-
surements are accurate to +.001 inch.
d) Temperature Measurements

Temperature readings were obtained at various positions around the
test track by means of iron-constantan thermocouples. These readings were
automatically recorded around the clock on a 24 point multi-channel Honeywell
recorder. The accuracy of the measurements is #1° F. Ambient temperatures

were recorded at the test site by means of a Belfort Thermograph.
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e) Precipitation Measurements

No measurements at the test site were taken in regard to precipitation.
These data were obtained directly from the Palouse Conservation Field Station
of the U.S. Department of Agriculture.
) Skid Resistance Measurements

Skid resistance numbers for the various pavement surfaces were obtained
with the use of a California SKid Tester and a British Portable Skid Tester.
The latter was not available for use during the performance of test measure-
ments on Ring No. 5. It is estimated that the skid resistance numbers obtained

with the use of these two instruments are accurate to 2.
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ANALYSIS OF THE DATA

a) General Discussion

The quantity of data obtained during the conduct of this project was
enormous. In Experimental Ring No. 5, forty-six different sections were
investigated for the effects of three different types of studs, while in
Experimental Ring No. 6, twenty-two different sections and four different
types of tire studs were involved. Due to the array of pavement materials,
overlays and tire studs considered, a relatively simple way of presenting
the results had to be found. A detailed presentation of the data collected
from Experimental Ring No. 5 is given in the Phase I Report (1) for this pro-
ject, and one for Experimental Ring No. 6 is given in the Phase II Report (2)
for this project.

A sampling of the computer output data from both experimental rings
involving average rut depth (D) and the number of wheel applications (P) was
subjected to regression analyses involving four different regression equa-
tions. These regression equations were:

a. D= a, * a;P (a straight 1ine on rectangular coordinate paper)

2
a_ + a;P + a,P (a parabola on rectangular coordinate paper)

b. D o

c. D

aOPal (a straight 1ine on log-log paper)

d. D= aoealP (a straight 1ine on semi-log paper)

A regression analysis of the data using each of the four regression equations
was carried out using a Teast squares procedure. The equation given in a)
above was selected over those forms given in c) and d) because of its simple
form and good representation of the data. The parabolic form given in b)

was more representative of the data in some cases than the straight Tine
given in a), but the parabolic form was not suitable for extrapolation beyond
the Timits of the data. Hence, the straight 1ine D = a, + a;P was chosen

because of its simplicity, its representation of the data, and its desirable
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extrapolative qualities. Due to the nature of experimental measurements, the

actual form of the equation used was
D = a  + a:P £ 2S

where a, represents the ordinate intercept or initial value of D, ai represents
the slope of the straight Tine and the term 2S represents the 95% statistical
1imit for D as a function of P. If the regression line D = a, + a;P were plot-
ted through the data points and if a straight Tine parallel to the regression
Tine were plotted a distance of 2S away from and on each side of the regression
1ine, theory predicts that 95% of the data points will 1lie between thése two
boundary lines if the points are normally distributed about the regression line.
In other words, the value of D as predicted by the regression line is bounded
such that

(

The value of the standard error of estimate S can also be used as an indicator

(D -25) <D + 25).

pred. pred. Dpred.

of the fairness of the straight line representation for the data; the smaller
the value of S, the better the straight line represents the data.4
The profilometer data was analyzed by using average rut depth as a func-
tion of the number of wheel applications. Each data set started at 0 wheel ap-
plications and included all points taken up to the conclusion of the tests. The
analysis produced many regression lines with an ordinate intercept not equal to
zero and, for the sections with very 1ittle wear, gave lines with negative slopes.
For the non zero ordinate intercepts, it was concluded that these were due to
the relatively high rut depths that were developed at the beginning of the tests
and which were associated in the Phase I and Phase II reports with initial wear
rates. These lines were not adjusted to zero, since the regression line as

obtained gave a fair representation of the data at the higher number of wheel

applications, which is the more useful segment of the curve. For those Tines

4See Appendix C for an illustrative sampling of the plotting of the data.
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with negative slopes, it was concluded that the sensitivity of the recording

instrument was not sufficiently accurate to discern minute rut depths, and,
hence, these negative values should simply be interpreted as being associated
with small rut depths and the negative value should not be considered as
being critical.
b) Data From Experimental Ring No. 5

The regression analyses applied to the profilometer data give linear
regression lines from which average rut depths may be predicted, within limits,
as a function of the number of wheel applications. The coefficient of P in
these regression equations represents the slope of the straight line or the
average wear rate (AWR) for the material. The composite set of regression
1ines is presented in Table 3. The average wear rates for the individual sec-
tions and stud types have been reproduced in more convenient form in Table 4.
To further aid in displaying the results for easy interpretation, the average
wear rate values given in Table 4 are presented in the form of bar graphs in
Figures 5, 6, 7 and 8.
c) Discussion of Experimental Ring No. 5 Data®

Figure 5 shows the relative effects of the various types of studs on the
materials used in the outside track. Each tire with a different stud type
traveled in a different track. Hence, each tire traveled at a slightly dif-
ferent speed. Associated with each type of stud is an average stud protrusion
length. The average tire speeds (ATS) and average stud protrusion Tengths
(ASP) are given in the figure. With few exceptions, the PT stud caused the
Towest wear rate, while the CP and the CV studs alternated for the second and
third places. It is important to note the magnitudes of the wear rates for the
three different studs. The effect of the difference in the average tire speed
on the average wear rates can be assumed negligible, since the difference in

speeds is so small, but the effect of the different ASP's cannot be overlooked.

Ssee Appendix A for type of stud, wheel path and track correlation.
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The PT stud has the smallest ASP, hence the smallest AWR's. The CP and CV

studs exhibit similar ASP's, and, thus, similar AWR's. Al1 of the studded
tires caused considerably higher AWR's on all of the materials than the
unstudded tires.

Figure 6 displays the AWR's for the various materials resulting from
the passage of the CP stud. These materials were on the outside and inside
tracks of the ring. The average AWR for all of these sections for the un-
studded tire paths is given for comparative purposes. Note the differences
in ATS and ASP for the various outside track and inside track sections.

Figure 7 is similar to Figure 6 and presents the AWR's attributed to
the PT stud.

Figure 8 is similar to Figure 6 and presents the AWR's attributed to
the CV stud. Since there are different types of tires associated with this
figure, a separate average AWR for the unstudded tire path is given for
comparison purposes within each group.

In Experimental Ring No. 5 there were only three materials for which a
comparison could be made involving tires with the same type of stud but having
different stud protrusion lengths and moving at different speeds. This
comparison is given in Figure 9. The purpose of this comparison is to show
the effects of speed and stud protrusion lengths on wear rates. There is
jnsufficient data from this project to conclude anything definite as to the
effects of the speed of the tire on the AWR, but the results do show that
the AWR is definitely a function of the stud protrusion Tength to which the
pavement material is subjected.

d) Data From Experimental Ring No. 66
The profilometer data obtained from this experimental ring and which

relate to various overlays and surfacings were regressed in a manner identical

bsee Appendix A for type of stud, wheel path and track correlation.
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to that of the previous ring. Linear regression lines of the form

D= a, + a;P £ 25
were obtained for each wheel path at each section of the ring. A composite
listing of the equations resulting from the regression analysis is given in
Table 5. The coefficient of P or the AWR associated with the stud type and
overlay material is reproduced in more convenient form in Table 6. The in-
formation presented in Table 6 is again displayed in bar graph form for easier
interpretation in Figure 10 through Figure 16.
e) Discussion Of Experimental Ring No. 6 Data

Figures 10, 11 and 12 display the calculated AWR's for the surfacing
group, the concrete overlay group and the asphalt overlay group, respectively.
In general the shorter the ASP, the smaller the AWR value. The differences
in the tire speeds is so small that no conclusions can be reached concerning
the effect of speed on the average wear rates.

Figures 13, 14, 15 and 16 show the different AWR's for the different
materials attributed to the CP stud, the PT stud, the CV stud and FS stud,
respectively. Note that the average AWR for all of the unstudded tires in
the respective groups is given for casual comparative purposes. It is ob-
vious from these four fiqures that some materials resist the effects of tire
studs more readily than others. However, the AWR values do not tell the
entire story by themselves as there are differences in the ordinate intercept
values. That is, a material with a lower AWR may show a greater D after one
million wheel applications than a material with a higher AWR due to the dif-
ference in the ordinate intercept constants. However, for comparative purposes
throughout this report, only the calculated values of the AWR's will be used
since, for most materials, the value of the ordinate intercept was less than

.05 inch. In addition, if any'1inear regression line were used for extrapolation
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outside the finite range of given data, the z2S bound on the predicted D

more than offsets any effect due to the initial constant a,.
f) Comparison Of Data From Both Experimental Rings

To demonstrate the effect that stud protrusion length has on wear
rates, it is possible to compare the AWR's on several similar materials which
were subjected to tires moving with the same speed and with the same type of
stud but having different stud protrusion lengths. This comparison is shown
in bar graph form in Figure 171 Note the difference in AWR's for materials for
which the only dominate variable is the difference in ASP's. Note also that
in general, as the difference in the ASP's increases or decreases, the dif-
ference in the AWR's increases or decreases, correspondingly.

q) Discussion In Different ASP's For The Various Studs

The results show conclusively that the AWR for any particular material
is a function of the ASP. The various types of studs display different ASP's.
One reason for these different ASP's could be associated with the design of
the stud.

According to the manufacturer of the CP (controlled protrusion) stud,
the carbide pin is pushed back into the stud body as a result of impact forces
acting on the stud. The magnitude of the required impact force is a function
primarily of the tire stud protrusion and partially of the speed of the vehicle
(8). This means that the studs should maintain a certain protrusion Tevel
throughout their use essentially independent from the driving conditions and
the wear resistance of the carbide pin and the tire. However, the force re-
quired to move the pin is assured by driving the tire at 60 mph at least 25%
of the time. The tests performed on the WSU test track did not meet these

requirements and stud protrusion measurements yielded the following results:
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Exp. Ring Tire Speed Min SP/ Max_SP AsP®
5 22.2 mph .045" 22t 092"
5 18.4 mph .032" .099" .063"
6 18.4 mph .012" .042" .020"

According to the manufacturer of the PT (Perma-t-gripper) stud, hard
carbide chips are bonded together in a soft matrix. The soft matrix wears
down allowing the carbide chips to fall off. Thus the stud and the tire
tread wear down with the tendency for the stud protrusion to keep fair]y

uniform. Measurements on this stud yielded the following results:

Exp. Ring Tire Speed Min SP Max_SP ASP
5 21.7 mph .012" .075" .027"
6 21.7 mph .002" .085" 017"

The CV (conventional stud) is a hard carbide pin encased in a steel
jacket with no particular distinguishing characteristics ,except extensive

prior use. Measurements on this type of stud yielded the following results:

Exp. Ring Tire Speed Min SP Max SP ASP
5 21.3 mph .046" 125" .098"
5 20.0 mph .025" .064" .034"
6 21.3 mph .009" .068" - .030"

The FS (Finnstop) stud is a carbide pin encased in a plastic jacket.
The plastic jacket is claimed to dissipate the heat more readily and keep
the stud more firmly in place. Measurements on this type of stud yielded

the following results:

Exp. Rin Tire Speed Min SP Max SP’ ASP8
Exp. Ring Tire Speed Min_SP_ Max_SP Asp8
6 22.2 mph .009" .070" .029"

7 see Appendix D for a sample calculation for the SP (Stud Protrusion Length).

8 5ee Appendix D for a sample calculation for the ASP (Average Stud Protrusion
Length).
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GENERAL DISCUSSION OF RESULTS

There are various factors which contributed to the difference in the AWR's
between Ring No. 5 and Ring No. 6 as displayed in Figure 17. Some of these

factors are listed in the table below.

Factor Ring No. 5
Average Stud Protrusion Length Longer than those in Ring No. 6
Tire Stud Hardness Same as in Ring No. 6
Tire Stud Sharpness | Same as in Ring No. 6
Speed of Comparable Tires Same as in Ring No. 6
Pavement Surface Temperature Higher thaﬁ in Ring No. 6
Surface Moisture’ Same as in Ring No. 6

Each factor except tire stud hardness and tire stud sharpness is discussed
elsewhere in the report and those discussions will not be repeated here.

Knoop hardness tests were performed on the various tire studs by the
Materials Chemistry Section, Research Division, College of Engineering. ATl
tire studs tested exhibited an average Knoop Hardness number in the range
1670-1817. It was concluded on the basis of these hardness numbers that the
tire studs were all of the same general hardness category.

Before and after pictures of the tire studs are shown in Figure 18.
It should be particularly noted, that regardless of the initial shape of

the tire stud, the worn shape is essentially identical.

9Isee Appendix E.
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ANALYSIS OF SKID RESISTANCE DATA

The skid resistance data obtained with the use of the California
Skid Tester and the British Portable Skid Tester (Ring No. 6 only) were
subjected to linear regression analyses. The skid resistance number (SRN)
as a function of the number of wheel applications was obtained for each
wheel path in each section. The results of the analyses on the skid re-
sistance data are presented here in condensed form.

Tables 7, 8 and 9 contain the values of the average rate of change
in the skid resistance number for the various sections and appropriate
types of stud. Also present in these tables for comparison purposes is
the predicted value of the skid resistance number for the appropriate sec-
tion and stud type after one million wheel applications as obtained from
the regression line for the respective data.

As seen from Tables 7 and 8, every material exhibited some decrease
in its California skid resistance number with increasing wheel applications
except one: namely, the Class "B" Asphalt Concrete with Gilsabind (Section
04B) used in Ring No. 5. This material displayed an increase in its skid
resistance in all four wheel paths (3 tires with studs, one tire without
studs) in the section. A few isolated wheel paths in other sections showed
a positive rate of change in the skid resistance while other wheel paths in
the same section showed a negative change. This difference could simply
be experimental error or a result of the linear regression ana]ysis.

Table 9 developed from data obtained with the use of the British
Portable Skid Tester is presented for information only. No attempt is made
in this report to correlate the skid numbers obtained by use of the California
Skid Tester with those obtained by use of the British Portable Skid Tester
because of the incompleteness of the data and the variability of the results.

The values given in the CSRN or BSRN columns in these three tables are

indicative of the skid resistance characteristics of the material after one
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million wheel applications. The numbers have been obtained from the linear
regression lines. The negative signs on some of these values are, of course,
unrealistic, but are given simply to show how the skid resistance charac-
teristics of the various materials compare with each other.

The Washington State Department of Highways considers any pavement
with a California skid resistance number (CSRN) less than 25 to be less
than desirable in regard to maneuverability of an automobile on the pave-
ment during adverse weather cohditions. A1l but two of the materials
tested exhibited a CSRN o% 25 or more before traffic started: namely, a
Polymer concrete section (I2BA) in Ring No. 5 and a Polymer concrete sec-
tion (031) in Ring No. 6. As one can discern from Tables 7 and 8, a ma-
jority of the materials tested did not exhibit a CSRN greater than 25 after
one million wheel passes.

The AWR's obtained from the analyses of the data for Ring No. 6 are
also shown in Table 8 along with the skid resistance data. No definite con-
clusions are made from the numbers in this table, but the optimum pavement
material would exhibit the lowest rate of surface wear in conjunction with
the highest skid resistance characteristics.

The equations relating skid resistance number to the number of wheel
applications are not given in this report because of the Targe number of
equations. They are on file in the Transportation Section, College of
Engineering, Washington State University. Each equation is of the form

SRN = a, +a,P 25

0

the terms of which were described earlier in this report.
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ANALYSIS OF TREAD DEPTHS AND STUD PROTRUSION LENGTHS

The tread depth measurements and stud protrusion length measurements
taken during the test period for the two experimental rings were subjected
to the same linear regression analyses as the other data. Average rates of
change in the individual tire tread depths (ATDR) and in the stud protrusion

lengths (ASPR) were determined. These values are presented below.

TYPE OF STUD ASPR (in/10% w.a.) ATDR (in/10% w.a.)
UN ~5.730 |
cp +.170 - .13
[Ke)
s P ~.009 _ .188
> oV +.072 - .275
= cp +.136" -~ 145"
UN -2.846"
GST _15.416
FS _.148 - a7
O
s P _.057 _ .089
> oV _.156 _ 147
& * *
cp -.091 - 213
UN - 2.938"

*Average of the data for 3 tires

As one would expect, the rate of wear of the tread was much less for the
studded tires than for the unstudded tires. The GST showed the most tread
wear. This tire was a retread tire impregnated with garnet pebbles and
this process has not as yet been perfected. The value of the rank correla-

tion coefficient for these two columns of numbers indicates that there is
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insufficient data to conclude that there is an association between the ranks

of the ASPR's and those of the ATDR's,
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COMPARISON WITH OTHER STUDIES

a) The Minnesota Study

The Minnesota study (20, 21) was done in two parts by the American 0il
Company. Test conditions in the Minnesota Study were completely different than
those at the WSU Test Track. The American 0il Company Test Track is smaller
and completely indoors where the environment can be controlled. The WSU Test
Track is completely open to all elements. The test speeds were completely
different: 35 m.p.h. for the Minnesota Study versus 20 m.p.h. for the WSU
study. The temperature was kept at 25°F = 5° and the track was kept contin-
uously wet for the Minnestoa study, while these factors varied with the weather
in the WSU study. The pavements were different to some extent as far as aggre-
gates and mix designs were concerned. The pavements at WSU were built using
normal construction equipment whenever possible, while those at the American 0il
Company Test Track were built in the laboratory. The edges of the channels
worn in the pavements during testing were ground down in the Minnesota study
to avoid tire edge wear while the edges of the channels worn in the pavements
were left to develop naturally in the WSU study. Tires were changed frequently
in the Minnesota study as compared to those at the WSU Test Track. A1l these
differences in test conditions contributed to résu]ts which make direct com-
parisons difficult. The results can only be compared in a relative sense.

Two studies were done for the State of Minnesota Department of Highways:
one on the CV (conventional) stud (20) and the other on the CP (controlled
protrusion) stud (21). It is interesting to note that the AMOCO research
results show a large variation in the stud protrusion length for the CP stud
as did the WSU research results.

Tables 10 and 11 show the values of the average wear rates for the CV

and CP studs, respectively, for the Minnesota and WSU studies. The values are
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only informative in nature. Correlation between the WSU Phase I values and
the Minnesota study values is fair, but there appears to be no correlation
between the WSU Phase II values and the Minnesota study values. Apparently
the differences reflect the different conditions of the tests. The disparity
of the results between the WSU Phase II test values and the Minnesota study
values may be due for the most part to the difference in stud protrusion
lengths between the two tests.

b) Other Studies

It is difficult to compare the results obtained from the Ontario
studies (14, 15, 16) to the WSU results, because the Ontario tests were made
in the field. Rates of wear were estimated by assuming an ADT with an esti-
mated percentage of cars having‘studded tires and then adjusting these esti-
mated wear rates by factors accounting for acceleration, deceleration and
speed which were obtained from experimental curves.

Other studies have also been made. As previously stated, there are
differences in results due to speed, environmental conditions, differences
in pavement aggregates and mix, variations in types and numbers of studs,
etc. A1l these studies used some form of the CV stud. Table 12 presents
the average wear rates obtained for portland cement concrete pavement from
some of these studies. Table 13 shows the average wear rates obtained from
other studies for bituminous concrete pavements.

Many of the wear rates presented in Tables 12 and 13 were given in
inches for 100,000 wheel applications and extrapolating these values to a
million wheel applications may give exaggerated wear rates, since wear rates,
in general, start to stabilize at about 100,000 wheel applications. Some of

the wear rate values were also measured in the field.
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An interesting conclusion obtained from Tables 12 and 13 is that
deceleration increases the wear rate about three times on portland cement
concrete pavements and on bituminous concrete pavements. Areas such as
bridge ramps, toll gates and stop areas may experience these very high

accelerated wear rates from studded tire usage.
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EFFECT OF PAVEMENT TEMPERATURE ON PAVEMENT WEAR

a) General Discussion

Several researchers have noted a relationship between pavement tem-
perature and pavement wear from bituminous pavements. Tappert and Kohler
(29) in their research in Germany have stated that the most important factor
affecting pavement wear appears to be temperature and that significantly
higher values of wear are achieved on pavements at 50°F than on pavements
at 32°F. Hode Keyser (23), usfng a small traffic simulator in Montreal,
Quebec, found similar results. Hode Keyser obtained a U-shaped curve which
indicated that the wear is generally lowest near the'freezing temperature,
and the wear increases as the temperature increases or decreases. His
test results, however, were limited and showed considerable scatter.

As a secondary objective of Phase III of Project Y-1439, an attempt
was made to try to isolate the effects of pavement temperature on pavement
wear resulting from the passage of studded tires using data from Ring No. 6.
A1l the pavements in Ring No. 6 had thermocouples embedded in them. The
thermocouples were continuously monitored for environmental records and to
correlate pavement wear with pavement temperature. The temperature data was
reduced to a 24-hour average value and averaged again on a weekly basis.

The measurements for wear were taken at certain numbers of wheel applica-
tions, and an average wear rate was calculated for each interval of wheel
applications, thus including a wide range of pavement temperatures. Regres-
sion analyses relating pavement temperature and wear rates were made for two
types of pavements--the class "G" asphalt concrete (090) and the portland

cement concrete (122)--for the CP (controlled protrusion) stud.
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For the class "G" asphalt concrete section, using a sample of 22 data

points which had a wide scatter, the least squares parabolic equation is

2, 0.621

Y = 0.585 - 0.0128X + 0.0002X
where Y = average pavement wear in inches/]O6 w.a.
and X = pavement temperature in °F

The standard error of estimate on the 95% confidence level is +0.621
1'n/106 w.a. The coefficient of correlation is 0.218. This equation is plotted
in Figure 19 as curve A.

If the data points with'the widest scatter are omitted from the data
sample, the following equation, illustrated in Figure 19 as curve B, is given
by the regression analysis:

Y = 0.902 - 0.411X + 0.0006X2 +0.308
The standard error of estimate on the 95% confidence level becomes +0.308
16/106 w.a., and the coefficient of correlation is 0.739. Since the corre-
lation coefficient for the reduced data sample is closer to 1.0, curve B is
more representative of the data points than curve A. Both curves, which
are U-shaped, show that the Teast pavement wear occurs at about 35°F and
jncreases as the temperature changes in either direction. These results tend
to confirm the conclusions presented by Hode Keyser (23) and Tappert and
Kohler (29).

The reasons why pavement wear increases as pavement temperatures go
below 30°F are associated with the tire hardness and the pavement stiffness.
Tire hardness and pavement stiffness increase as temperatures decrease.

Thus, the force required to push the stud into the tire so that it is flush
with the pavement surface depends on the temperature. At these low temper-
atures, the unit pressure is higher, and, since the pavement is stiffer,
it is more brittle. Hence, the combination of higher unit pressure and

more pavement brittleness at temperatures below 30°F results in more pave-

ment wear.
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The stiffness of asphalt varies with temperature since asphalt cement
is a viscoelastic, semi-solid material with lTess cohesion at 70°F that at
Tower temperatures. Thus, as the temperature of the pavement rises, the stud
penetrates deeper and deeper into the pavement thereby displacing the aggre-
gate particles and thus, producing more wear by shear and dislodgment.

A regression analysis performed on the data points for the portland
cement concrete overlay (122) yielded an equation of the following form:

Y = 0.159 - 0.0018X + 0.232
The standard error of estimate for the 95% confidence level was +0.232 1'n/106 w.a.
and the coefficient of correlation was 0.520. The results are shown in Figure 20,
and they indicate that pavement temperature had Tittle, if any, effect on pave-
ment wear for the portland cement concrete pavement under the WSU test conditions.
b) Comparison of Surface Temperatures

Since both rings had thermocouples embedded in the pavement surfaces,
an examination of the surface temperatures for two typical pavements tested
in both rings was made to determine whether or not a difference in surface
temperatures existed.

The two types of pavement studied for surface temperatures were portland
cement concrete and class "G" asphalt concrete. These pavements were tested in
both rings and therefore could be compared.

The readings of the thermocouples were recorded automatically and con-
tinuously. This data was then reduced to 24-hour periods for the time the
apparatus was in operation. Then the surface temperature was averaged for the

entire testing period. The results are presented below.
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COMPARISON OF AVERAGE SURFACE PAVEMENT TEMPERATURES - °F

Ring No. TYPE OF PAVEMENT
PORTLAND CEMENT CONCRETE CLASS "G" ASPHALT CONCRETE
5 47.2 49.2
6 41.4 41.6

Both types of pavements in Ring No. 5 had higher surface pavement tem-
peratures than in Ring No. 6. There was about 6°F difference in surface tem-
perature for the portland cement concrete between the rings and about 8°F
difference for the class "G" asphalt concrete pavement between the rings.

The asphalt concrete also exhibited higher surface temperatures than the
portland cement concrete pavement, especially in Ring No. 5.
This temperature variation may be one of the factors causing the dif-

ferences in pavement wear between the two rings particularly in the asphalt

sections.
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GENERAL DISCUSSION AND RECOMMENDAT IONS

Figures 6 and 7 display the AWR values for the various sections in Ring
No. 5 for the Controlled Protrusion and Perma-T-Gripper Studs, respectively.
Figures 13 and 14 display the AWR values for the various sections in Ring No. 6
for the CP and PT studs, respectively.

Each of these figures depicts the effects of only one kind of stud on
various pavement materials. However, on a typical section of real highway, the
type of tire stud to which the pavement is subjected is not controlled. As a
consequence of this fact, the effects of the combined action of the CP tire
stud and the PT tire stud have been postulated. For illustrative purposes, it
is assumed that only CP and PT tire studs are available to the motoring public
and that the pavement is subjected to an equal number of wheel applications
from each type of stud. Based on these assumptions the AWR values for the CP
and PT studs were simply averaged together for both experimental rings and the
results displayed in Figures 21 and 22.

A comparison of Figures 13 and 14 with Figure 22 shows a slightly dif-
ferent order in the resistability of the various pavement materials when sub-
jected to the combined action of the studs as opposed to the action of the
individual studs. Perhaps more research should be performed using more tires
with different types of studs in the same wheel paths or possibly prohibiting
the sale of those types of studs which are associated with very high wear
rates. More extensive research could also be performed on some of the pave-
ment materials which appeared in this study to be more favorable towards re-
sisting wear than others.

A very definite conclusion which can be stated as a result of this
project is that tires with tire studs cause much higher rates of wear in

pavements than tires without tire studs.JO Tt can also be concluded that the

1Gee Figure 25 and 26 which visually display the pavement wear through the
use of plaster castings of the wheel paths.
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rate of wear is a function of the stud protrusion length, i.e., the longer
the stud protrusion length, the higher the wear rate. These two conclusions
may indicate that some kind of control on the stud protrusion length could
lessen the wear effects due to studs. However, a law limiting the distance
a tire stud could protrude from the tire tread surface would be of quéstion—
able value.

The normal acceptable protrusion Tength for tire studs has been set
at 0.040 inch. Stud protrusion lengths were monitored at various intervals
throughout the test periods. For the most part, these values for each type
of tire stud had a very wide range (e.g., 0 - .120 in.) for each set of mea-
surements. Thus, unless some changes are made in the design of the tire to
insure some control on stud protrusion lengths, it would be virtually im-
possible to stay within the Taw and to determine compliance with the law.

The speed with which the tires rotated was essentially constant for
each tire and the variation in tire speed from one tire to another was very
small. Thus speed was not a variable in this project. However, various re-
searchers have demonstrated the effect of the speed of studded tires on the
wear rate characteristics of various pavement materials (in general, as speed
increases, wear rate increases). Based on the implications of this research,
it could be possible to lessen the effects of tire studs on wear rates by
limiting the speed at which those cars equipped with studded tires travel.
In Europe, where cars may be equipped with 4 studded tires, there is a speed
1limit for these vehicles different from the speed 1imit for vehicles without
tire studs. In Switzerland, for example, cars on which there are studded
tires must carry a sign indicating studded tires so that other motorists
know why they are traveling slower. Additional research into the effect

of speed on wear rates from studded tires could also be performed.
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Pavement wear resistance, particularly for asphalt concretes, is greatly
affected by temperature. It has been shown that the optimum pavement temperature
for Towest wear effects is about 32°F. Based on this information, serious
consideration should possibly be given to the modification of the existing
calendar time period established for the legal use of studded tires. Perhaps
the legal time period should coincide more closely with that time period which
regional weather bureau records indicate has an average daily temperature

close to 32°F.
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TRAFFIC PAINTS

Four different types of traffic striping were tested to determine their
resistance to wear from studded tires; three were paints applied with a con-
stant-thickness paint applicator and the other was a thermoplastic white tape.
The tests were made on sections 021 (the polymer cement concrete) and 100 (the
class "G" asphalt concrete with Petroset AT). The initial measured thicknesses
of the three paint stripes averaged 22 mils, while that of the thermoplastic
white tape averaged 95 mils.

Kennametal, Inc., of Latrobe, Pennsylvania, supplied the paints. The
company does not manufacture paint but was interested in determining the effect
of their tire studs on the 1ife of pavement traffic striping. Table 14 shows
the brands of paint which were tested and their corresponding code numbers.

A full report on the paints is given in Reference 30.

No quantitative measurements were made on the wear of the traffic stripes.
Rather, visual observations were made and the stripes were ranked according to
their appearance on the basis of whiteness and adherence. The rankings were
made on the stripes relative to the different studs; e.g., each stripe was
ranked versus the stud or tire type. The purpose of the test was to determine
which stripe would have the most resistance to the various studs and tires.

The rankings are more subjective than objective.

The rankings are presented in Tables 15 through 22 for the polymer
cement concrete section (021) and the class "G" A.C. with Petroset AT section
(100) determined at wheel applications of 10,000; 25,000; 50,000; and 150,000+.
A series of pictures was taken but only those taken at 50,000 wheel applica-
tions are included in this report as Figures 23 and 24. These figures show

the appearance of the stripes. Rankings were based on such appearances.
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One can see from Tables 15 through 22 that striping material no. 4 was
the outstanding performer. This material consistently showed better adherence
than did the other three stripes.

The traffic striping materials performed differently on the polymer
cement concrete than on the asphalt concrete. The stripes wore off more rapidly
on the polymer cement concrete. As can be seen from Tables 15, 17, 19, and 21,
stripe no. 4 was superior to the other three stripes followed by no. 1, no. 2,
and no. 3 in that order. After 50,000 wheel applications most of these stripes
(1, 2, and 3) were worn off. The CV stud caused the most damage followed by
the FS, CP, PT, GST, UN, and UST, respectively.

The performance of the traffic striping materials on the asphalt concrete
section is indicated in Tables 16, 18, 20, and 22. The no. 4 striping was
again number one in ranking. The rankings of the remaining stripes varied with
the number of wheel applications. Stripes no. 1 and no. 3 consistently vied
for the number two ranking; stripe no. 2 was almost always ranked third or
fourth. The CV stud caused the most wear followed by types FS, PT, CP, GST,

UN, and UST, respectively.

After 150,000 wheel applications, almost all of each of the four stripes
was worn off in the polymer concrete section (021) while portions of some of
the stripes still remained in the class "G" A.C. with Petroset AT section (100).

The reason for the phenomenal success of the striping tape in regard to
its resistance to wear is its thickness and its composition; it was four times
as thick as the paint stripes and it had an asphalt base. A disadvantage of
this type of stripe is the possible Tack of bond with the pavement. Thus, the
stripe may become loose, which happened during the test. Another disadvantage
is that snow plows may tear it off because of its thickness. One solution to
the latter problem may be to apply this material into pre-recessed grooves to

make it flush with the pavement.
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APPLICATION OF RESULTS

The results pertaining to the wear rates which were obtained in the
analyses of the data collected in the performance of this project could be
used to predict the useful lifetime of various pavement materials. This
knowledge could be very valuable to persons responsible for highway maintenance
schedules and, on the basis of replacing or repairing pavement surfaces, could
be the foundation for a users' tax to those persons who want to drive with
studded tires on their cars.

The results obtained from the test track data are not directly appli-
cable to the real world. The types of modifications necessary to convert the
test track results to real world situations depend on many factors. A few of
these modifications will be used here for illustrative purposes. The modifi-
cations mentioned are in no way to be construed as all-inclusive.

Example of the use of the results of this project

Route: U.S. 195 between Pullman and Colfax (2 Tanes)
ADT: 6000 vehicles (Approximated for 1973) (3000 vehicles per lane)
AWR: For unstudded tires -- AWR = 0.008 in./10% w.a.
For studded tires -- AWR = 0.087 in./]O6 w.a. (Combined effects
of CP and PT studs)*
Pavement Material: Class "B" A.C. Overlay
Assumptions:
1) The ADT remains constant.
2) 30% of ADT have studded tires and these studded tires are on only
the two rear wheels.
3) The Tegal period for studs is Nov. 1 to March 31.
4) The maximum allowable average rut depth before routine surfacing

is required is 0.50 1in.

*
The Average Wear Rates for the CP and PT studs are used in this example because
the conventional stud (CV) is no Tonger on the market.
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5) The real highway wheel path width equals 4 times the wheel path
width on the test track.

6) The real highway wheel path wears evenly across its width.
If cars with tire studs are not permitted to travel on this segment of the
highway throughout its useful lifetime, the value in years of the useful life-
time of the pavement may be determined as follows:

AYT = 3000 X 365 = 1,095,000 cars/year/lane

In one year, each wheel path will undergo 2,190,000 w.a. Average rut depth in the

pavement per year would be equal to 2,190,000 w.a. X 0.008 in. X 1 = 0.00438 in./year

106 w.a. 4

Note: The 1/4 is the wheel path conversion ratio of the test track wheel path
width to the assumed real world wheel path width.

Hence, the useful predicted pavement lifetime = 0.50 in. = 114.2 years]]

0.00438 in./year

If cars with tire studs are permitted to travel on this segment of the
highway throughout its useful lifetime, the calculations for the useful life-
time are as follows:

In seven months: 3000 X 7/12 (365) = 638,750 cars without tire studs

In five months: 3000 X 5/12 (365) = 456,250 cars including 319,375

without studs (70%) and 136,875 with studs (30%)
Thus in one year, each wheel path will be affected by 2,053,125 unstudded tires
and 136,875 studded tires. The average rut depth per wheel path per year would

now be equal to
0.008 1 0.087 1

2,053,125 X ]06 X Z_+ 136,875 X ]06 X Z'= 0.0071 in./year

]%his 1ifetime value is based solely on pavement wear caused by studded tires.
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If a 0.50 inch rut depth is the controlling value for maintenance purposes,
something would have to be done to this pavement surface in

0.50 in. = 70.4 years]g
0.0071 in./year

Thus, tire studs on the rear wheels only for 5 months out of the year on 30 per-
cent of the cars traveling this highway section reduces the useful life of the
pavement surface from 114 to 70 years or 39 percent. This is a very simple
example, but it does demonstrate an application of the results obtained for
this project. Other modification factors could be based on a speed ratio, a
temperature ratio, a type of stud ratio, etc.

A general formula from which the useful lifetime of a pavement can be
determined has been developed by the researchers working on this project from
a procedure similar to that used in the example calculations for the studded

tires. This formula has the form

- D(R,)(10°)
(aot) {730(mur) MR )M + 152 [(AWR)T(R®T - (Aur) M (r )]}
in which
L = useful 1ifetime of the pavement
D = the maximum allowable wheel path rut depth

RW = the ratio of the wheel path width of the real highway to the test
track wheel path width

LADT = the average daily traffic volume per traffic lane

(AWR)UN = the average wear rate for the pavement material caused by un-
studded tires at the WSU Test Track
(AWR)ST = the average wear rate for the pavement material caused by

the studded tires at the WSU Test Track

]ZThis lifetime value is based solely on pavement wear caused by studded tires.
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(RS)UN = a wear rate factor for the unstudded tires caused by speeds
different than those at the WSU Test Track
(RS)ST = a wear rate factor for the studded tires caused by speeds

different than those at the WSU Test Track
P = the percent of cars with tire studs in decimal form.
The above formula has been developed for cars with tire studs on the rear wheels
only operating 5 months of the year and incorporates speed factors. Other mod-
ifications may be made as desired.
To illustrate the use of this formula, the data presented in the afore-

mentioned example will be used, i.e.,
N )T = 0.087, P = 30% = .30,

D = 0.50 in., LADT = 3000, (AWR = 0.008, (AWR

-1, and (RS)ST - 1

6
L = 0.50(4)(107) = 70.4 years

3000 {700(.008)(1) + 152(.30) [(.087)(1) - (.008)(1)]}

This lifetime is based on a tire speed of approximately 20 mph. Research indi-

cates that wear rates increase with increasing speed. The actual correlation

YN = 2 and (R )3T =

S 3,

is not known, but if it is assumed that at 50 mph (RS
the value of L = 29.2 years. As one can note, the pavement lifetime is inversely
proportional to the LADT. Thus for a section of 4 lane highway in Spokane with
an ADT = 36,000, i.e., a LADT = 9000, and the other values the same as given

above, each value of L would be reduced by a factor of 3 to 70.4 =~ 23 years and
) 3

and 29.2 ~ 10 years. There are many variables that could be incorporated in
3

the above formula and each variable used must be evaluated in a realistic way

in order to obtain valid pavement lifetimes.
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Section

OTAA
O1AB
0TAC
01BA
01BB
01BC
01BD
02AA
02AB
02AC
02BA
02BB
03A
03B
04A
04B
05A
05B
06A
06B
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TABLE 1

EXPERIMENTAL RING NO. 5
Types of Pavement Materials and Textures

A) Outside Track

Type

Polymer Concrete - 2" - Mix A

Polymer Concrete - 2" - Mix A

Polymer Concrete - 2" - Mix B

1/2" Wirand Concrete - Mix 1
1/2" Wirand Concrete - Mix 2a
1/2" Wirand Concrete - Mix 2b
1/2" Wirand Concrete - Mix 3

1" Wirand Concrete - Mix 4

1" Wirand Concrete - Mix 5
3" Wirand Concrete - Mix 6
1" Polymer Concrete - Mix C

1/8" Polymer Concrete - Mix C

Class
Class
Class
Class
Class
Class
Idaho
Idaho

"E" A.C.

"E" A.C. Gilsabind

“B" A.C.

"B" A.C. Gilsabind

"G" A.C.

"G" A.C.

Chip Seal - C1 "B" A.C.
Chip Seal - C1 "B" A.C.

Texture

Hand Troweled Finish

Hand Troweled Finish
Hand Troweled Finish

Light Transverse Brooming
Light Transverse Brooming
Light Transverse Brooming
Light Transverse Brooming
Light Transverse Brooming
Light Transverse Brooming

Plastic Grooving

Hand Troweled Finish

Hand Troweled Finish

Rolled
Rolled
Rolled
Rolled
Rolled
Rolled
Rolled
Ro1led

Finish
Finish
Finish
Finish
Finish
Finish
Finish
Finish



Section

C1A
C1B

C2A
C2B

C3A
c3B

C4A
C4B

C5A
C5B

C6A
C6B

Portland
Portland

Portland
Portland

Portland
Portland

Portland
Portiand

‘Port1and

Portland

Portland
Portland

Cement
Cement

Cement
Cement

Cement
Cement

Cement
Cement

Cement
Cement

Cement
Cement
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TABLE 1 (Cont.)

EXPERIMENTAL RING NO. 5
Types of Pavement Materials and Textures

B) Center Track

Type

Concrete-Reinforced
Concrete-Reinforced

Concrete-Reinforced
Concrete-Reinforced

Concrete-Reinforced
Concrete-Reinforced

Concrete-Reinforced
Concrete-Reinforced

Concrete-Reinforced
Concrete-Reinforced

Concrete-Reinforced
Concrete-Reinforced

Texture

Heavy Longitudinal Brooming
Light Transverse Brooming

Heavy Transverse Brooming
Burlap

Longitudinal Grooving
Light Longitudinal Brooming

Transverse Grooving
Light Transverse Brooming

Light Plastic Grooving
Light Plastic Grooving

Medium Longitudinal Brooming
Light Longitudinal Brooming
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ITA
I1B

I2AA
I2AB
I2BA
128B

I3A
138

I4A
I4B

I5A
158

I6A
168
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EXPERIMENTAL RING NO. 5
Types of Pavement Materials and Textures

C) Inside

Type

Portland Cement Concrete

Portland Cement Concrete

1/8" Polymer Cement Conc.-Mix

1/8" Polymer Cement Conc.-Mix

1/8" Polymer Cement Conc.-Mix

1/8" Polymer Cement Conc.-Mix

Class
Class

Class
Class

Class
Class

Idaho
Idaho

"E" A.C.
"E" A.C.

“B" A.C.
"B" A.C.

"G" A.C.
"G" A.C.

Chip Seal-C1 "B" A.C.
Chip Seal-C1 "B" A.C.

Track

C
D
D
C

Texture

Heavy Longitudinal Grooving
Heavy Longitudinal Grooving

Hand Troweled Finish
Hand Troweled Finish
Hand Troweled Finish
Hand Troweled Finish

Rolled Finish
Rolled Finish

Rolled Finish
Rolled Finish

Rolled Finish
Rolled Finish

Rolled Finish
Rolled Finish
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SECTION
010

021
022
023

031
032
033
034

041
042
043

050

061
062

070
080
090
100
110

121
123
122

1

1
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TABLE 2

EXPERIMENTAL RING NO. 6
Types of Overlays

TYPE OF OVERLAY

Bauxite Asphalt Extended Epoxy Surfacing/High Alumina Cement Concrete

Polymer Cement Concrete

Polymer Steel Fibrous Concrete

Garnet Surfacing’on Polymer Cement Concrete

Polymer Concrete
Garnet Surfacing on Polymer Concrete

Mineral Slag-Sand on Polymer Concrete

Rubber-Sand on Polymer Concrete

Mineral Slag Asphalt Extended Epoxy Surfacing/Portland Cement Sand Mix
Garnet Asphalt Extended Epoxy Surfacing/Portland Cement Sand Mix -
Bauxite Asphalt Extended Epoxy Surfacing/Portland Cement Sand Mix

Bauxite Asphalt Extended Epoxy Surfacing/Class "G" Asphalt Concrete

Class
Class

Class

Class

" Class

Class

- Idaho

Class

"D" Asphalt Concrete
"D" Asphalt Concrete with Petroset AT

"G" Asphalt Concrete with Pliopave

"G" Asphalt Extended Epoxy Concrete

"G" Asphalt Concrete

"G" Asphalt Concrete with Petroset AT
Chip Seal on Class "B" Asphalt Concrete

"B" Asphalt Concrete

Mastic Asphalt (Gussasphalt)
Portland Cement Concrete

Placed on outside and inside tracks only.
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FIGURE 3: Plan View of the Pavement Overlays Tested

in Ring No. 6 (Phase II).

Bauxite Agg. A.E.E./
oio High Alumina C.C. Base

021

022

023

031

032

03

w

034

041

042

043

050

061

062

070
080

090

100

110

121

123

122

A
A
W
N\
N

e
Ull

4

%

[e]e]

R

Polymer Cement Concrete
Polymer Steel Fibrous
Concrete

Poly. C.C. with Garnet
Agg. Surfacing

Polymer Concrete

Poly. C. with Garnet
Agg. Surfacing

P01¥. C. with Mineral
Slag Agg. Surfacing

Poly. C. with Rubber-Sand
Surfacing

Mineral Slag Agg. A.E.E./
P.C. Sanngagg

Garnet Agg. A.E.E./
P.C. Sand Base

Bauxite Agg. A.E.E./
P.C. Sand Base

Bauxite Agg. A.E.E./Class
"G" A.C. Base

Class "D" A.C.

Class "D" A.C. with Petro-
set AT Surface Treatment

Class "G" A.C. with
Pliopave

Class "G" A.E.E. Concrete

Class "G" A.C.

Class "G" A.C. with Petro-
set AT Treatment

Idaho Chip Seal/Class
A.C.

Class "B" A.C.

Mastic Asphalt Concrete

P.C.C. Type III
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FIGURE 4: Views of the WSU Profilometer
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SECTION

1

OTAA
01AB
01AC
O1BA
01BB
018C
01BD
02AA
02AB
02AC
02BA
02BB
03A
03B
04A
04B
05A
058
06A
06B
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TABLE

4

AVERAGE WEAR RATE VALUES
in inches per million wheel applications

Experimental Ring No. 5

A)
MATERIAL

2" Polymer Concrete .

2" Polymer Concrete

2" Polymer Concrete

172"

1/2"

1/2"

1/2"

" Wi
1" Wi
3" Wi
1" Po
1/8"

Class
Class
Class
Class
Class
Class
Idaho
Idaho

UN - Unstudded
CP - Controlled Protrusion Tire Stud
PT - Perma-T Gripper Tire Stud
CV - Conventional Tire Stud

Wirand Concrete
Wirand Concrete
Wirand Concrete
Wirand Concrete
rand Concrete
rand Concrete
rand Concrete
lymer Concrete
Polymer Concrete
"E" A.C.
"E" A.C./Gilsabind
"B" A.C.
"B" A.C./Gilsabind
"G" A.C.
"G" A.C.
Chip Seal
Chip Seal

Tire

Outside Track

O O O O O O O O O O o o o o o

UN

CP PT cv
0.359 0.170 0.412
0.339 0.112 0.416
0.364 0.126 0.323
0.371 0.123 0.344
0.443 0.130 0.425
0.331 0.131 0.474
0.178 0.096 0.118
0.391 0.152 0.001
0.163 0.205 0.165
0.535 0.281 0.510
0.435 0.209 0.527
0.657 0.219 0.667
0.441 0.208 0.544
0.391 0.172 0.580
0.463 0.198 0.809

The AWR value for any material for which the regression analysis yielded a
negative slope was arbitrarily set to 0.001.

as being indicative of a small AWR value.

This value should be interpreted



57

TABLE 4 (Cont.)

AVERAGE WEAR RATE VALUES
in inches per million wheel applications

Experimental Ring No. 5

B) Center Track

SECTION MATERIAL AND TEXTURE UN CV

C1A PCC - Heavy Long. Brooming 0.001 0.064
C1B PCC - Light Trans. Brooming 0.001 0.083
C2A PCC - Heavy Trans. Brooming 0.001 0.053
C28B PCC - Burlap 0.001 0.068
C3A PCC - Long. Grooving 0.001 0.067
C3B PCC - Light Long. Brooming 0.010 0.082
C4A PCC - Trans. Grooving 0.001 0.081
C4B PCC - Light Trans. Brooming 0.005 0.075
C5A PCC - Light Plastic Grooving 0.001 0.069
C58B PCC - Light Plastic Grooving 0.002 0.049
C6A PCC - Medium Long. Brooming 0.001 0.079
C6B PCC - Light Long. Brooming 0.001 0.066

UN - Unstudded Tire
CV - Conventional Tire Stud



SECTION

I1A
1B
I2AA
[2AB
I2BA
12BB
I3A
138
[4A
148
I5A
I5B
I6A
I6B

in inches per million wheel applications

PCC
PCC

58

TABLE 4 (Cont.)

AVERAGE WEAR RATE VALUES

Experimental Ring No. 5

C) Inside Track
MATERIAL

1/8" Polymer Cement Conc.
1/8" Polymer Flyash Conc.
1/8" Polymer Flyash Conc.
1/8" Polymer Cement Conc.

Class
Class
Class
Class
Class
Class
Idaho
Idaho

CP - Controlled
UN - Unstudded Tire

"E" A.C.
"E" A.C.
"B" A.C.
"B" A.C.
"G" A.C.
"G" A.C.
Chip Seal
Chip Seal

Protrusion Tire Stud

O O O O O O O

o O O o

O O O O O O O

o O O O
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FIGURE 5: AWR Value Comparisons for the Materials in the Outside Track in Ring No. 5.

UN (0.004 UNF— 0. 009

cp 0.364 cp 0.535

PT 0.126 T 0.281

oV 0.323 cv 0.510
01BC - 1/2" Wirand Concrete 03A - Class "E" Asphalt Concrete

UNp— 0.021 UN} 6. 001

cp 0.371 cp 0.435

PT 0.123 P 0.209

v 0.344 oV 0.527
01BD - 1/2" Wirand Concrete 03B - Class "E" Asphalt Concrete w/ Gilsabind

UN}0. 001 Ut 0.001

cp 0.178 cp 0.443

o1 0.096 bT 0.130

cv 0.118 v 0.425
02AC ~ 3" Wirand Concrete 02AA - 1" Wirand Concrete

UN}-0.008 UN|— 0.016

cp 0.163 cp 0.331

PT 0.205 PT 0.131

oy 0.165 v 0.474

02B8 ~ 1/8" Polymer Concrete

02AB - 1" Wirand Concrete

UN! 0. 001 UN (0. 001
cp 0.341 o 0. 359
pT 0.208 T 0.170
cv 0.544 oV 0.412
04B - Class "B" Asphalt Concrete w/ Gilsabind 01BA - 1/2" Wirand Concrete
UNFO0. 040 UNFO. 006
cP 0.39] cp 0.339
or 0.171 pT— 0,112
cv Q.580 cv 0.416
05A - Class "G" Asphalt Concrete 01BB - 1/2" Wirand Concrete
UNF—0.046 ASP (din) ATS (mphy
op Q.67 cP .092 22.2
pT 0,219 PT .027 21.7
o 0.667 Ccv . 098 21.3
04A - Class "B" Asphalt Concrete
P AWR - Average Wear Rate - 1’n/’l06 w.a.

ASP - Average Stud Protrusion - in.
UNt—0.018 .

ATS - Average Tire Speed - mph

0.463

CP
PT 0.198
cv _0.809

05B - Class "G" Asphalt Concrete
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.0.007 (Average AWR for all of these sections for UN)

I2BA 0.054 (1/8" Polymer Flyash) i
ASP (in) ATS (1ph)

12BB 0.078 (1/8" Polymer Flyash) outside Track 052 02
118 0.084 (PCC Heavy Long. Grooving) Inside Track .063 18.4
ToAp—————"0-0% (1/8" Palymer Cement) AWR - Average Wear Rate - in/106 W.3.
12AB———0.092 (1/8" Polymer Flyash) ASP - Average Stud Protrusion - in.
11A 0.709 (PCC Heavy Long. Grooving) ATS - Average Tire Sneed - mph
0288 0.163 (1/8" Polymer Concrete)
02AC 0.178 (3" Wirand Concrete)

14A —0.280 (Class "B" A.C.)

14B] 0.320 (Class "B" A.C.)
02AB 0.331 (1" Wirand Concrete)
01BB 0.339 (1/2" Wirand Concrete)
01BA 0.359 (1/2" Wirand Concrete)
01B( 0.364 (1/2" Wirand Concrete)
018 0.3717 (172" Wirand Concrete)

13A 0.375 (Class "E" A.C.)

158 0.383 (Class "G" A.C.)
02BA 0.391 (1" Polymer Concrete)

G5A 0.391 (Class "G" A.C.)

I5A 0.430 (Class "G" A.C.)

038 0.435 (Class "E" A.C./Gilsabind)

048! 0.441 (Class "B" A.C./Gilsabind)
02AA 0.443 (1" wirand Concrete)

05 —0.463 (Class "G" A.C.)

03A 0.535 {(Class “E" A.C.)

04N 0.657 (Class “"B" A.C.)

FIGURE 6: AWR Values Determined for the Centrolled Protyusion Stud

from Ring No. 5 Data.



61

~0.012 (Average AWR for all of these sections for UN)

02ACp—————-0.096 (3" Wirand Concrete)

01BB 0.112 " (1/2" Wirand Concrete)

01BC 0.123 (1/2" Wirand Concrete)
01BC 0.126 (1/2" Wirand Concrete)
02AA 0.130 (1" Wirand Concrete
02AB 0.131 (1" Wirand Concrete)
02BA 0.152 (1" Polymer Concrete)

01BA 0.170 (1/2" Wirand Concrete)

05A 0.171 (Class "G" A.C.)

05B 0.198 (Class "G" A.C.)

02BB 0.205 (1/8" Polymer Concrete)
04B 0.208 (Class "B" A.C./Gilsabind)
03B 0.209 (Class "E" A.C./Gilsabind)
04A 0.219 (Class "B" A.C.)

03A 0.281 (Class "E" A.C.)

ASP (in) ATS (mph)
OQutside Track .027 21.7

AWR - Average Wear Rate - 1n/106 w.a.
ASP - Average Stud Protrusion - in.
ATS - Average Tire Speed - mph

FIGURE 7: AWR Values Determined for the Perma-T Gripper Stud from Ring No. 5 Data.



(sduL] 4obudsseq) -e3eq G ‘ON Buly wodj pn3S [RUOLIUSAUO) BYJ 404 PBULWUDYDQ SBN|BA ¥MY & JYNII4

ydw - poads aul] abedsAy - Sly
‘UL - UOLSNU30Ad PpnlS 9DRUBAY - 4SY
"RTM oo—\cT - 9]prY J4e3IM SbeUBAY - YMY

("3°¥ 9. SS®LD) 608°0 — 850
("2°V .8, SSBLJ) [99°0 ¥r0
("2°V 9. SSeld) 085°0 VS0
(putqes[L9/ 3°¥ .4, SSeLd) ¥¥5°0 av0
(putges|19/°3°¥ ,3, SSBL]Y) /£25°0 ae0
© ("2°Y 3. Sseld) 01570 0
(33942U0) puedLlM 1) tLP°0 aveo
(23340U0) puBALM ) S2¥°0 Vv20
(91840u0) puedtpM ,2/L) 9L°0 4gi0°
(3940U0) puediM ,2/L) 2L¥°0 valo
(3340U0) puRdLM ,2/L) ¥¥E"0 agLo
(93240U0) pueaAlM ,2/L) €2€°0— 2910
860" JoeAL 3pLSING (93840u0) JdwA(0d ,8/1) G9IL°0 4820
(uL) dsv (93940U0) puedlM ,£) 8LL'0 Y20
AZD J40J SUOL3I3S 98Sayl 40 || 404 YMY mmm;m><v 210°0—
(93942U0) UBWA|Od L) LOO 0 W90



(S34lL]l ¥ond]) °eIeQ G "ON BuLy WO4y Pn3S |RUOLIUDAUO) Y3 404 PIULWA3I3E SIN[BA ¥MY :('IU0D) 8 JUNYIA

(butwooug *sued] °37 J3d) €80°0 a1

(Butaooug *buol *37 J3d) ¢280°0

g€l

(butAoouy -sueual 33d) 180 O———————VY¥D
)

(butwooug -buoT wnripsW J3d) 6£0°0 Y93
(bulwoouag "sued] "37 uuav G/0°0 kAl
(bulwooug -sueal AAeIH J3d) ¥/0°0 Yvel
o (buLroouy d13seld 37 J3d) 690°0 \En
(bulwooug -suea} AAeSH J3d) 890°0 1929
(butAoouan *b6uoqy 33d) £90°0 ved
(Butwooug *6u07 27 23d) 990°0 492
(depLang 22d) 990°0 8€¢d

(butwooug ‘buoq AAesH 33d) VY0 OV 1D

0°02 YEOT  YORUL 49IUI) (deluang 32d) 190°0 va29
(udw) sly (ut) dsv (buLwooag ‘sued] AAedH 33d) €50°0 V2o
(buLaoouy dL3seld 37 J3d) 6¥0°0 1)

(butwooug -sueda] Aaesy 32d) $€0 0 ——9V2O

AZD 40J) SUOL]O8S °Sayl 40 | |e J04 HMY mmm;w><v 2000



‘eTM

64

9

83840U0) 3|BYdSY ,9, SSBLD

£8¢°0 TUT €90°0 = 49V “0d0 7780 = SIv) |4 ¢l
0ev"0 (70T €90°0 = dSv “4du 781 - SIV) 47Val
L6e "0 0T 26070 = 43V 000 2722 = SIV) S4-¥5U
ydw - paads Sul] 8beusAy - Sy
‘UL - UOLSNUIO0J4J Pn1S 9BRUBAY - dSY
OL/ut - @30y 4edp dbeddny - Yry 9394d0u0) 3}[eYyusy ,9, SSel)d
£ , Y-y
00 "0 =TT 59070 = asv woaw v-8L = sLv) |0 ¢
V8¢ 0 ey = v Iaw 5T = SIvy Y YL
£59°0 (UL 26070 = dSv 704 222 = SIV) 547V
93940U0) 1|eYdSY ,3, SSeL)
S (0T £90°0 = 45V 400 781 = SIV) S4-vEl
5570 U7 26070 = 45V U 22 = SIV) S4TvEo
*SDOBGS JuSuds4i( 30 DULAOL pue SY1bUST UOLSNULI0Ad PNIS JUBAB44L0 YILM 1Ng
£N3S UOLSNAZ04d POLL04TUOD BUT YILK SBULL d0) S{RLa31BH 4eLLWLS UO SAN|BA YMY 40 UOSLIRGHO) 16 JWN9TA



65

20°0
¢0°0
1070
£0°0
1070
L0°0
¢0°0
1070
1070
Lo*0
160
1070

1070

€0°0
10°0
200
L0°0
10°0
L0°0
00°0
100
L0°0

F

HooH o H A+ H A H D+ H

+

d900°0
di00°0
d800°0
d¢c0°0
d800°0
de00°0
d100°0
d800°0
d900°0
de000
dg800°0
dv00 0
d900°0
dsu0°0
de00°0
d900°0
ds00°0
de00°0
d¢00°0
d000°0
dl00°0
d100°Q
NR

+ + + + + + o+ +

+ o+ o+

00°0
L0°0
00°0
00°0
L0°0-
00°0
10°0~
00°0
00°0
10°0-
L0°0
1070~
00°0
1070
00°0
1070
00°0
000
0070
00°0
1070
00°0

¥0°0
90°0
9070
€0°0
0L°0
¥L°o
80°0
900
SL°0
[0°0
€0°0
¥0°0
200
¥0°0
10°0
¢0°0
100
100
t0'0
¢0°0
t0°0
€0°0

+i

+i

HooH o H

+

d1€0°0
d¥50°0
d880°0
ds80°0
desL o
d86L°0
d8sL o
deeL o
d49¢€°0
d662°0
dov0°0
d8e0’0
d8e0°0
d€90°0
4v20°0
d¢lo o
d£00°0
d800°0
d€20°0
dec0°0
del0 0
d2g0 0
dJ

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

4Ll pappnisun - NO
pN3S DAL UOLSNUIOA] PBLLOUIU0D - 4D

€0°0
¥0'0
G0°0
00°0
£0°0
Lo
£0°0
S0°0
oL'o
§0°0
€0°0
¥0°0
1070
S0°0
to'o
20°0
00°0
00°0
00°0
20°0
L0°0
€0°0

20°0
20’0
€0°0
S0°0
€0'0
¥0°0
¢0°0
¥0°0
$0°0
S0°0
£0°0
€0°0
10°0
€0°0
10°0
00
L0°0
10°0
100
£0°0
100
20°0

dly0 0 + 20°0
d¥60°0 + L0°0
d0ZL"0 + ¢0°0
d002°0 + 20°0
d89c 0 + 20°0
d62e’0 + ¥0°0
d/§1°0 + 1070
d082°0 + 90°0
d60s°0 + €0°0
dLL5°0 + v0°0
d20L’0 + €0°0
d9€L"0 + ¥0°0
dgs0°0 + 10°0-
d6EL’0 + 1070
dsy0°0 + 10°0
deLo’0 + 00°0
d/10°0 + 10°0
d100°0 + 00°0
dleo’0 + 00°0
dv00°0 + 10°0
d600°0 + 10°0
d00t°0 + 20°0
AD
Hld3ia 1Linyd

¢0'0
¢0°0
€0°0
€0°0
€0°0
€0°0
¢0'0
£0°0
€0°0
€0°0
€0°0
€0°0
¢0°0
€0°0
200
L0°0
1070
00°0
10°0
£€0°0
10°0
¢0°0

PN1S S4Ll [BUOLIUBAUOY - AD
pn3s a4l J49ddidag |-ewudd - Id

HoOoH HH

+t

9

pNIS BdLl doIsuuly - S
9J41] MOuS pajeubaddw] 38uUden - 159

dl20’0 + 10°0 ¢0°0 ¥ d1S0°0 + 20°0 10°0 * d4/00°0 + 10°0 9394007 juswd) puelldod
d€50°0 + 10°0 20°0 * d860°0 + 20°0 100 F 492070 + 00°C (3leydsessny) jleydsy dljsey
d480°0 + 20°0 €0°0 ¥ d2EL"0 + 20°0 ¢0°0 ¥ 4OLO°0 + 00°0 - ‘7Y w8, sseld
d9v0°0 + 10°0  $0°C # d/G1°0 + 00°0  €0°0 * d/p0°0 - 10°0  °2°Y ,8, SSe{d uo |eas diy) oyep]
dovL'0 + €0°0 G0°0 ¥ d29%°0 + €0°0 ¢0°0 * d5¢0°0 + 1L0°0 1y 38504384/°0°Y W9, SSBLD
dS2L°0 + €00  LO°0 * d8/¥°0 + 90°0C 10°0 F 4EE0'0 + 10°0 *0°Y 9. SSELD
dv80°0 + L0'0 €070 ¥ d212°0 + L0°0 1070 ¥ d60L0°0 + 00°0 93840U03 *3°3°Y 9, SSBL)
d660°0 + ¥0°0 OL°0 ¥ 4L0E°0 + 90°0 L0°0 ¥ d£20°0 + LO"O 9ARdOL[d/ 0"V W9 SSBLD
dlgl’0 + ¢0°0 8070 F dvc0°L + 20°0 20°0 F d610°0 + LO"0- 1Y 39504334/°3°Y 0, SS®LD
ds6L"0 + 20°0 02°0 ¥ d862°0 + 8L°0 90°0 * d180°0 + ¥0°0 3% .0, SSEL]
de80°0 + €0°0C €0°0 F dBEL'O + €00 2070 ¥ d2¥0°0 + 00°0  "2°Y ,9, SSeL]/"44nS "F°I°Y ‘xneg
d00L"0 + €00 €0°0 * 429170 + €0°0 1070 + d€¢0°0 + 10°0 XiW pueS "3°d/°44ns 33"y ‘xneg
d2s0'0 + ¢0°0 2070 ¥ 4860°0 + LO'0  10°G ¥ d¥00°0 - 0070 XLW pueS "3°d/"44nS "3°3°Y ‘udey
dél0°0 + 20°0 T £0°0 ¥ d/9L°0 + €0°0  10°0 ¥ d/L0O°0 + 0O°OXiW PURS *3°d/"34nS 3°3°y BBlS ‘uly
dls0°0 + 000 LO'0 * dL€L'0 + 00°0  LO°O * 411070 + 00°0 ou0) *AL0d U0 pues-43qqny
d210'0 + 00°0 I0'0 ¥ d4500°0 + 00°0 10°0 * d4500°0 - LO'0- ,.u:ou *A{od uo pues-6e|s “ull
d€v0°0 + 00°0  10°0 + d0E0°0 + LO°0 100 ¥ 4LLO°0 - 00°0 *0U0) "A10d U0 ‘4ung J3uJEY
d600°0 + 00°0 00°0 ¥ 4900°0 + 00°0 10°0 ¥ dS00°0 - 00°0 ' 939.40u0) J3wA|0od
d/20'0 + 00°0 100 * d£20°0 + LO'0  L0°0 ¥ dSL0°0 + 0O°0 ) "3 "AL0d UO 'jung jaudey
d/00°0 + LO'0 €0°0 ¥ 4/10°0 + 0GO°0 20°0 +* dZ00°0 + LO°0- "OUO) Snouqly 3815 JawA|od
d0¢0°0 + 00°0 00'0 ¥ dZ10°0 + 00°0 LO'O + 4¥00°0 - 00°0 33340U07 Juswa) JSUAL 04
d950°0 + ¢0°0 20°0 ¥ d62L°0 + 20°0 10°0 ¥ d¥l0°0 + 00°0 "2 "D "Ly ubLH/ 3uns *3°3'y ‘xneg
1d Sd4 189 AYVTYIAO 40 IdAL
YdIAay

9 ‘oN Bury [ejusawiaadx]
0
(sz = &_m + B =() SNOILYNDI ¥0LJ103Yd

S 318yl

aél
€l
et
oLl
0ol
060
080
040
290
190
050
€v0
2v0
L0
¥e0
£€0
¢€0
LEO
€20
220
120
0lL0
NOIL33S



66

TABLE 6

AVERAGE WEAR RATE VALUES
in inches per million wheel applications

Experimental Ring No. 6

SECTION MATERIAL GST FS PT cv CP UN
N10 Baux. A.E.E. Surf./High Al. C.C. 0.014 0.129 0.056 0.100 0.032 0.00]
041 Min. Slag A.E.E. Surf./PC Sand 0.017 0.167 0.072 0.139 0.063 0.001
042 Garn. A.E.E. Surf./PC Sand 0.001 0.098 0.052 0.055 0.038 0.006
043 Baux. A.E.E. Surf./PC Sand 0.023 0.162 0.100 0.136 0.038 0.004
050 Baux. A.E.E. Surf./Class "G" A.C. 0.042 0.138 0.083 0.102 0.046 0.008
110 1Idaho Chip Seal/Class "B" A.C. 0.001 0.157 0.046 0.200 0.085 0.022
021 Polymer Cement Conc. 0.001 0.017 0.020 0.009 0.012 0.001
022 Polymer Wirand Conc. 0.007 0.017 0.007 0.004 0.022 0.000
023 Garn. on Poly. Cem. Conc. 0.015 0.027 0.027 0.021 0.023 0.00]1
031 Polymer Concrete 0.001 0.006 0.009 0.001 0.008 0.002
032 Garn. on Poly. Concrete 0.001 0.030 0.043 0.017 0.007 0.001
033 Min. Slag-Sand on Poly. Conc. 0.001 0.005 0.012 0.013 0.012 0.001
034 Rubber Sand on Poly. Conc. 0.011 0.137 0.051 0.045 0.024 0.001
122 Portland Cement Concrete 0.007 0.051 '0.021 0.041 0.031 0.001
061 Class "D" A.C. ' 0.081 0.298 0.195 0.571 0.299 0.001
062 Class "D" A.C./Petroset AT 0.019 1.024 0.121 0.509 0.326 0.006
070 Class "G" A.C./Pliopave 0.027 0.301 0.099 0.280 0.122 0.008
080 Class "G" A.E.E. Concrete 0.009 0.212 0.084 0.157 0.158 0.001
090 Class "G" A.C. 0.033 0.478 0.125 0.329 0.198 0.002
100 Class "G" A.C./Petroset AT 0.025 0.462 0.146 0.368 0.183 0.008
121 Class "B" A.C. 0.010 0.132 0.085 0.120 0.088 0.008
123 Mastic Asphalt n.026 0.098 0.053 0.094 0.054 0.001

GST - Garnet Impregnated Snow Tire

FS - Finnstop Tire Stud

PT - Perma-T Gripper Tire Stud

CV - Conventional Tire Stud

CP - Controlled Protrusion Tire Stud
UN - Unstudded Tire '
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FIGURE 10: AWR Value Comparisons for the SURFACINGS GROUP in Ring No. 6.

UN } 0.007 UN | 0.001

P —0.032 CP ———10.063

PT ———10.056 PT f——0.072

oV f—————0.100 cv —0.139

FS 0.129 Fs —0.167
GST =n.014 GST —0.017

010 - Baux. A.E.E. Surf./High Al. C.C. 041 - Min. Slag A.E.E. Surf./PC Sand

ASP (in) ATS (mph)
UN --- 18.0
UN ~0.006 UN F 0.004 ’ cP .020 18.4
o 0.038 - 0. 038 PT .017 21.7
. ' ' cv .030 21.3
PT —0.052 PT———0.100 FS .029 22.2
CV 0.055 cv 0.136 GST - 22.5
FS p—0.098 FS —0.162 AWR - Average Wear Rate - 1ﬂﬂ106 W.a.
ASP - Ave Stud Protrusion - in.
GST £0.001 GST F0.023 rage Stud ¥
ATS - Average Tire Speed - mph
g42 - Garn. A.E.E. Surf./PC Sand 043 - Baux. A.E.E. Surf./PC Sand

-See Table 6 for Stud Types-

UN -0.008 UN —0.022

CP ——0.046 CP f———"10.085

PT —0.083 PT—0.046

vV 0.102 cv 0.200
FS —.138 FS 0.157

GST — 0.042 GST [ 0.001

050 - Baux. A.E.E. Surf./Class "G" A.C. 110 - Idaho Chip Seal/Class "G" A.C.
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FIGURE 12:
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0.299

0.195

AWR Value Comparisons for the ASPHALT OVERLAY GROUP in Ring No. 6.

0.298

0.081

061 - Class "D" Asphalt Concrete

+ 0.002
0.198

0.125

0.329

0.571

— 0.033

090 - Class "G" Asphalt Concrete

~0.008

0.183

0.146

0.368

0.478

~—0.025

100 - Class "G" Asphalt Concrete/Petroset AT

0.462

UN
cp
PT
cv
FS
GST

UN
cp
PT
cv
FS
GST

UN
cp
PT
cv
Fs
GST

=0.008

0.122

—————0.099

0.280
0.301

= 0.027

070 - Class "G" Asphalt Concrete/Plicpave

0.001

0.158
0.084

0.157

g.212
~ 0.009

080 ~ Class "G" A.E.E. Concrete

~ 0.006

0.326
0.121

UN

CP
PT |

cv
FS
GST

UN

CP |
PT

cv
FS
GST

0,008
0.088
0.085
0.120

0.132
~ 0.010

121 - Class "B" Asphalt Concrete

0.001

0.054
0.053
0.094

————=0.098

— 0.026

123 - Mastic Asphalt

0.509

ASP {in) ATS (mph)
UN --- 18.0
CcP .020 18.4
PT 017 21.7
Cv .030 21.3
FS .029 22.2
GST --- 22.5

AWR - Average Wear Rate - in/lo6 W.a.
ASP - Average Stud Protrusion - in.
ATS - Average Tire Speed - mph

—0.019

062 - Class “D" Asphalt Concrete/Petroset AT

1.025
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FIGURE 13: AWR*Values Determined for the Controlled Protrusion Stud
from Ring No. 6 Data.

L. 0.007 (Average AWR for all UN in SURFACINGS GROUP)
010—0.032 (Baux. A.E.E. Surf./High Al. C.C.)
042—0.038 {Garn. A.E.E. Surf./PC Sand)

043 0.038 (Baux. A.E.E. Surf./ PC Sand)

050 0.046 (Baux. A.E.E. Surf./Class "G" A.C.)

041 p———— 0.063 (Min. Slag A.E.E. Surf./PC Sand)

110 p———————0.085 (Idaho Chip Seal/Class "B" A.C.)

+0.001  {(Averace AWR for all UN in CONCRETE OVERLAY GROUP)
032 0.007 {(Garn. on Poly. Cement Concrete)

031+=0.008 (Polymer Concrete)

021 0.012 (Polymer Cement Concrete)

033 0.012 (Min. Slag-Sand on Polymer Conc.)

022+— 0.022 (Polymer Wirand Conc.)

0235F—0.023 (Garn. on Polymer Cement Conc.)

034+—0.024 (Rubber Sand on Polymer Conc.)

122—0.031 (Portland Cement Concrete)

+ 0.004 (Average AWR for all UN in ASPHALT OVERLAY GROUP)
123 0.054 (Mastic Asphalt)

121 f————— 0.088 {(Class "B" Asphalt Concrete)

070 0.122 (Class'G" A.C./Pliopave)

080 0.158 (Class "G" A.E.E. Concrete)

100 0.183 (Class "G" A.C./Petroset AT)

090 0.198 (Class "G" A.C.)

061 0.299 (Class "D" A.C.)

062 0.326 (Class "D" A.C./Petroset AT)

MR - Average ‘lear Rate - in/10® w.a.
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FIGURE 14: AWR*Values Determined for the Perma-T Gripper Stud
from Ring No. 6 Data.

F0.007 (Average AWR for all UN in SURFACINGS GROUP)
——— 0.046 (Idaho Chip Seal/Class "B" A.C.)
0.052 (Garnet A.E.E. Surf./PC Sand)

0.056 (Baux. A.E.E. Surf./High Al. C.C.)

0.072 (Min. Stag A.E.E. Surf./PC Sand)
0.083 (Baux. A.E.E. Surf./Class "G" A.C.)

0.100 (Baux. A.E.E. Surf./PC Sand)

0.001 (Average AWR for all UN in CONCRETE OVERLAY GROUP)
- 0.007 (Polymer Wirand Concrete)

- 0.009 (Polymer Concrete)

— 0.012 (Min. Slag-Sand on Polymer Conc.)

—0.020 (Polymer Cement Concrete)

—— 0.021 (Portland Cement Concrete)

L__.0.027 (Garnet on Polymer Cement Conc.)

———0.043 (Garnet on Polymer Concrete)

f———0.051 (Rubber Sand on Polymer Conc.)

0.004 (Average AWR for all UN in ASPHALT OVERLAY GROUP)

te——0.053 (Mastic Asphalt)

0.084 (Class "G" A.E.E. Concrete)
0.085 (Class "B" A.C.)
0.099 (Class "G" A.C./Pliopave)

0.121 {Class "D" A.C./Petroset AT)

0.125 (Class "G" A.C.)

0.146 (Class "G" A.C./Petroset AT)
0.195 (Class "D" A.C.)

*
AWR - Average Wear Rate - 1'n/1()6 w.a.
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FIGURE 15: AWR*Va1ues Determined for the Conventional Stud
from Ring No. 6 Data.
L 0.007 (Average AWR for all UN in SURFACINGS GROUP)

042 0.055 (Garnet A.E.E. Surf./PC Sand)

010}—mme———— 0,100 (Baux. A.E.E. Surf./High Al. C.C.)
050f—————0.102 (Baux. A.E.E. Surf./Class "G" A.C.)

043 0.136 (Baux. A.E.E. Surf./PC Sand)

041 —0.139 (Min. Slag A.E.E. Surf./PC Sand)

110 0.200 {Idaho Chip Seal/Class "G" A.C.)

0.001 {Average AWR for all UN in CONCRETE OVERLAY GROUP)
03110.001 (Polymer Concrete)

022F 0.004 (Polymer Wirand Concrete)

0210.009 (Polymer Cement Concrete)

033 0.013 (Min. Slag-Sand on Polymer Conc.)

032F—0.017 (Garnet on Polymer Conc.)

023}— 0.021 (Garnet on Polymer Cement Conc.)

122——0.041 (Portland Cement Concrete)

034}—— 0.045 (Rubber Sand on Polymer Conc.)

L 0.004 (Average AWR for all UN in ASPHALT OVERLAY GROUP)
123f—————0.094 (Mastic Asphalt)
121 p——————0.120 (Class "B" A.C.)

080 0.157 (Class "G" A.E.E. Concrete)

070 0.280 (Class "G" A.C./Pliopave)

090 0.329 (Class "G" A.C.)

100 -0.368 (Class "G" A.C./Petroset AT)

062 0.509 (Class*"D" A.C. / Petroset AT)
061 ” 0.571 (Class "D" A.C.)

*
AYR - Average Wear Rate - 1'n/106 w.a.
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*
FIGURE 16: AWR Values Determined for the Finnish Stud
from Ring No. 6 Data.

L-0.007 (Average AWR for all UN in SURFACINGS GROUP)
042 ——0.098 (Garnet A.E.E. Surf./PC Sand)

010 0.129 (Baux. A.E.E. Surf./High Al. C.C.)
050 0.138 (Baux. A.E.E. Surf./Class "G" A.C.)
110 0.157 (Idaho Chip Seal/Class "B" A.C.)
043 0.162 (Baux. A.E.E. Surf./PC Sand)

041 0.167 (Min. Slag A.E.E. Surf./PC Sand)

t 0.001 (Average AWR for all UN in CONCRETE OVERLAY GROUP)

033 0.005 (Min. Slag-Sand on Polymer Conc.)
031 0.006 (Polymer Concrete)

021 —0.017 (Polymer Cement Concrete)

022 [—0.017 (Polymer Wirand Concrete)

023 — 0.027 (Garnet on Polymer Cement Conc.)

032 —0.030 (Garnet on Polymer Concrete)

122 0.051 (Portland Cement Concrete)

034 0.138 (Rubber Sand on Polymer Conc.)

-0.004 (Average AWR for all UN in ASPHALT OVERLAY GROUP)
123 ——0.098 (Mastic Asphalt)

121 0.132 (Class "B" A.C.)

080 0.212 (Class "G" A.E.E. Concrete)

061 0.298 (Class "D" A.C.)

070 0.301 (Class "G" A.C./Pliopave)

100 » 0.462 (Class "G" A.C./Petroset AT)

090 —0.478 (Class "G" A.C.)

062 $.024 (Class "D" A.C./Petroset

« . AT)
AWR - Average Wear Rate - in/10" w.a.
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TABLE 7

SKID RESISTANCE RESULTS DEVELOPED FROM DATA OBTAINED
BY THE USE OF THE CALIFORNIA SKID TESTER

Ring No. 5
A) Outside Track

u N cp p T cv*
SECTION ASNR1 CSRN2 ASNR CSRN ASNR CSRN ASNR CSRN
01BA -35 4 -9 32 -15 24 -22 18
01BB -38 -1 -3 36 -12 20 -12 24
01BC -44 -6 -13 24 -22 13 -26 11
01BD -43 -2 -20 18 -17 21 -15 26
02AA -36 5 -20 22 -28 12 -10 28
02AB -37 6 -14 27 -19 21 -20 21
02AC -37 8 -16 22 -25 13 -24 16
02BA -29 7 -30 0 -19 10 -36 3
02BB -18 16 -26 0 -30 -3 -29 0
03A -34 3 -29 8 -23 9 -18 19
03B  -22 12 -3 27 -25 9 -8 26
04A -27 6 -29 8 -35 0 -22 11
04B +11 33 +28 50 +9 34 +18 45
05A -13 23 0 35 -13 21 + 8 42
05B -13 22 -2 35 -7 30 -6 27
06A -- -- -- -- -- -- -- --
06B -- -- -- -- -- -- - --
! ASNR = Average rate of change in the California Skid Resistance value
per million wheel applications.
2 CSRN = California Skid Resistance Number obtained from the regression line

"evaluated at one million wheel applications.
* See Table 6 for Stud Type.
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TABLE 7: (Cont.)
Ring No. 5

B) Center Track

UN )
'SECTION ASNR CSRN ASNR CSRN
C1A -9 37 -17 18
C1B -7 33 -15 18
C2A -9 35 -18 18
CeB -9 27 -15 17
C3A -7 29 -13 16
C38B -11 32 -16 17
C4A -4 36 -15 18
C48B -2 38 -15 17
C5A -11 22 -12 16
€58 + 1 30 -10 15
C6A -6 38 =12 17
CFB -10 32 -11 17

TABLE 7: (Cont.)
Ring No. 5

C) Inside Track

cCP UN

SECTION ASNR CSRN  ASNR CSRN
T1A -13 24 -1 29
118 -10 22 -8 32
I2AA - 8 19 -3 32
12AB -5 16 -2 22
12BA -4 16 + 4 29
12BB -5 16 -3 23
I3A -9 22 -5 29
138 -10 25 -7 29
T4A -7 26 -7 30
14B -12 24 -12 29
I5A -4 30 -4 29
158 -6 31 -1 33

I6A -- - -- -
6B - -- - --



80 .

L99YM UOL| | L

L00"
LOO®
800°
2o’
800°
200°

L00"
L00°
Loo"
L00"
dMy

9¢
9¢
82
1
L
2€
€€
9¢
A3
2¢
vy
o
6€
2y
L2
82
£€
22
ve
L2
12
GY

N¥SD  UNSY

N0

PN W WD WD — N M - 0D W N WA~ N O WSS 0 W
i

(20
L}

*2dk] pniS 404 9 21qe] 99§
9704 JLBM BHRUBAY - ,a3<m

suoLjeoLjdde

BUO 2° pPaleN|PAd BUL| UOLSSIUB3AUL BY] WOJJ PAULRIGO JIQUNN 32URYSLSIY PLAS BLUJOSL]E)
suoLjeoiLjdde [99yM UOL{[LW J43d dN[BA 3DURISLSAY PLXS Byj ul abueyd Jo d3ed 9bRUBAY

[E0° 8l
¥s0* 0c¢
880" 6l
680" 0¢
€L’ 1e
861" ¥¢
851" ¢¢
2eL we
9ze” €2
66c° 8¢
90" ¢
8e0" 1<
8e0" €l
€90° €l
veor 02
¢lo” 1
00" (L1
800" 9l
€20° (Ll
2¢0° 9l
¢Lo” Ll
2e0” 22

0i-
al-
g -
oL-
alL-
PL-
A%
vi-
€L
€L-
G-

dMY  NdSD UNSV

xd J

¥ILSIL AINS YINYOAITVD IHL

lb0° /l- 15- 120" 6l-
¥60° 0 2€- €50° ¥ -
0zL" L 2c- 680" b -
002° 0 6€- 9¥0° ¢ -
g9e" Z - Llp- 9wl® Si
62¢° L 0E- S22
(5L ¥ 82- t80° €
082" 2 LE- 660" ¥ -
60G° OL  SE- L2l €
1LG° 0L  €€- GS6L° L
201" ¢ Ge- €80° € -
9L L 9- 00L" L -
§50° OL  [L- 250" 9
6EL° LlE- 69- 2L0° ¥E-
S¥0° €L 9l- 1S0° 9
€L0° ¥ 02- 210" L
10"t lz- €v0° §
100" 6 OL- 600° 8
120" Ll Ll- £20° .9
$00° S 02- 100" |
600" G 61- 020" 2
00" 2 - €b- 950" L -
UMY N¥SD  UNSY UMY NHSD
A D oL d
9 *oN buLy

40 3SN 3IHL A9 Q3NIV1E0 VY.ivd

vS-
9¢-
LE-
8¢-
LG-
§E-
8¢-
Op-
Le-
et~
9t-
)
A
LL-
G¢-
ve-
é¢-
L=
0¢c-

92-

9~
€v-
dNSY

1s0° 9l- 1§~
860" € -  6E-
2€L" € - 9e-
Sz L
29v° 0 eb-
8Lyt 2z -
21z ¢ o€~
loe” 2z  8e-
G20°L €L 62-
862" Ll  Se-
gel" 9 - Lb-
91" v - 2
860" L -  2¢-
(9t [2-  99-
LT ¥l 9l-
S00° 9  GlL-
Ugo" 2 92-
900" 2L 9 -
[20° 8  02-
[10° Le-
[10° 9  8l-
621" 0  £b-
UMY N¥SD NSV
xS 4

WO¥d 03d013A30 SLINS3H

L00° ¢ 6€-
920" OL  0€-
010" €2 2L-
00" 2L 92-
520" €L 92-
€€0° €L [2-
600" €2  OL-
£20° 6L I12-
610" 12 8L-
180" 0z 02~
2v0° O 6 -
€20° S€-  ¥L-
lo* ¥l  82-
£10° SL 2-
LLo* #l 6L~
00" §  lz-
00" €L L2~
00" 8  l-
§10° SL  8L-
L00° € €€~
0o 2 62~
yl0° 9  OL-

UMY NYSD ANSY

(LS9

JONVLISIS3H GIAS

- NYS)
- dNSY

¢l
eel
et
OLL
0oL
060
080
040
290
190
0S50
£¥0
Al
Lv0
veo
€eo
ANV
LEO
€20
2¢0
120
0Lo
NOILJ3S

4
L

‘@ 3MgvL



81

TABLE 9

SKID RESISTANCE RESULTS DEVELOPED FROM DATA OBTAINED
BY THE USE OF THE BRITISH PORTABLE SKID TESTER
Ring No. 6
GS T Fs* pT* cv* c p* U N*

SECTION ASNR! BSRNZ ASNR BSRN ASNR BSRN ASNR BSRN ASNR BSRN ASNR BSRN
010 -34 55 -7 52 -15 48 -21 42 -6 47 -13 78
021 -24 28 -9 3 +2 45 -17 30 -8 40 -9 54
022 -14 40 -2 48 -11 38 -19 3% -6 51 -9 53
023 -16 42 +16 66 +17 70 -12 49 -1 5 -7 57
031 -6 32 +34 60 +30 57 +9 42 -8 34 -11 40
032 -33 33 +2 48 413 58 -14 33 -6 44 -10 55
033 -24 13 +14 43 +10 43 -1 37 -5 38 -8 46
034 -21 41 +15 69 +3 59 -3 57 -9 54 -11 55
041  -54 6 -66 -2 -74 -6 -132 -55 -16 47 -12 45
042 -37 37 -27 30 -29 30 -57 11 -5 4 -12 6]
043 =51 40 -21 42 -13 50 -35 35 -14 47 -19 80
050 -65 36 -22 44 =30 39 -19 47 -12 48 -16 76
061 -40 27 -24 52 -3 38 -52 31 -13 61 -1T" 47
062  -43 23 =31 48 -27 4 -39 42 -15 62 -13 50
070 -38 29 -38 38 -22 45 -30 42 -12 56 -16 54
080 -44 28 -14 53 -18 47 -27 51 -17 58 -7 56
090 -48 24 -34 44 -27 46 -28 47 -11 59 -10 49
100 -48 21 -9 59 -28 44 -52 29 -13 60 -10 49
1m0 -37 26 -39 34 -30 40 -30 43 -12 56 -16 53
121 -40 30 -35 35 -27 42 -35 35 <13 54 -11 5]
123 -40 32 -18 48 0O 60 -30 40 -8 54 -14 60
122 -3 37 +6 47 -18 43 -24 40 -13 50 -16 64

1

ASNR = Averaae rate of change in the British Portable Skid Tester Skid Re-
sistance value per million wheel applications.
2BSRN = British Portable Skid Tester Skid Resistance Number obtained from the

rearession line evaluated at one million wheel applications.
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TABLE 10
COMPARISON OF WEAR RATES FROM THE MINNESOTA AND WASHINGTON
STATE UNIVERSITY TESTS FOR CV STUDS

AVERAGE WEAR RATES - INCHES/106 W.a.
WASHINGTON STATE UNIVERSITY MINNESOTA]
PAVEMENT TYPE PHASE I PHASE 11

Asphalt Concrete2

(High Type) 0.667 0.120 0.408
Asphalt Concrete3

(Regular) 0.695 0.329 0.790

Portland Cement Conc. 0.1184 0.041 0.347

Epoxy Mortar 0.1655 0.0096 0.159

]Reference 20.

2This assumed to be equivalent to the class "B" asphalt concrete used in
the WSU study.

This is assumed to be equivalent to the class "G" asphalt concrete used
in the WSU study. (Average value)

4This is the wear rate for the 3" Wirand Concrete Section.

3

5Th1's is the wear rate for the 1/8" Polymer Concrete.
6This is the wear rate for the Polymer Cement Concrete.

TABLE 11
COMPARISON OF WEAR RATES FROM THE MINNESOTA AND WASHINGTON
STATE UNIVERSITY TESTS FOR CP STUDS

AVERAGE WEAR RATES - INCHES/10° w.a.
WASHINGTON STATE UNIVERSITY MINNESOTA!
PAVEMENT TYPE PHASE T PHASE 11
Asphalt Concrete 0.419 0.088 0.352
Portland Cement Conc. 0.097° 0.031 - 0.180

1
2

Reference 21.

This is assumed to be equivalent to the class "B" asphalt concrete used
in the WSU study. (Average value)

3AVerage value.
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TABLE 12

COMPARISON OF AVERAGE WEAR RATES FROM DIFFERENT TESTS AND AREAS
FOR CV STUD ON PORTLAND CEMENT CONCRETE PAVEMENT

A.W.R. - INCHES/10° w.a.

STUDY AVERAGE RIDE DECELERATION
New Jersey] 2.50
Maryland' 1.20 -
Quebec1 1.00 2.60
Ohio? 0.06 -
Chevron Research3 2.66 —_—
Minnesota4 0.347 —_—
WSU: Phase I. 0.118 -

Phase 11 0.041 _—

1 Reference 22.
2 Reference 28. Calculated from the rut depth data.
Z Reference 24. This would indicate a low quality concrete.

Reference 20.
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TABLE 13

COMPARISON OF AVERAGE WEAR RATES FROM DIFFERENT TESTS AND AREAS
FOR CV STUD ON BITUMINOUS CONCRETE PAVEMENT

A.W.R. - INCHES/10% w.a.

STUDY AVERAGE RIDE DECELERATION
Finland and Norway] 0.70 _——
Germany] 1.10 ———
Sweden: Test Track2 1.15 _——

Bromma Track3 0.60 —-
0h1‘o4 0.06 —_—
Quebec! 1.10 3.60
Chevron Research5 0.87 _—
Minnesota® 0.41 .
WSU: Phase 1 0.66 _——

Phase I1I 0.12 -

Reference 22.
Reference 27.
Reference 31.

Reference 28. These values have been calculated from their rut
depth data.

5 Reference 24.

1
2
3
4

6 Reference 20.
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Class "G" Asphalt Concrete
Section 090
CP Stud

Temperature Of

FIGURE 19: Wear Rate versus Pavement Surface Temperature

. 91
Curve A: This includes all data points.

8- Curve B: This excludes the data points with the L
) widest scatter.
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Portland Cement Concrete
Section 122

FIGURE 2n:

Temperature OF

Wear Rate versus Pavement Surface Temnerature
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. 0.012 (Average AWR™for all of these sections for UN)

02AC 0.137 (3" Wirand Concrete)

02BB 0.184 (1/8" Polymer Concrete)
01BB 0.225 (1/2" Wirand Concrete)

02AB 0.231 (1" Wirand Concrete)
01BC 0.245 (1/2" Wirand Concrete)
01BD 0.247 (1/2" Wirand Concrete)

01BA 0.264 (1/2" Wirand Concrete)
02BA ——0.271 (1" Polymer Concrete)

05A : 0.281 (Class "G" A.C.)

02AA - 0.286 (1" Wirand Concrete)

038 0.322 (Class "E" A.C. Gilsabind)
048 0.324 (Class "B" A.C. Gilsabind)
058 0.330 (Class "G" A.C.)

03A —0.408 (Class "E" A.C.)
04A 0.438 (Class "B" A.C.)

FIGURE 21: Average ANR*Va1ues Determined for the Combined Action of CP and PT
Tire Studs from Ring No. 5 Data.

*ANR - Average Wear Rate - 1'n/106 w.a.



88

FIGURE 22: Average ANR*Va1ues Determined for the Combined Action of CP and PT
Tire Studs frem Ring No. 6 Data.

-0.007 {Average AWR for all UM in SURFACINGS GROUP)
010 0.044 (Baux. A.E.E. Surf./High A1. C.C.)

042p———0.045 {Garn. A.E.E. Surf./PC Sand)
050f————0.064 (Baux. A.E.E. Surf./Class "G" A.C.)
10— 0.066 (Idaho Chip Seal/Class "B" A.C.)
047 p————0.068 (Min. Slag A.E.E. Surf./PC Sand)
04 3p———0.069 (Baux. A.E.E. Surf./PC Sand)

+0.001  {Averace AR for all UN in CONCRETE OVERLAY GROUP)

031k 0.009 {Pclymer Concrete}

—

— 0.012 (Min. Slag-Sand on Polymer Conc.)

(]
w
(%)

022 0.015 (Polymer Wirand Concrete)
0214 0.016 (Polymer Cement Concrete)

023p—0.025 (Garn. on Polymer Cement Concrete)

Cas

032p—0.025 (Garn. on Polymer Cement Concrete)
122——0.026f (Portland Cement Concrete)

034}—— 0.038 {Rubber Sand on Polymer Concrete)

- 0.004 (Average AWR for all U! in ASPHALT OVERLAY GROUP)
125 p——0.054 {Mastic Asphalt)
127 f———0.087 (Class "B" Asnhalt Concrete)

070 0.110 (Class "G" A.C./Pliopave)

080 0.121 (Class "G" A.E.E. Concrete)

090 0.161 (Class "G" A.C.;

100 0.164 (Class "G" A.C./Petroset AT)

062 0.224 (Class "D" A.C./Petroset AT)
CRI1 0.247 (Class "D" A.C.)

*
AWR - Average Wear Rate - 1'n,/]06 w.a.
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TABLE 14: TYPES OF TRAFFIC STRIPING PAINTS

BRAND OF PAINT CODE
NO.

Prismo Universall #1
Merkin Mastercraft Heavy Duty Traffic Paint-350 Whitel| #2
Gleem Zone Marking Paint - Instant Dry White3 #3
Thermoplastic Striping Tape - Pm’smo1 #4

1 Manufactured by Prismo Corporation

2 Merkin Paint Company,
A Division of Baltimore Paint & Chemical Corporation
2325 Hollins Ferry Road
Baltimore, Maryland

3 Gleem Division

Baltimore Paint and Chemical Corporation
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TABLE 15: RANKING OF STRIPES ACCORDING TO WEAR - SECTION 021 - 10,000 w.a.

WHEEL PATHS

1 2 3 4 5 6 7 8
STRIPE TYPE OF STUDS AND TIRES
NO. UN | cP usTt|  usTh | v PT. FS GST
1 2 2 2 2 2 2 3 3
2 3 3 3 3 4 4 2
3 4 4 4 4 x 3 2 4
4 1 1 1 1 1 1 1 1

Stripe completely worn off

UST - Unstudded Truck Tire

TABLE 16: RANKING OF STRIPES ACCORDING TO WEAR - SECTION 100 - 10,000 w.a.

WHEEL PATHS

1 2 3 4 5 6 7 8
SNTOR_IPE TYPE OF STUDS AND TIRES
UN | cP UsT UST cv PT Fs GST
1 2 2 4 4 4 4 4 4
2 3 3 3 3 3 3 3 3
3 4 4 2 2 2 2 2 2
4 1 1 1 1 1 1 1 1
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TABLE 17: RANKING OF STRIPES ACCORDING TO WEAR - SECTION 021 - 25,000 w.a.

WHEEL PATHS
1 2 3 4 5 6 7 8
STRIPE TYPE OF STUDS AND TIRES

NO. UN cp UST usT | cv PT FS GST

1 2 2 2 2 2 2 3 3

2 3 4 3 3 * 4 4 2

3 4 3 4 4 x 3 2 4

4 1 1 1 1 1 1 1 1

*
Stripne completely worn off

TABLE 18: RANKING OF STRIPES ACCORDING TO WEAR - SECTION 100 - 25,000 w.a.

WHEEL PATHS
1 2 3 4 5 6 7 8
STRIPE TYPE OF STUDS AND TIRES
NO. UN ce | usT UST cv PT FS GST
1 8 4 4 4 2 2 3 3
2 3 3 2 2 3 4 2 4
3 2 2 3 3 4 3 4 2
2 1 1 1 ] 1 1 ] 1
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TABLE 19: RANKING OF STRIPES ACCORDING TO WEAR - SECTION 021 - 50,000 w.a.

WHEEL PATHS

1 2 3 4 5 6 7 8
STRIPE ‘ TYPES OF STUDS AND TIRES
NO. UN cP UST UST cv pT FS 6ST
1 2 2 2 2 * x * x
2 3 3 3 3 * « x *
3 4 3 4 4 * 2 2 2
4 1 ] 1 1 1 ] 1 1

*
Stripe completely worn off

TABLE 20: RANKING OF STRIPESACCORDING TO WEAR - SECTION 100 - 50,000 w.a.

WHEEL PATHS

1 2 3 4 5 6 7 8
STRIPE TYPES OF STUDS AND TIRES
NO. UN cP UsT usT Cv PT FS GST
1 4 * 4 4 4 3 3 3
2 3 * 2 2 3 4 4 4
3 2 2 3 3 2 2 2 2
4 1 1 1 1 1 1 1 1

*
Stripe completely worn off
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TABLE 21: RANKING OF STRIPES ACCORDING TO WEAR - SECTION 021 - 150,000+ w.a.
WHEEL PATHS
1 2 3 4 5 6 7 8
STRIPE TYPE OF STUDS AND TIRES
NO. UN cP UST UST cv PT FS GST
1 3 * 2 2 * * * *
2 2 * 3 3 * * * *
3 4 2 4 4 * 2 * *
4 1 1 1 1 1 1 1 1
*Stripe completely worn off
TABLE 22: RANKING OF STRIPES ACCORDING TO WEAR - SECTION 100 - 150,000+ w.a.
WHEEL PATHS
1 2 3 4 5 6 7 8
STRIPE TYPE OF STUDS AND TIRES
NO. UN CcP UST UsT cv PT FS GST
1 2 * 4 4 2 2 2 2
2 3 * 3 3 4 4 4 4
3 4 * 2 2 3 3 3 3
4 1 1 1 1 1 1 1 1

*
Stripe completely worn off
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{a} 1100 - wheel paths 1 and 2

(b} 2100 - wheel paths 3 and 4

(¢} 3100 - wheel paths 5 - 8

FIGURE 23: The appearance of the traffic stripesin Section 100 after 50,000

wheel applications.
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{a}) 1021 - wheel paths 1 and 2

{b} 2021 - wheel paths 3 and 4

{c} 3021 - wheel paths 5 to 8

FIGURE 24: The appearance of the Traffic paints in Section 021 after
50,00C wheel applications.
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FIGURE 25: Pavement Wear Displayed by the Use of Plaster Castings
of the Wheel Paths. (Typical)
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APPENDIX A

GENERAL INFORMATION
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APPENDIX A

General Information

1A ) ) R ) B ) R ] R Y N EY

Tire

Driving

Tire Speed:\l;]25v 1.110v  1.084v 1.063v, 1.026v 1.000v \9:920vY70.900yJ
Qutside Track Center Track Inside Track
Passenger Tires Truck Tires Passenger Tires

Ring No. 5:

Wheel Path No. 1 2 3 4 5 6 7 8

Type of Stud UN CP PT cv UN Cv cp UN

Ring No. 6:

Wheel Path No. 8 7 6 5 4 3 2 1

Type of Stud GST FS PT cv UN UN cP UN

Ring No. 5: Outside Track - 20 different pavement sections and 4 wheel paths
with one tire running in each wheel path

Center Track - 12 sections and 2 wheel paths with three tires
running in each wheel path

Inside Track =~ 14 sections and 2 wheel paths with three tires
running in each wheel path

Ring No. 6: Twenty-two sections in each track with the same number of wheel
paths and tires as indicated for Ring No. 5

*The number in the boxes indicates the number of tires running in the wheel path.

NOTE: The base reference speed, v, is the speed of the driving tire. This base
speed for most of the testing period was 20 mph.
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APPENDIX B

TYpICAL COMPUTER DATA
OUTPUT SHEETS
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APPENDIX C

ILLUSTRATIVE SAMPLING OF THE PLOTS
OF THE REGRESSION LINES OBTAINED
FROM THE ANALYSIS OF THE DATA
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APPENDIX D

SAMPLE CALCULATIONS SHOWING THE
DETERMINATION OF THE AVERAGE
STUD PROTRUSION LENGTHS (ASP)
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APPENDIX D

Sample Calculations Showing the Determination of the
Average Stud Protrusion Lengths (ASP).

The ASP for any particular stud was determined on a weighted basis by

the following procedure.

Step 1: Prior to placing the tire on the traffic simulator, all 112 '
studs in the tire were measured with a dial gauge. The ex-
pected value or the mean value for the 112 measurements was
determined by £d . Subsequently, at various numbers of re-
volutions during the operation of the traffic simulator, stud
measurements were made on a representative number of studs in
the tire (normally 30 studs were measured). For each set of
measurements, the mean value was obtained from the use of
_zd . A typical set of average values is given in Table a.
I: some wheel paths there were three tires that were being
driven by the apparatus. For these wheel paths the mean value

for the stud protrusion length was obtained by using the mea-

surements from all three tires.

Step 2: The average stud protrusion length for each interval of tire
revolutions was obtained by simply averaging the value at the
beginning of the interval with the value at the end of the
interval. The ratio of the number of revolutions in each
interval compared to the total number of revolutions in the

test was also obtained.
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Step 3: The product of the 1nterva] ratio and the average stud pro-
trusion value was obtained for each interval. This product
provided the effect associated with the particular average
stud Tength acting on the material for a specified portion

of the total time of the test.

Step 4: The weighted average stud protrusion length (ASP) was obtained

by adding the products obtained for each interval.

The ASP for each tire was obtained by this procedure.
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1

Table a.
Mean Stud? Weighted

No. of Rev. Rev. Increment Interval Ratio Protrusion Length Stud Protrusion Values

0 .0418
5,000 .0069725 .0381 .0003

5,000 - .0344
5,000 .0069725 .0364 .0003

10,000 ‘ .0385
15,000 .0209175 .0342 .0007

25,000 .0300
v 25,146 .0350661 .0308 .0011

50,146 .0315
49,854 .0695214 .0223 .0015

100,000 .0131
50,000 .0697250 .0146 .0010

150,000 .0162
50,000 .0697250 .0156 .0011

200,000 .0151
50,000 .0697250 .0155 L0011

250,000 .0159
50,000 .0697250 .0138 .0010

300,000 .0118
Tire Change -—- - ——

300,000 .0283
14,317 .0199650 .0242 .0005

314,317 .0200
35,683 .0497600 .0216 .0011

350,000 .0223
50,000 ‘ .0697250 .0220 .0015

400,000 .0217
100,000 .1394500 .0186 .0026

500,000 .0154
155,458 .2167864 .0187 .0041

655,458 .0220
61,644 .0859627 .0216 .0019

717,102 .0213
£ = 1.0000000 ASP = ¢ = .0198

The average stud protrusion length (ASP) for the entire test period is
taken to be 0.020 = 0.001 inch.

]The numbers in this table pertain to the tire with the CP (controlled
protrusion) stud used in Experimental Ring No. 6.

2Determined from the actual data measurements.
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The ASP values obtained for the remaining tires with studs used in
the project are as follows:

ASP (inch)
Type of Stud Exp. Ring b Exp. Ring 6
CP .092 & .063* .020*
PT .027 .017
cv .098 .030
FS --- .029

*Based on measurements of the stud protrusion lengths obtained from
three tires.
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APPENDI X E

ACTUAL PRECIPITATION VS W



124

APPENDIX E

ACTUAL PRECIPITATION! vs w.a.

RING NO. 5 RING NO. 6
PRECIPITATION PRECIPITATION
MONTH INCHES w.a. MONTH INCHES w.a.
1972 1972
February 1.78 108,570 November 0.37 17,334
March 2.83 207,872 December 3.20 82,667
April 0.67 201,696 1973
May 0.00 24,219 January 1.15 119, 159
February 0.68 89,761
March 1.25 181,366
Aporil 0.19 226,815
1304.2 Hr. 5.20 542,357 1896.7 Hr. 6.84 717,102
Rate .0040"/Hr. 9.59 X 107° Rate  .0036"/Hr. 9.54 X 107°
in./w.a. in./w.a.

]Th1s is the amount of precipitation that fell during actual testing. Data is
taken from references 1 and 2 and from Palouse Field Conservation Station -

Pullman 2 NW.

RING NO. b5:
Rate: 0040 1ncges/hour
59 X 107° dinches/w.a.
RING NO. 6:
Rate: 0036 1nc2es/hour
54 X 107" inches/w.a.

CONCLUSION: No appreciable difference in precipitation amounts during the
testing period.



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


