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1.0 INTRODUCTION

This document constitutes the final report on an experimental pro-
ject entitled "Truck Tire Traction" conducted by the Highway Safety
Research Institute of The University of Michigan under Subcontract Number
S8101 to the Calspan Corporation. The project entailed the conduct of
truck tire traction measurements using an over-the-road dynamometer as
part of a round-robin testing program being directed by Calspan under
their prime contract, Number DTNH-22-80-C-07093, with the National Highway
Traffic Safety Administration of the U.S. Department of Transportation.

Tests were conducted using the HSRI Mobile Truck Tire Dynamometer
on selected asphalt and concrete pavement sections at the Transportation
Research Center of Ohio. A sample of eight test tires were subjected to
a sequence of Tongitudinal and lateral slip conditions on each of the two
surfaces. In addition to the eight-tire sample, five test sequences were
performed on control tires at periodic points in the program. Data were
collected on analog magnetic tape during the field operations and later
processed, in digital form, to produce condensed measures of traction
behavior.

The report contains a description of the test device, in Section
2.1. and outlines the data collection and processing procedures in
Sections 2.2 and 2.3, respectively. The processed longitudinal traction
data are presented in Appendix A and the lateral traction data are pre-
sented in Appendix B.



2.0 METHODOLOGY

Traction tests were conducted during June and July, 1981, according
to a set of test procedures which duplicated those performed during a
previous NHTSA-sponsored study.* The test program involved the exercise
of longitudinal and lateral slip sequences on each of eight tire speci-
mens, with five control tire tests being run in a pattern which meshed
with the eight-tire sample. The test machine, the HSRI Mobile Truck
Tire Dynamometer, was set up first in the configuration for making the
Tongitudinal traction tests on the tire sample, and three weeks later,
was operated in the Tateral traction configuration for testing the sample.
The test machine is described in Section 2.1 followed, in Section 2.2, by
a description of the test procedure.

The data were collected in the field on FM analog tape and were
later transcribed to digital format for processing. The data processing
technique is described in Section 2.3.

2.1 Mobile Traction Measurement Apparatus

The HSRI mobile dynamometer in its current stage of development
consists of a tractor-semitrailer vehicle which permits investigation of
either longitudinal or lateral traction characteristics of heavy truck
tires. The system permits measurement of Tongitudinal properties by way
of the trailer-configured dynamometer as it is towed and serviced by the
instrumented tractor. Mounted on the same tractor is a structure support-
ing a lateral traction measurement system, as diagrammed in the plan view
of Figure 1. Each test system is basically designed to expose a truck
tire specimen to a set of operating conditions which cover the full range
of possible Toads, velocities, longitudinal or angular slip, and pavements
such as can be encountered under either normal or emergency situations on
the highway.

The longitudinal traction dynamometer, shown in Figure 2, is a welded
trailer structure of pipe and plate sections, designed for economy of
construction and for stiffness. The test wheel is situated approximately
at the trailer center-of-gravity position and is supported by a

*p L. Boyd, A.H. Neill, Jr., and J.A. Hinch, "Truck Tire Cornering and
Braking Traction Study," Final Rept., Contract No. NHTSA-9-6227,
Rept. No. DOT HS-804 732, March 1979.
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parallelogram suspension. This suspension configuration, shown in Figure

3, derives from attempts to achieve three fundamental qualities in a
‘mobile traction measurement machine; namely,

1)

the elimination of kinematic interactions between the
loads applied to the test wheel and resulting shear forces
and moments,

the employment of a low-spring rate loading mechanism (an

air spring), to assure the attainment of the desired load

levels while neither (a) sacrificing frequency response in
the vertical degree of freedom of the test wheel, nor (b)

imposing a significant through-coupling of the vibrations

of the foundation vehicle to the test wheel, and

the minimization of the value of the "unsprung" mass, i.e.,
the mass which is displaced with the vertical motion of
the test wheel spin axis.

The parallelogram linkage suspension is thus provided to assure kinematic

isolation of forces while assuring a zero inclination (camber) of the

test wheel plane.

The use of an air spring loading mechanism permits.a controllable

vertical load condition and, in the case of the HSRI machine, imposes a
nominally 350 1b/in coupling between the trailer and the test wheel—while

operating at a common mid-range load of 5000 1b, Fz' At higher loads, the

spring rate rises to a maximum value of 1000 1b/in at a load of 20,000

1bs, while the spring rate, of course, diminishes to zero at zero infla-

tion of the air spring. These spring rates contrast with corresponding
leaf suspension rates of trucks which are five to thirty times stiffer at
comparable rated wheel loads.

The basic design principle behind air spring loading, then, is that

the machine incorporates a relatively "soft" loading member (which is also

virtually frictionless) and thereby attains features which serve to
enhance the quality of the vertical load condition which is imposed upon
the test tire. With such a mechanism, it is then straightforward to
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Figure 3. Test wheel suspension layout in the Tongitudinal traction
measurement assembly.



obtain precision selections or vertical load through the use of commer-
cially available precision regulators.

The unsprung mass which is associated with the vertical degree of
freedom of the test wheel on the HSRI machine weighs 1850 1bs, when out-
fitted with a 10.00 x 20 load range F tire and the corresponding 20 x 7.50
disc wheel rim. By such a configuration, the "wheel hop" system indicates
a natural frequency of approximately 5 Hz (for an effective radial spring
rate of the tire of 5000 1b/in). In general, a high-frequency wheel hop
system permits a minimal vertical load fluctuation as the tire follows
the varying profile of the test surface. In the design of HSRI's longi-
tudinal force dynamometer, the "quality" deriving from a reduced size of
the unsprung mass was comprised with the obvious needs of strength, stiff-
ness, and economy of construction of the wheel support assembly. The

longitudinal force, F_ , vertical load, Fz’ and brake torque, Tb’ are

X
transduced by way of a serial-mounted load cell. These signals, together
with wheel angular velocity and vehicle velocity, constitute the primary

data channels for the machine.

The nominal pitch and jounce trim of the HSRI trailer are controlled
through the use of self-leveling air suspensions on both the trailer rear
axle and the tractor rear tandem. Thus, .as a given vertical load is trans-
ferred from the two respective axle sets to the test wheel, through infla-
tion of the test wheel air spring, the tractor and trailer leveling systems
adjust to a running equilibrium at which the trailer assumes its design
trim attitude. The use of air suspensions on both ends of the trailer also
contributes to attenuation of ride motions, thus further assuring quality
in the vertical Toad condition.

The test trailer is capable of mounting any tire in the 20-inch rim
size, and above, which is:

a) less than 46 inches in free diameter, and
b) 18 inches or less in maximum section width.

Tires can be loaded to a maximum level of 20,000 Tbs, although, to date,
brake torque limitations have prevented the lockup of tires on high
friction surfaces at loads exceeding about 15,500 1bs.



The lateral traction dynamometer shown schematically in Figure 4
mounts two tire samples on opposing steerable spindles outboard of the
tractor's wheel tracks. The two tires are "toed-in" together by an
electrohydraulic servo system covering a slip angle range from -1° to
+30°. The test wheel spindles are mounted upon a solid cross-axle which
is constrained by a single longitudinal pivot pin.

The pin itself is fastened within a cage which can move only verti-
cally, as constrained by a set of four ball-spline bearings. The ver-
tically-"floating cage" is then loaded through inflation of a set of air
springs. This machine thus incorporates a suspension designed to maximize
the three "fundamental virtues" of mobile measurement described earlier—
but for the more complicated case in which two tires are needed to achieve
a side force equilibrium on the foundation vehicle. Clearly, the "pivot
axle" arrangement provides for a load equalization between both tires
while also providing a higher frequency response to road profile irregu-
larities which are uncorrelated, side-to-side. The "floating cage" pro-
vides the needed kinematic isolation of the vertical load from forces in
the ground plane by virtue of its rectilinear antifriction constraints.
The air spring loading configuration again provides for precision load
selection while incorporating a low spring rate coupling between the
unsprung mass(es) and the foundation vehicle.

The two wheel spindles are "steered" to equal but opposing slip
angles by an electrohydraulic servo system which incorporates two sets of
actuating cylinders as shown in Figure 5. The linkage arrangement which
mechanically couples both spindles together permits the use of a single
control loop, operating on the feedback signal from the one instrumented
wheel while assuring common slip angles, side-to-side, even in the event
of a servo power failure.

The system permits mounting of any tire within the 30 to 48 inch
range of free diameters and which is less than 18 inches in cross-section
width. The measurement of tire force and moment conditions is achieved
by way of a serial multicomponent load cell which transduces lateral and
vertical force components as well as aligning moment.
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Data signals from either the longitudinal or lateral test apparatuses
are conditioned and recorded within a tractor-mounted module. The module
serves as a self-contained data acquisition laboratory as well as the
operator's station for selecting and initiating test control functions.

As shown in Figure 6, the operator's module provides an array of hard-
wired electrical controls in addition to certain pneumatic and hydraulic
control elements.

2.2 Test Proceduré

The mobile dynamometer exercised each tire in the longitudinal and
lateral traction test series according to one basic matrix of conditions.
The matrix included a single value of load, and the application of six
sweeps of either Tongitudinal or lateral slip for each of two speeds and
two surfaces. The overall test sequence required approximately 1-1/2
hours with each tire. In addition to traction measurements, certain test
condition measurements were also made concurrently with the testing of
each tire. The recorded data signals included the following:

Fx longitudinal force

Fy lateral force

F, vertical load

i test vehicle velocity
w wheel angular velocity
o slip angle

Data being recorded on FM magnetic tape were played back simul-
taneously and displayed to the test vehicle operator on a pen-chart
recorder to provide for continuous assurance of nominal data quality. The
traction measurements were made at the Transportation Research Center of
Ohio. Shown in Figures 7a and 7b are diagrams of the Vehicle Dynamics
Area at TRC, which provided an asphalt test surface, and the Skid Pad
facility, which provided a polished concrete test surface. Tests were
conducted on both surfaces using an on-board watering system for laying
down an 18-inch-wide swath of water ahead of the test tire. The watering

1
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system flow rate was adjusted in proportion to vehicle speed in order to
establish a constant 0.020-inch nominal depth of the delivered water for
the two test speeds, 40 and 50 mph. The following lists state the pro-
cedural steps by which were obtained the Tongitudinal and lateral traction
measurements, respectively.

Longitudinal Traction Test Sequence

1.

Initial measurement of the hardness of the tire's tread
is made.

The tire is mounted on the test machine, loaded to 4,620
1bs, and is inflated (cold) to a pressure of 85 psi for
bias tires and 90 psi for radial tires.

The machine is moved to the asphalt test track (VDA) with
the tire raised and pretest calibration of instrumentation
is performed. Measurements are made of the temperatures
of the dry asphalt pavement surface and the temperature of
the water in the on-board watering system tank. Weather
conditions are logged, including ambient temperature, wind
velocity and direction, and the general sky condition
(sunny, overcast, etc.). The tire is lowered and loaded
to 4,620 1bs.

Three warm-up laps* (35.7 miles) are performed on the
asphalt track at a speed of 50-55 mph.

A pre-wet lap is made, delivering 0.020-inch depth of
water at 40 mph and performing six brake applications
(time to peak traction 0.3 sec + 0.1 sec) with the locked-
wheel condition being sustained for 1 second and with a
1-second pause between the release of the brake at the end
of one cycle and the reapplication of the brake at the
initiation of the next.

Step 4 is repeated but test data are recorded throughout
the braking sequences.

Step 6 is repeated, except at a speed of 50 mph.

The machine is stopped, the tire raised, and calibration
of the instrumentation performed. The tire is inspected
for damage.

The machine is moved to the polished concrete test track
(skid pad), stopped, and the tire loaded to 4,620 1bs.

*A11 tests on the asphalt track are made with the test machine
moving in one direction (south).

14



10. The test lane of the concrete surface is pre-wetted,
heading south, at 40 mph.

11.  Three brake applications* are made, heading north, at
40 mph delivering water and recording test data.

12.  Step 11 is repeated (heading south).

13. Two brake applications are made, heading north, at 50
mph delivering water and recording data.

14.  Step 13 is repeated (heading south).

15.  Step 13 is repeated (heading north).

16.  The machine is stopped, the tire raised, and a calibra-
tion of the instrumentation performed. The tire is
inspected for damage. The temperature of the dry concrete
surface is then measured.

17. A final measurement of the tread rubber hardness is per-

formed after the tire has been dismounted and cooled to
room temperature.

Lateral Traction Test Sequence

1. Initial measurement of the hardness of the tire's
tread rubber is made.

2. The tire** is mounted on the test machine, loaded to
4,620 1bs and its cold inflation pressure set to 85 psi
for bias tires and 90 psi for radial tires.

3. The machine is moved to the asphalt test track (VDA) with
the tire raised and a pretest calibration of instrumentation
is performed. Measurements are made of the temperatures of
the dry asphalt pavement surface and the temperature of the
water in the on-board watering system tank. Weather condi-
tions are logged, including ambient temperature, wind
velocity and direction, and the general sky condition
(sunny, overcast, etc.). The tire is lowered and loaded to
4,620 1bs.

4. Three warm-up laps are performed (35.7 miles) on the
asphalt track at a speed of 50-55 mph.

*More than one pass over the concrete surface is needed in order
to fit the traction test cycles onto the available length of this Tow-
friction surface. At 40 mph, three Tockup cycles are conducted with each
pass. At 50 mph, two lockup cycles are conducted per pass.

**A "dummy" tire must be installed in a complementary position to
balance side forces on the test machine.

15



10.

11.

12.

13.
14.

15.

16.
17.

18.

A pre-wet lap* is made, delivering 0.020-inch depth of
water at 40 mph and performing the following linear slip-
angle sweeps at a rate of 8 deg/sec: 0° to 20° to 0° to
20° to 0° (new tire only).

A data-recording run is made on the next lap while execut-
ing the slip angle sequence** shown in Figure 8a.

Step 6 is repeated, except at a speed of 50 mph.

The machine is stopped, the tire raised, and a calibration
of the instrumentation performed. The tire is inspected
for damage.

The machine is moved to the polished concrete test track
(skid pad), stopped, and the tire lowered and loaded to
4,620 1bs.

The test lane of the concrete surface is pre-wetted,
heading south, at 40 mph.

A data-recording run is made on the next lap, heading north,
while executing the slip angle sequence shown in Figure 8b
at 40 mph.

Step 11 is repeated (heading south).

Step 11 is repeated (heading north).

A data-recording run is made on the next lap, heading
south, while executing the slip angle sequence shown in
Figure 8c at 50 mph.

Step 14 is repeated (heading north).

Step 14 1is repeated (heading south).

The vehicle is stopped, the tire 1ifted, and a calibration
of the instrumentation performed. The tire is inspected for
damage. The temperature of the dry concrete surface is
measured.

A final measurement of the tread rubber hardness is per-

formed after the tire has been dismounted and cooled to
room temperature.

*A11 tests on the asphalt track are made with the test machine
moving in one direction (south).

**The s1ip angle sequence is selected to provide six "legs" of
swept s1ip angle—three upgoing and three downgoing. On the aspalt
surface, the six "legs" are achieved in a continuous, three-cycle, tri-
angular waveform. On the concrete surface, the six "legs" are achieved
by means of individual (two-leg) triangles.

16
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Figure 8.

SLIP ANGLE TEST SEQUENCE FOR TESTS ON:

(a) Asphalt Surface @ 40 & 50 MPH
(b) Concrete Surface @ 40 MPH
(¢) Concrete Surface @ 50 MPH
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In addition to traction measurements on truck tires, measure-
ments of the ASTM skid number were also made by TRC on the asphalt and
concrete surfaces before and after the test program.

The longitudinal and lateral test procedures were conducted over
a 13-tire sequence. Listed in Table 1 are the sequences in which each of
the coded tires was tested. The code letters indicate the following:

"C" represents a control tire

“RR and RL" represent Radial-ply carcass constructions
with Rib-type and Lug-type tread patterns, respectively

"BR and BL" represent Bias-ply carcass constructions
with Rib-type and Lug-type tread patterns, respectively

Table 1. Sequence in Which Tire Samples Were Tested.

Longitudinal Series Lateral Series
Tire Code Nos.: Control Test Control Test
Order Tires _Tires Tires Tires
1 Cl c9
2 BR-1 BR-1
3 RR-1 RR-1
4 c2 c2
5 BL-1 RL-1
6 RL-1 BL-1
7 c2 c9
8 ‘ BR-2 RR-6
9 RR-2 BR-6
10 Cl c2
11 BL-2 RL-6
12 RL-2 BL-6
13 C1 c9

18



2.3 Data Processing

The block diagram shown in Figure 9 describes the different stages
of data processing for both the longitudinal and lateral traction measure-
ments. The initial steps in both processing sequences are nearly identi-
cal, differing only in the amount of analog filtering used and the rate
at which data was digitized. The principal differences between lateral
and longitudinal data processing occur following the analog-digital con-
version, during the digital, "post-processing" calculations.

2.3.1 Longitudinal Tire Force Data Processing. The longitudinal
tire force data were filtered at 10 Hz through single-pole filters and
digitized at approximately 150 Hz. The variables digitized included
Tongitudinal force (Fx)’ vertical load (FZ), brake torque (Tb), rotational
velocity (w), and wheel translational velocity (V).

The digital processing involved (a) calibration of each channel
based on the zero, full-scale, and zero data signal levels which are
recorded before and after each tire test sequence and based on the known
load cell cross-talk sensitivities; (b) digital smoothing of each channel
by a simple seven-point moving average calculation; (c) local least-
squares curve fitting of each normalized ;raction (FX/FZ) versus longi-
tudinal slip data set in order to obtain normalized traction data at
specific values of longitudinal slip for subsequent averaging; and (d)
final averaging of all valid test repeats, at each slip level along the
way toward lockup, for each loading/velocity condition in the test series.

The Teast-squares curve-fitting procedure referred to above involves
performing a linear least-squares regression for four digitized pairs of
(FX/Fz vs slip| ) and calculating new data pairs of (F_/F_| vs slip| )

i i X2k k

at specified values of s]ip' from the regression. This regression pro-
k

cedure is repeated for the entire range of data from 0 slip to 1.0, shift-
ing by one point each time it is performed. The specific values of s]ipl
k

were in increments of 0.02 from 0 to 0.20 and in 0.05 increments from 0.20
to 1.0.

19
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A final average table was produced from a simple average of all the

individual FX/Fz vs slip| tables. Each final average table appears
k k

in a printout of the form shown in Figure 10, with a tabulation of SLIP

and MUX (2 Fx/Fz ). Brake torque (TORQUE) and longitudinal tire force
k

(FX) also are shown in Figure 10. The summary numerics appearing on the

right-hand side of Figure 10 are defined as follows:

TQAV is the average brake torque at wheel lock (= Fx - Loaded
Radius) in 1bs.

LOAD is the average vertical load prevailing just prior to a
brake application, 1bs.

VEL is the nominal velocity at which the test sequence was
conducted, mph.

MUPEAK is the peak value of Fx/Fz' from the final average table.
k

MULOCK 1is the Tocked-wheel value of Fx/Fz‘ from the final
k
average table.

RATIO is the ratio of MUPEAK to MULOCK.

Figure 11 shows the next page included in the printout which contains a
plot of MUX VS SLIP. The above numerics are duplicated at the bottom of
this page for convenience.

Figure 12 is an additional page from the printout showing values of

Fx/Fz from each of the individual Tockup cycles at the cited test condi-
k

tions, along with the value of slip at which each peak occurred. These
values are shown in the Figure 12 printout as MU-PEAK, SLIP@PEAK, and
MU-LOCK. Average values and standard deviations for the individual MU-PEAK
and MU-LOCK values are shown as the last two items on the Figure 12
listing.
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2.3.2 Lateral Tire Force Data Processing. Lateral tire force
data were filtered at 10 Hz through three-pole filters and digitized at
50 Hz. Four variables were digitized; namely, lateral force (Ey),

vertical load (FZ), slip angle (a), and forward velocity (V).

As in the case of the longitudinal force data, the digital pro-
cessing scheme involved (a) calibration of each channel based on the zero,
full-scale, and zero data signal levels which were recorded before and
after each tire test sequence and on the linear load cell cross-talk
sensitivities; (b) digital smoothing of each channel by a simple nine-
point moving average; (c) construction of individual normalized traction
(Fy/Fz) versus slip angle (o) tables for each positive-going and negative-
going "leg" of the triangular slip angle waveform; and (d) averaging of
the individual (Fy/Fz) versus o tables into one final average table. The
individual and average tables used a one-degree increment in slip angle
to describe the (Fy/Fz) versus o characteristic.

The printed output from the lateral force processing includes
(a) individual tables of'Fy/FZ versus o (one for each "leg" of the tri-
angular waveform of o), (b) the corresponding average table, and (c) a
print-plot of the average Fy/Fz versus o data.

Figure 13 shows a sample printout of an individual table. The
labels ALPHA, FY, FZ, and MUY correspond to slip angle (o), lateral tire
force (Fy), vertical load (FZ), and the normalized traction coefficient
(Fy/Fz)’ respectively. Figure 14 shows a sample printout of an average
table. The same column heading definitions apply to this table, with the
additional numerics defined as follows:

AVE. LOAD is the average vertical load prevailing just prior
to the initial slip angle application.

PEAK MUY is the peak value of (Fy/Fz) = MUY occurring in the
average table.

@ALPHA is the slip angle value corresponding to the PEAK MUY
value.
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ALPHA

o

o O

10.

10.

13

13.

14.

15.

19.

20.

o ©

©

©

FY

575.5
1046 .4
1339.3
1695 .4
1907.8
2183.5
2384.5
2528 .1
2528. 1
2614.2
2717.6
2832.4

2820.

©

2775.

o O

2775.

N
©
@
~
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Figure 13.

Fz

4620.
4713.
4560.
4661.
4451 .
4638
4649.
4724 .
4575 .
4507 .
4583 .
4604 .
4572.
4455 .
4426
4699 .
45717 .
4600.
4349

4491

Sample printer output--lateral force individual table.

MUY

© 0 0-0 O 0 O O O O 0O O ©0 O O O o o o o o o

‘o

o

. 125

.222

.294

.364

.429

.471

.535

.553

.580

593

.623

.627

.636

.643

.6314

.617

.610

BLOCK
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AVE. PEAK MUY is the average of the peak values of (Fy/Fz)
shown on the individual (Fy/Fz) versus o tables.

STD. DEY. is the standard deviation of the AVE. PEAK MUY value.

Finally, Figure 15 shows the corresponding print-plot for Fy/Fz
versus o from the average table.
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APPENDIX A
PROCESSED RESULTS OF LONGITUDINAL TRACTION TESTS

In this section, computer-processed results from the longitudinal
traction tests conducted on the eight test tires and five control tires
are presented. Results appear in the following form:

1) A table of values representing the averaged normalized
traction force, MUX, versus slip for the set of repeated
lockup cycles.

2) A print-plot of the average MUX versus slip curve.

3) A listing of the values of certain numerics summarizing
the traction measurements obtained in each of the indi-
vidual repeat Tockup cycles.

The presented numerics are defined in Section 2.3 of the technical
report. Altogether, each tire is represented in the data listing by four
sets of pages; that is, one set of pages for each of the four combinations
of surface type and test speed. Each set of pages includes the three
items cited above; that is, two tabular presentations and a plot of the
average MUX versus slip curve.

The traction data presentation is preceded by a table summarizing
the "condition data" pertaining to tire and weather conditions prevailing
at the time of each test.
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LE

Inflation Pressure, Shore A Rubber Pavement Temp. Water Amb. Relative Barometric Wind Comp. Wind

Tire Code psi Hardness °F Temp. Temp. Humidity Pressure Direction Velocity

Date Time No. Cold Hot Before After Asphalt Concrete °F Skies °F % in-Hg Degq. mph
6/10/81 11:05A c-1 85 94 49.8 50.8 68 71 55 Cloudy 67 78 28.6 315 10
6/10/81 12:52P BR-1 85 94 58.0 59.0 84 79 65 Cloudy 68 68 28.6 350 5-10
6/10/81 4:10P RR-1 90 97 54.8 60.7 87 85 55 Sunny 76 55 28.6 270 10-12
6/10/81 5:30P c-2 85 94 50.0 50.8 a7 86 62 Sunny 75 44 28.7 297 12-18
6/10/81 6:30P BL-1 85 96 57.0 57.3 80 84 57 Sunny 75 46 28.7 270 10-18
6/11/81 5:30P RL-1 90 104 62.1 59.6 78 76 55 Sunny n 47 28.9 180 4-7
6/11/81 7:28pP c-2 85 97 50.0 55.0 72 72 53 Cloudy 71 49 28.9 180 4-7
6/11/81 8:45P BR-2 85 96 57.6 60.6 71 70 54 Cloudy 70 50 28.9 180 3-5
6/12/81 7:15A RR-2 90 99 62.1 60.1 69 72 55 Pt. Sunny 67 61 28.9 151 6

6/12/81 8:47A c-1 85 98 49.8 50.8 74 n 56 Pt. Sunny 69 61 28.9 151 3-5
6/12/81 10:00A BL-2 85 98 57.6 56.2 79 76 55 Sunny 73 58 28.9 135 5-10
6/12/81 11:30A RL-2 90 103 61.7 58.2 82 82 61 Pt. Sunny 79 57 28.9 189 11-13
6/12/81 12:35p c-1 85 a3 49.8 50.8 82 82 64 Cloudy 78 53 28.9 198 12-14

Longitudinal Traction - Condition Data




Le*1

‘HdW 0° 0%

= 01ivy

3A

09°0

8°229%

A0 NN €8°0 = Mv3idnw

= QvVOo1 €°89655 = AVD1L

(J¥1) LWHLSV 13M

¢ I1C13UdWVS 1S 31

1

0°20L¢
92182
2*H948¢
$°9262
L°5L6¢2
$° 020t
2°890¢
8°021¢
L 6L1€
L°S%2¢
G°GltEe
L°10%€
€°86Y¢
9°909¢
9°L1L¢E
¥*1sle
2°Ll9¢
8°66G¢E
$¥°89%¢
6 *heee
8°LL1¢
s 8262
1°0%s¢
L1012
c°10s1
1° 428
0o°c
L E
12 3ul 1

4714 MIN

s

£°866GS
9° %669
Y 2LL159
1° 989612
9°e6028
8° 19484
1°66276
€°66926
2°%6826
6°06516
L°SELOG
6°¢8858
8°69888
9°66518
6°60198
1°18L1¢8
0°20008
S °88%L1L
¢ lLEYL
y°8121L
0°29699
c° 68919
L LlLES
$°809%y
B°689T€
EARA T4
20

JNnoyulL

*SudilIdy 9 HO04J3

b

3113 -V *v

L4

ERRE ]

19°0
49 °C
69°C
0L°0
1L°0
21°0
€L°0
s1°0
LL°0
61°0
18°0
€8°0
18°0
6L°0
11°0
€L°0
69 °0
79°0
95°0
9%°0
€€ 0
81D
Co*v
XNk

JU 30V dIAY

08°0

S$%°0
0%*0
Se*0
0€e°* 0
62°0
2o
81°0
91°C
%1°0
210
010
80° 0
90 °0
%0°0
0o
c°0

d1 1S

000032




101

ERE ALY

1

s

3T14MN Y 3714 G-V 1€°1 = 0Ol1lvy €8°0 = Mv3IdNW C9°90 = XI0W O0°C% = 13A 229y

dIS TYNIANLIINOT

*

S e gy TR P oy hag PSS Ume Gt g P N ey e P Bl bt gy S BEd g e A e
|
'

i
|
P gy A e Py Pty S bt T ey Gt S ey P et P ey e PO o . et O ey bt P hemt g b e R g gt M P ey e b BT g wem ™ bem
o

] et b g P VS by P B et gy D Sy e b e ey P P gy e P
t
*
*
'

T O

00C033



12o0°0
0s0°C

165°0

%$28°0

.
.

NOl1iv IA3Q

NOI LV AdQ

c9s°0
165°0
€29 °0
265°9
€19°0

L66°0

HIUI=-NK

0CGCoa4

U1S ONV 3NTIVA 39vY3IAV NIUT-NH

*01S ONV INTVA 39VYIAV NVId-NW

0820
ooz e
042°0
Goz°C
052°9
062 °0

AV IJCAIS

¥08°0
%11°0
698°0
QL2 °D
1€y °0
€68°0

AVId-NH



rAd ) 2 4 6°6%9%% 9% °0 0o°1

G°0€€2 G EELESS 25°0 S6°0

Goelez 1°12529 £6°C 06°0

56442 c*110014 $5°0 580

: 0°0152 €°vsligl 96°0 08° 90
8°1952 €°%949g 16°0 S1°0

ve0e9z 6°88068 65°0 0L°0

6°569¢ 1°%6684 09°0 $9°0

£°6512 €°69088 29°0 09 *0

€°€182 %°€L018 €9°0 66°0

S° %982 815868 %9 °0 © 05°C

$°8062 0°%95%8 $9° 0 Gv* 0

6°656.2 6°880€8 99°0 0%°C

4°200¢€ €E°€0E18 L9°0 : SE 0

1°960¢ 0°18261 89°0 0€£°0

0G°T = OILVY  9%°0 = YIOINW 69°0 = NI dNKW zerzie £°0689L 69 °0 g2 C
6°%81¢ E°%42v1 69°0 02°0

*HdW 0°0S = T3A  B8°899% = GVOT  6°6%9%% = AVDL . S°%0¢¢ $°19921 69°0 81°0
s°811¢ €°L1169 89°0 91°0

S *%00¢€ 2°10%59 99°0 %1°0

0°5082 L°zve19 290 Zi°c

0°6€92 Y L6%1S 85°0 01°G

(A CF (AL ¥4+ £6°0 80°0

Z2°%102 2°619¢€% yyeQ 90°0

6°L051 ! €°€92¢2¢ €€ 0 %0°0

5°ges 5°91291 61°0 20°0

0°0 0°0 co°0 U°0

X3 anovvoL X1 d11s

(JYL) LIVHASY 13M 1) 3yI11 °SAJ023I¥ S dUI § T4 40 JOvdIAy



201  31dNWVS 4 31 4MN S 37134 0-v 0s°1 = 011wy 69°0 = MV IINKW 9%°0 = MI0W 0°0s = 13A 8°899% = 74

00° 007V A d17S TVN10N1L19NO 0°0

*

S o iy P et gy T et P gy

o
()

<D
(S

*
g S b gy B et et bt T P g S T o bt B RSy P St et bt T e g, PeS e P g et T e gy

| S0 By g M N gy RS PN gy gy P R ey et P B g Mt bt b b P SRS gy BB et e g P S g b P et e g Y PRy e N St b gy N e gy
!
*
!
O x

{Jd1) L7IVHASVY 13M 192 341t



dw

120°0

%L0°0

65%°0

§69°0

2 NOILVIA3U

¢ NOILlVIA3Q

99%°0
92%°*0
LEY°0
89%°0
So% °0

AI0T-N

TULS ONV 3NnIVA

“a1sS GNV INIVA

coe°0
cuet o
062 °0
C91°0v
oy1°Q

AVIAJESINS

CCO3.

0

JOVYIAV NIOT-NKH

JOVYIAV AVId-TiW

619 °0
119°0
129°0
869 °0
918°0

AV Id-NKW



€L°1 = Ol1vY

*HdW 0°0%

T3A

$2°0 = MNIOMNW 2%°0 = MNV3idNW

2°26s8%

= avol L°1%622 = AVD1

(2dL) 3134INOD 13IM

*# €£CT13dHWYS 1S31

€

S* %601
€ 19¢e1
€T1eYl
s°86%1
8°1661

6°0091

0°¢591

o101
1°2%81
S°eLLl
»°86L1
0°6181
1°6e81
6°6981
1°8881
%1061
9°6881
0°el8l
1°0s81
001871
6°6%L1
8°£991
s°0ssl
6°86€1
S 6111
LI 87
0°0
X4
12 3411

3714 MIN

L*1%562¢
L1°%10%¢
0°9100%
1°18%9%
L°%02€S
2°LLl68S
L°89609
1°60%09
8°LGE6LS
¥°22286S
£°09CLS
%°818sS
8°8%%4s
6° 19624
1°0Llels
L°2S%6%
G°L10LY
S °YELSY
h°e8ery
C°9LHeYy
€E°%910%
Y°Ll%GlE
y°CLlYve
2°1%tLe62
9°6£0%2
¥*%99¢1
c°o

INdYO1

*SUdduld3y 9 d¥Ood

6

JTI4 U0-V xx*

6

%<9
1€°0
te 0
%e°0
9t 0
1e°0
8e* 0
6€°0
0%°C
0v*0
1%°0
1% 0
1% 0
c%°0
A ARy
Zv°o
%° 0
Z%*0
1%°0
o%°0
6t °0
Le* G
se°0
1e°0
G0
L1°0
gc* o
X(W

3113 JO FJIVHIAY

sy °C
08°0
sL*C
0L°0
$9°0
09°0
$6°0
0s °0
sY%°0
0%°0
Se°0
0e*0
620
0¢°o
B1°0
310
10
1o
610
80°0
90°0
¥0°0
c0°0
g°eC

d1 1S

GCTO33




€01

ERE LA M

€ 3114MN 6 3714 0-v  €1°1 = OlLvy Z%°0 = W3IdNW %¥2°0 = I0'INW 0°CYy = 13A 2°269% = 14
00°001 d11S IWNIONLIONDT 0°0

s et I e e et * 00

1 1

1 1

I 1

1 1

1 i

1 1

1 1

| » ]

1 1

1 1

] 1

* E I |

1 1

1 1

1 * * 1

1 * i

1 » » * 1

1 * * * 1

1 * * * 1
1 * * * * * x X ok % 1

1 * * |

I 1

I 1

1 1

1- -1

i 1

! 1

1 1

! 1

! 1

1 1

I 1

1 1

I 1

! I

1 1

1- -1

! 1

1 ’ !

I 1

1 1

1 1

1 I X

1 1 n

I I W

i 1

1 * 1

1 1

e ——mmmmmem e e et EE 01

G0C033



920°0

9¢0°0

6£2°0

8Z%°0

°

NOTLVIA3Q

NOT 1VIA30

zze o
€61°0
8%2Z °0
£52°0
152°0

16¢°0

H0T-NH

*alS ONV 4N7TIVA 39VY¥3AV NI0T1-NKW

*01S ONV INIWWA JOVEIAV NVIH-NA

00% °0
cse*o
02t*o
060
002* 0
0G6% °0

ANvidCdl S

08e * 0

68€°0

%0

1Ly °0

2E€EY "0

%9%°0

AV Id-NKW

L



0° 608 €°80L91 81°0 co°1

9°886 Z2°8ez08¢ €c*0 96°0
#°2s01 6°666%¢ %2°C 06°0
. L9111 gccevey 92°0 $8°0
?°6911 8°26609 92°0 08°0
11221 1°61%LS 82°0 sL°0
€°eBey 0°€9T66G 62°0 oL°0
5°9%¢1 G°L0L8S 0t°0 $9°0
E€°€0%1 Yo eellLs 1£°0 09 °0
8°y6%1 €°29%9% e o0 mmﬂc
8° 20651 2°22¢sS €e°0 05°0
s°Gs%6l1 1°809¢€s ve® 0 S%°0 M&
S°Hls 1 . 1°0eL1s se°0 0%°0 mw
* O
L°2861 9°t696% seE°0 SE°0 o
8°11s1 0°%8G6LY st 0 [ )
16°1 = 0Olivy 81°0 = MI0TH SE°0 = NVIHNW S° %461 8°G0Y4Y Ge°0 s2¢°0
S°0o1s1 1°0892Y% Ye°0 CZ° o
*HdW 0°0S = 13A $°966% = av0o1 €°80L91 = AVD1 €°20s1 BEYYTY €€ 0 81°0
2°66%1 0° 8%10% €€ 0 91 °0
1°%8%1 1°2218¢ €E®O0 %»1°0
1°%9%1 IR AR VA 2e 0 210
9°62%1 7°896%¢t T1e°0 o1°0
0°9%el € °9681¢ 62°0 80°0
s*rzel LAR W X.Y X L2°0 3C°0
2°%001 Y eBLl1Z ¢t 0 %0°0
L°929 . Yeelsyl s1°0 c0°0
0°0 c*0 co*o 0°C
X4 INdYLL X N 4178

(J¥1) 313¥INOD 1dM 10 3411t *SUdul3id 9 dud 01 3114 43 JOVHIAY



%01

ERE-1.1 43

A4 371 IMN o1 33 0-v 16° 1

00° 001

= 011V

] SE°0

d17S TYNIUNLIONOT

Ot ey pup P B gy S St N O bt g T W ey e P G Mt g M B gy bt P M Seet gy PO BN oy B B et P B g s O MO Bt gy B B g

= AV 3IJNNW g1°Cc =

A 00K

(Jd1) ALJYINOD 13M

c*Cs = T3A

* % & ¥ ¥

13 3411

*

D e pu P 0 gy e P g Y S ey B bt M g bt P by - B gy fomt 50 e by Py P et ey Be T g pom PO et o, S G P ey
— —

T X

060042



L20°0

1€0°0

6L1°0

2%€°0

: NOILVIAZO

2 NOI1vIA3d

0s1°0
1L1°0
oLY*0
g82e°C
191°0
881°0

ADDV-NKW

00C043

“ULS GNV 3NTVA 39VYIAV NI01-NW

“0L1S ONV 3NIVA 3OVH3AVY XVId-NKW

00e°0
0eil-o
0s%* 0
081 °C
cCcy* 0o
0ve*u

AVIdCIITS

s9¢e°0
Yee °0
»1e°0
00%° 0
ste 0
€9€° 0

AVId-NKH



9°¢89c 6°66159 co°0 0o°*1
6°16lL2 £€*L60Y9 29°0 $6°0
6°€68¢ 1°2L10L %9°0 06°0
8°6s06¢ €°e619L 69 *Q s8°0
1°%562 1°Se2l8 99° 0 08°0
8°666¢ 2°1eoo8 89°0 Gl°0
6° 6%0¢ 2°29%¢6 69°0 0L°C
2°s01le 9°8L8%6 GL* 0 $9°0
€°691¢ ¥°81s%6 L0 09°0
9°ledt s°91L¢E6 €L°0 S6°0
0°S0€EE €°0%8¢26 S1°0 0s°0
erelce L°1E816 9L°0 s%°0
c°6evtL . S*%ER06 8L°0 0%°0
6°10G€ 8°€8%58 61 °0 se°0
$°69s¢ zcoteLs og°cC 0e°0
9e°1 = O1I1vY 09°0 = MO0INW 28°0 = MNV3dNwW S°ee9¢e 6°61198 18°0 s2°0
%°911Le 8°011%8 18°0 0c¢°0
‘HdW 0°0% = T13A 6°029% = GvOo1l 6°6616s = AVDL S°L¥LlE I°v61e8 2¢8°0 81°0
6°99L¢ ¢ *e02es 28°0 91°0
9°121¢c ¥° 60861 18°0 %1°0
L°88%e 5°066cl 8.°0 rASEY
6° 492¢ $°00269 eL-o o1 °c
1°2¢c0¢€ 5°%50¢e9 1L9°0 80°¢C
€° 1962 B8°1062% 15°0 90°0
c°evyal 1°%6%8¢ 1%°0 $0°0
y°%e01 L A-TA ¥4 £C°0 ¢0° 0
0°0 0o°o0 oec*C 0°0
b INDYOL XKW d17S
(Jd1) 1TVHASVY 13M g 3¥ll °S0y¥02J34 ¢ d03d 12 IAN1I 4D JOVHIAVY

*2 SOT3IVWdWVS 1S 3L ] 3714 MIN 12 1114 a-v ax

00C044




so1

ERL1UAY

S

acccol

EREELL 1e 3714 O-V 9¢°1 = 0Ol1vy Z¢8°0 = MVIdNNW 09°0 = NIUVMW 0°0% = TIA 6°029%

d17S TYNIUNLTIONODT

*

ey T g gy B bt P gy

*

.-_—-—------——--_---——-t——-—--

!
*
*

|

* X % %

*
T bt s gy e S e s R b gy W R g Bt T et g b e O g M bt gy bt bt B gy bt P B s b

Py bme P o e M N gy g PN B b P N g, ey P e
*
*
*

=14

IS x

1
*H

<



1L¢0°0

€%0°0

965 °0

€Z8° 0

¢ NOILVIAZQ

o

00C04o

“Ud1S UNV 3NTWA 39V YIAY NI0TI-NKW

2 NOIAVIA3OQ °d1S ONV 3NTVA JIVYIAV WV Id-NW

615°0
009°0
676°0
0%9°0
689 °C

ADIT-0W

Cy1°0
062°0
00e°o
o»1 °0
U910

MV IdTdI 1S

98L°0
16L°0
618°0
[ 4: D]
%68°0

AVId-NW



s°8Lel 6°6%26Y 260 cecel

9°2esd 2° 65466 95°0 S6°0

9°%1s? 0° %1999 LS °C 06°0

) 6°¢t9Z L°€21%L 65°0 s$8°0
€°189¢ 1°2L1¢Z8 09°C 08°0

g°8elLe C*°0s006 19°¢C SL°0

o°t8Le 8°Lv1ce6 29°0 oL v

6°1%8¢ 6°1¢616 €9 °0 $9°0

€°1062 €£°88116 %9°0 09°0

0°656¢ 1°%8e06 99°0 $6°0

€°210¢ 1°66%68 19°0 06°0¢

% °el0e 9°8eY%868 89°0 SY* U

0*evie . 9°19¢2L8 69 °0C 0%°0

0°122¢ €°12098 oL°0 Se*0

2°90¢¢ €°1s%%8 Lo oe*o

LY*1 = 0Ol1VY 2% °0 = MNJ0INKN L1°0 = MVIdNW 1°00%¢€ a°88l¢es ¥1°0 s2°0
0°s8%e 2°91908 9L°0 0Z°0

‘HdW 0°06 = 13A 6°2L9% = QvO) 6°6%26% = AVDIL $°%0S¢E c*ote6l 112°0 81°0
§°98Yv¢ 9°68211 LL° 0 91°0

6°4%2%¢ 9°26061L 9L°0 ¥1°90

L°10¢t¢e 9°961112 %1 °C Z1°¢

0°201¢ ' 6°6%999 cL°0 c1°0

s*%i8cd 0°e2e09 ¢9 e 80°0

9°1L%2 $°9%12s %G6°0 90°0

s°v181 1°cs08¢ o%°0 %0° 0

1° 1201 L°%611c 2¢°0 200

0°0 c°0 i C 0°0

X INDYOL XKW di1s

(2L} LTVHCESY 13M Twd 341! 5040038 9 dOd 12 3104 49 39v:HIAY

00C047




201

ITVdH VS

9s ERBELL 12 314 OG-V 1%*1 = 0Ol1vy LL°0 = MNVIdNW 26°C = AJ01NW C°92s¢ = 13A 6°21l9% = 7
00° 001 d11S IVNIGNLIINOT 0°0
Bttt L L D Bl Bt B bttt Dt Ed It l e —_—————— —————————— ] * 0°0
1 1
1 1
1 . 1
1 1
1 1
1 1
1 1
1 I
1 1
1 I
1 L |
I- -1
1 1
1 1
1 1
1 1
I 1
1 1
1 1
1 * 1
1 1
1 1
1 1
1 1
1- -1
* * 1
1 » 1
1 » 1
1 L] * 1
1 * * * I
| * * 1
1 * 1
1 * * 1
I * * # 1
1 * 1
1 * * 1
I- * * -1
1 x % 1
1 1
1 1
1 I
1 1
I 1 X
1 . 1 n
1 1 W
1 1
1 1
] 1
et D i B ————ececaca- —_————— - - ——————— 0o°1
({JdL) LIVHJISY (3M 14y ¥l 1L

000043

Ny



010°0
150°0

B16°0

89L°0

¢ NO11VIA3Q

¢ NOILVIA3CQ

$056°0
$ES°0
L1s°0
916°0
11s°0
€26°0

A0 T-0KW

0000483

°01S OGNV 3NIVA 3JOVHIAV MNI01-NW

°01S ONV 3NIVA 39VHIAV NV3Id-NW

091°0
091°0
ozi*o
0B81°0
0%1°0
002 °0

Av3IdedIs

8%L°0
€G6L °0
€89°0
¥8L °0
i8L°0
6$8°0

AV3Id-NKW




** A-D FILE 25 NEW FILE 6 TEST SAMPLEILOT **

AVERAGE OF FILE 25 FOR 6 FPECORDS. TIRE BR1 WET CONCRETE (TRC)
SLIP MUX TORQUE FX
0.0 0.00 0.0 0.0
0.02 0.18 18260.1 839.2
0.04 0.26 26598,2 11L76.8
0.06 0.31 31789.2 1391,1
0.08 0.34 36233.8 1509.5
0.10 0.35 39310.6 1582.3
0.12 0. 36 41508.9 1625.3
.14 0.37 43105.5 1657.0
0.16 0.37 44536,9 1682.1
0.18 - 0.37 45761.9 1699.5 TQAV = 29104.2 LOAD = 4642.8 VEL = 40.0 MPH.
0.20 0.38 46893,3 1716.2
0.25 0.39 49532.4 1755.8 . MUPEAK = 0.41 MULOCK = 0.31 RATIO = 1.30
0.30 0.40 518l6.6 1799.0
0.35 0.41 53910.2 1809.1
0.40 0. 41 55859.0 - 1800.1
0.45 0.40 57716.2 1774.3
0.50 0.40 59309.1 1744 .5
0.55 0.39 60672.1 1715.1
0.60 0.39 61871.0 1688.6
0.65 0. 38 62533.9 1664.2
0.70 0.38 63067.7 1644.2
0.75 0.37 61015.6 ’ 1630.8
0.80 0.37 55642.0 L617.9
0.85 0.36 49799.7 1601.8
0.90 0. 35 43939.0 1566.3
0.95 0.34 37662.3 1508.3

1.00 0.31 29104.2 1386.0
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€50000

sLIP
0.0

0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
0.25
0.30
0. 35
0.40
Q.45
0.50
0.55
0. 60
0.65
0.70
Q.75

0.80

AVERAGE OF
MU X
0.00
0.27
0.47
0.57
0.61
0.65
0.69
0.72
0.73
0.73
0.73
0.171
0.69
0.66
0.64
0.62
0.60
0.57
0.56
0.54
0.52
0. 50
0.49
0.48
0.46
0.45

Q.43

FLLE

31

FOl 5 KECORDS.

TORQUE
0.0
26795.1
45232.5
56786.3
61771.5
66070 .9
69107.1
T1155.4
73364.5
75366.3
T7152.6
80557.9
82593.3
84098 .6
85173.1
86063.8
86660.8
87146.7
87611.9
86084.9
87913.5
84863.4
75990.1

65606 .4
59306.0
50956.4

40349.9

TIRE RR1
FX
0.0

1236.1
2151.3
Zbﬂi.D
2774.9
2902.4
3032.9
3148.0
3213.8
3231.8
3226.7
3185.4
3113.1
3020.7

©2925.4
2832.5
2741.1
2649.8
2562.5
2475.2
2390.6
2316.1
2255. 8
2194.0
2104.0
2040.1
1911,6

WET ASPHALT (TRC)

TQAV = 40349.9

MUPEAK = 0.73

LOAD = 4605.0

MULOCK = 0.43

VEL = 50.0 MPH.

RATIO = 1.72
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¢90000

sLip
0.0

0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
0.25
0.30
0.35
0. 40
0.45
0.50

0.55

0. 65
0.70
0.75
0.80
0.85
0.90

0.95

AVERAGE OF FILE

MUX
0.00
0.21
0.30
0.35
0.39
0.40
0.41
0. 41
0.42
0.42
0.42
0.43
0.43
0.43
0.42
0.42
0.41
0. 41
0.40
0.39
0.38
0.38
0.37
0.36
0.35
0.34

0.31

35

*% A-D FILE 35

FOR 6 RECORDS.
TORQUE
0.0
22626 .5
31667.9
37304.3
43498.4
45957.8
47889 .5
49703.1
51325.5
52728.7
53812. 4
55899 .5
57996.0
60092.3
61946 .8
63389.0
64641.1
65680.5
66587.,6
67480 .8
67541.6
65643.7
59991.4%
52178.4
47020 .4
40137.6

31354.2

NEW FILE
TIRE RR1
FX

0.0
942.6
1326.9
1571.9
1784.5
1833,2
1860.6
1887.0
1912.1
1929.6
1939.0
1948.2
1946.0
1927.6

" 1898.5

1867.1
1834.9
1802.0
L167.7
1732.9
1696.3
1665.3
1641.2
1615.3
1566.3
1516.9

1393.0

10 TEST SAMPLELLl ¢%

WET CONCRETE (TRC)

TQAV = 31354,.2

MUPEAK = 0.43

LOAD = 4592,7

MULOCK = 0,31

VEL = 40.0 MPH.

RATIO = 1.37
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SLip
0.0

0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.l6
0.18
0.2d
0.25
0. 30
0.35
0. 40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90

0.95

AV ERAGE OF FILE

MUX
0.00

0.16

0.26

0.34
0.37
0.39
0.40
0.41
0.42
0.43
0.43
0.44
0. 45
0.44
0.43
0.43
0.42
0.41
0.40
0.39
0.38
0.37
0.37
0.36
0.34
0.33

0.28

** A-D FILE 47 NEW FILE
47 FOR 6 RECNRDS. TIRE C2
TORQUE FX

0.0 0.0
17869 .9 T46.6
27674.6 1217.6
36255.5 1566. 4
40563.7 1699.9
43386.3 1775.8
454T72.6 1820.9
47312.3 1854.6
48873.0 1887.3
50197.0 1917.1
51325.2 1940.9
54026.8 1981.4
56291.7 1997.6
58317.3 1991.2
59952,6 1977.5
61385.8 1963 .4
62590.2 1942.1
63735.3 1912.2
64883.5 1873.2
65914.9 1829.6
66579.2 . 1779.6
64466.2 1735.0
58068.9 1689 .9
51334.7 1640.0
45248 .4 1576.8
39617.4 1526.7
29312.5 1304.0

13 TEST SAMPLE11S #*¢

WET CONCRETE (TRC)

TQAV = 29312.5

HUPEAK = 0.45

LOAD = 4751.9 VEL = 40.0 MPH.

MULOCK = 0.28

RATIO = 1.58
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MU -PE AK SL IPAPEAK MU-LOCK

0.541 0.250 0.274

0.401 0.180 0.2717

0.440 0.350 0.283

0.502 0.200 0.300

0.421 0. 300 0.260

0.384 0.300 0.271
MU-PEAK AVERAGE VALUE AND STD. DEVIATION : 0.448 0.061
MU-LOCK AVERAGE VALUE AND STD. DEVIATION : 0.277 0.014
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080200

SLIP
0.0

0.02
0.04
0.06
0.08
0.10
d.12
0.14
0.16
0.18
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0. 85

0.S0

AVERAGE OF FILE

MUX
0.00
0. 18
0;28
0.39
0.46
0.52
0.58
0.62
0.64
0.65
0.66
0. 66
0.65
0.64
0.63
0.63
0.62
0.61
0.60
0.59
0.59
0.58
0.57
0.56
0.55
0.54

0.50

55

** A-D FILE 55
FOR 4 RECNROS.

TORQUE
0.0
14077.5
25471.4
36042.8
43522.3
49127.6
54713.4
59208.0
62471.5
64934.5
67035 .4
710759.7
73269.7
14973.4
76425.8
T7792.3
78876.8
79875.1
80930.6
81879.5
81486.1
78580.9
71689.4
65491.7
$9544.3
53223.5

45250.0

NEW FILE
TIRE BL1
FX

0.0
804 .6
1342.3
1860 .5
2177.2
24217.5
2685.6
2873.2
2977.1
3029.1
3051.7
3028.0
2977.8
2924 .0
2876.7
2838.5
2802.5
2768.2
2732.5
2695.0
2664.3
2638.1
2614.4
2585.3
2545.1
2488.2

2338.5

15 TEST SAMPLELLT ##

WEY ASPHALT (TRC)

TQAV = 45250.0

MUPEAK = 0.66

LOAD = 4801,1

MULOCK = 0.50

VEL = 40.0 MPH.

RATIO = 1.31
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1.40 A-D FILE 61 NKWFILE L8 SAMPLE 120

RATIO

= 0.34

MUPEAK

= 0.24

MULOCK

50.0

VEL

4678 .4

FZ =
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** A-D EILE 70 NEW FILE 19 TEST SAMPLEL21 $¢

® AVERAGE OF FILE 70 FOR 6 RECORDS. TIRE RLL WET ASPHALT (TRC)
- sLIP MUX TORQUE F X
0.0 0.00 0.0 0.0
¢ 0.02 0.21 22894.0 994.6
. 0.04 0.35 37709.3 1685.5
0.06 0.47  48405.9 2213.2
0.08 0.58 58181.4 2690. 9
. 0.10 0.65 68187.8 3123.3
0.12 0.69 12527. 3 3292.0
“ 0.14 0.72 75571.8 3396.2
¢ ’ 0.16 0.74 78151.1 3454.7
0.18 0.75 80375.3 3485. 4 TQAV = 49874.9 LOAD = 4782.0 VEL = 40.0 MPH.
s 0. 20 0.75 82171.9 3491.1
0.25 0.76 85441.7 3460.8 MUPEAK = 0.76 MJLOCK = 0.49 RATIO = 1.55
0.30 0.75 87998.1 3414.4
S 0.35 0.75 89848.4 3373.4
gg 0.40 0.73 91147.7 "3325.3
gg 0.45 0.72 92108.1 3276.4
0.50 0.71 93007. 1 3222.1
0.55 0.69 93842.3 31568.0
0.60 0.67 94708.3 3089 .4
0.65 0.65 95541.5 3009.5
0.70 0.63 95640 .6 . 2923.5
0.75 0. 61 92374.4 2845.0
0.80 0.59 83313.8 2776.5
0.85 0.57 72308.6 . 2694 .4
0.90 0.55 668452 2579.8
0.95 0.53 59491.9 2495.1

1.00 0. 49 49874.9 2312.0
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0.0 LONGITUDINAL SLIP 100.00

F1 = 4735%.0 VEL = 50,0 MULOCK = 0.46 MUPEAK = 0.73 RATIO = 1.60 A-D FILE 7L  NWFILE 20
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860000

st Ip
0.0
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85

0.90

AVERAGE OF FILE

MU X
0.00
0. 14
0.21
0.24
0.26
0.28
0.28
0.29
0.30
0.30
J.30
0.31
0.30
0.30
0.29
0.29
0.28
0.28
0.28
0.28
0.27
0.27
0.27
0.27
0. 26
0.26

0.25

75

**¥ A-D FILE 75
FOR 6 RECORCS.

TORQUE
0.0
15340.4
23864.6
28249.0
31096.2
33637.7
35669.7
37365.7
38893.6
40343.2
41612.4
44473.5
46836.6
48875.5
50578.1
52145.1
53667.1
55002.9
56245.2
57388.6
58455.2
57664.2
53525.3
44619.3
38699.8
32659.5

24291.7

NEW FILE
T IRE RL1
FX

0.0
673.1
1006.8
1131.0
1205.7
1262.8
1290.6
1311.5
1330.8
1345.1
1357.5
1379.7
1378.8
1362.2
1345.6
1328.6
1313.7
1300.4
1288.0
1273.2
1255.2
1233.1
1221.8
1225.0
1216.9
1200.2
1132.0

<

21 TEST SAMPLEL23 **

WET CONCRETE (TRC)

TQAV = 24291.7

MUPEAK = 0.31

LOAD = 4730.6 VEL = 40.0 MPH.

MULOCK = 0.25

RATIO = 1.25
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T0T000

stip
0.0

0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
G.70
0. 75
0.80
0.85
0.90
0.95

1.00

AVERAGE OF FILE
MUX
0.00
0.15
0.20
0.23
0. 24
0.25
0.25
0.25
0.25
0.25
0.25
0.26
0.26
0.26
0. 26
0.25
0.26
0.25
0.25
0. 25
0.24
0.24
0.23
0.23
0.22
0.21

0.19

16

FOR 6 RECORDS.

TORQUE
0.0
17358.0
23674.0
28316 .4
31685.8
34352.0
36411.1
38010.1
39591.9
41013.9
42285.2
45152.6
47679.9
49981.9
52105.3
53962.8
55764 .4
57344. 4
58768.4
60195.2
61482.7
61513.6
58054.2
46154.17
37788.6
30377.3

20020 .8

TIRE RL1L
FX

0.0
698 .6
944.3
1063.3
1122.4
1142.2
1156.2
1164.2
1168.6
1168.7
1170.0
1171.3
1172.5
1170.8
‘1166 .4
1164.9
1167.6
1164.9
1153.6
1142.2
1126.7
1105.9
1078.7
1062.1
1035.2
970.5

886.0

WE ¢

INCRETE (TRC)

TQAV = 20020.8

MUPEAK = 0.26

LOAD = 4764.7

MULOCK = 0.19

VEL = 50.0 MPH.

RATIO = 1.34
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MU-PEAK
0.872
0.778
0. 772
0.808
0.718

0.780

MU-PEAK AVERAGE VALUE AND STO.

MU-LOCK AVERAGE VALUE AND STD.

201000

SLIPAPEAK
C. 300
0.200
0.160
0.200
0.160

0.180

MU-LNCK

0.602
C.499
0.540
0. 542
0.476

0.521

DEV IAT ION
DEVIATION

0.788
0.530

0.051
0.043



201000

sLIP
0.0

0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
0.25
0.30
0. 35
0.40

0.45

AVERAGE OF FILE

MU X
0.00
0.18
0.31
0.43
0.53
0.60
0. 64
0.65
0.65
0.66
0.66
0. 65
0.64
0.63
0.62
0.62
0.61
0.60
0.59
0.59
0.58
0.57
0.56
0.54
0.53
0.51

0.46

84

FOR & RECORDS.
TORQUE
0.0
19448.6
33721.6
44669.6
53707.8
61721.8
68443.8
72055.9
T4423.6
76246.9
T77406.9
19607.8
81734.6
83352.1
84686. 3
86036.1
87266.8
88427.4
89567 .6
90616.9
90498.2
87628.7
79980.7
72395 .6
65358.8
58202.4

47520.8

TIRE C2
FX

0.0
834.0
1462.6
2006.7
2452.5
2822.5
3056.4
3102.2
3119.9
3124.3
3110.4
3044.2
2975,2
2913.6
2866,.,0
2826.1
2790.3
2759. 6
2726.4
2690.7
265642
2622.5
2587.9
2547.1
2487.6
2415.6

2205 .0

WET ASPHALT (TRC)

TQAV = 47520.8

MUPEAK = 0.66

LDAD = 4857.5

MULOCK = 0,46

VEL = 50.0 MPH.

RATIO = 1.42
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801000

TIRE C2 WET ASPHALT (TRC)

1.0 —-——--- - ] ettt Dy e R e e e L LT
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Ul 1
X 1 1
I I
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1 |
I i
1 1
I- -1
I
_ '
1
_ [
I * % & & * I
I * * * I
1 * * * i
1 * * * * 1
I * * I
1 * *  §
1 * * [ |
I- * -1
I i
I *
1 1
I * 1
1 1
! I
1 1
1 I
I 1
1 * |1
1 1
I 1
- -1
I 1
I I
I * |
I I
1 | {
I |
I 1
I I
1 . 1
1 1
| : 1
0.0 * —cmemmec e e el et —-———1- ———— ————mem e e, e
0.0 LONGITUDINAL SLIP 100.00

FZ = 4857.5 VEL = 50.0 MULOCK = 0,46 MUPEAK = 0.66 RATIO = 1.42 A-D FILE 84 NWFILE 24 SAMPLE 126
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** A-D FILE 102 NEW FILE 29 TEST SAMPLE131l **

1 e ~ AVERAGE OF FILE 102 FOR 5 KECORDS. TIRE BR2 WET CONCRETE (TRC)
o SLIP MUX TORQUE FX
0.0 0.00 0.0 0.0
C 0.02 0.16 17474.1 734. 7
IS 0.04 0.27 28352.2 1224.7
0.06 0.31 34276.7 1422.3
¢ 0.08 0.32 37459.6 1490.0
¢ 0.10 0.33 39917.5 1538.3
0.12 0.35 41819.5 1585.5
« 0.14 0.35 43482.5 1633.6
. 0.16 0. 36 45273.1 1683.9
0.18 0.37 46877.4 1726.1 TQAV = 31575.0 LOAD = 4804.9 VEL = 40.0 MPH.
0.20 0.38 48281.1 1765.0
C 0.25 0.38 51262. 4 1808.1 MUPEAK = 0.38 MULOCK = 0.30 RATIO = 1.29
0.30 0.38 53731.6 1800.4
: o 0.35 0.138 55736.6 1800.2
( E? 0.40 0.38 57441.9 - 1796.8
Rg 0.45 0.38 59025.3 1787.0
( 0.50 0.37 60442.1 1767.6
¢ 0.55 0.37 61922.6 1752.7
0.60 0.37 63305.5 1731.3
' 0.65 0.36 64590.5 1703.0
0.70 0.36 64993.9 . 1677.4
0.75 0.35 62439.9 ’ 1656.0
0.80 0.35 56457.5 1638.9
0.85 0. 34 50572.1 1621.2
0.90 0.24 45153.9 1595.2
0.95 0.33 40234 .4 1576.2

1.00 0.30 31575.0 1418.4
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0¥T000

sLip
0.0
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.l16
0.18
0.20
0.25
0.30
0.35
0.40
0. 45
0.50
0.55
0. 60
0.65
0.70
0.75
0.80

0.85

AVERAGE OF FILE 125 FOR

MU X
0.00
0.21
0.35
0. 45
0.54
0.60
0.64
0.69
0.71
0.73
0.74
0.73
0.72
0.71
0.70
0.69
0.68
0.67
0.65
0.64
0.62
0. 61
0.60
0.59
0.57
0.55

0.51

*% A-D FILE 125

TORQUE
0.0
23613.8
37880.6
47562.9
56217.6
64118.6
68168.3
73663.1
T6318.6
78892.3
80948.5
83803.9
85742.3
87248.9
88384.1
89334.6
90249.9
91144.8
91956.1
92296.3
90851 .8
86501.4
80146.9
74030.3
68251.9
62557.0

53574.9

5 RECORDS.

NEW FILE
TIRE C1
FX

0.0
1047.0
1721.3
2211.7
2649.4
2967.1
3134.7
3374.1
3458,.2
3543.1
3567.6
3527.2
3468.2
3411.2
3353.8
3292.3
3225.2
3154.9
3082.6
3012.9
2948.9
2888.4
2828.1
2764.3
2696 .4
2626.8

2459.4

35 TEST SAMPLEL3T #*

WET ASPHALT (TRC)

TQAV = 53574.9

MUPEAK = 0.74

LOAD = 4934.6

MULOCK = 0.51

VEL = 40.0 MPH.

RATIO = 1l.44
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N
8&

** A-D FHILE 144 NEW FILE 41 TEST SAMPLEL43 *¢

AVERAGE OF FILE 144 FOR 6 RECORDS. TIRE B12 WET CONCRETE (TVRC)
sLie MUX YORQUE FX

0.0 0.20 0.0 0.0

0.02 0.16 16536.8 722.2

0.04 0.24 24937.0 _119.

0.06 0.29 30843.8 1364.3

0.08 0.33 35259, 2 1534.7

0.10 0.35 38590.8 1622. 4

0.12 0.35 41017.6 1661.1

0.14 0.36 42690. 3 1687.7

0.16 0.37 44037.0 1705.7

0.18 0.37 45347.8 1722.1 TQAV = 24916.7 10AD = 4779.6 VEL = 40.0 MPH.
0.20 0.28 46609.2 1739.3

0.25 0.38 49054.6 1779.0 MUPEAK = 0.39 MULOCK = 0.25 RATIO = 1.55
0.30 0.39 51163. 4 1801.9

0.35 0.38 53340.1 1797.5

0.40 0. 38 55229.5 © o 17718.1

0.45 0.37 56807.9 1745.1

.50 0.36 58177.2 1699.5

0.55 0.35 5941643 1654.6

0.60 .34 60442. 1 1609.4

0.65 0.33 61402.7 1563.7

0.70 0.33 61622.5 1519.8

0.75 0.32 59000 .6 1480.6

0.80 0.31 53941.5 1447.0

0.85 2.39 47056.1 1417.8

0.90 0.29 40767.9 1373.1

0.95 0.28 34523.1 1321.8

1.00 Q.25 24916.7 1164.5
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#a1000

¥ A-) FILE 152 NEW FILF 43 TEST SAMPLEL4S *¥

AVERAGE 0OF FILE 152 FOR 6 RECURDS, TIRE RL2 WET ASPHALT (TRC)
stip MUX TORQUE kX
0.0 0.00 0.0 0.0
0.02 0.23 22863 .6 1041.3
0.04 0.31 37002.8 1L706.4
0.06 Q.48 48648.5 22317.5
0.08 0. 58 58159.9 2695 .6
0.10 0.66 ) 65854.7 3060.1
0.12 0.69 70317.3 3219.5
N.14 0.71 73060.8 3326.5
g.16 0.73 75090.4 3400.7
0.18 0.74 17285.7 3445.6 TQAV = 51895.8 LOAD = 4713.8 VEL = 40.0 MPH.
0.20 0.74 78909. 6 3456.2
0.25 . 0.74 81658 .4 3434.9 MUPEAK = 0.74 ) MULOCK = 0.53 RATIO = 1.40
0.30 0.73 83732.4 3376.0
0.35 0.71 85428,.,2 3306.4
0.40 0.70 86846.1 ’ 3230.9
0.45 0.69 88055.8 3162.3
0.50 g.68 88993 .4 3099.6
0.55 0.66 8981l1.8 3040.9
0.60 0.65 90487.6 2985.5
0.65 0. 64 91073.6 2932.7
0.70 0.63 91517.1 2880.0
0.75 0.62 90523.8 2827.8
0.80 0.61 85350.1 27985.1
0.85 0.60 75903.8 2T49.6
0.90 Q.58 68641 .9 2684 .8
0.95 0.57 609T74.4 2628.2

1.00 N.53 51895 .8 2453.0
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¢RT0090

SLIP
2.0

0.02
0.04
0.06
0 .08
0. 10
0.12

0.14

0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
Q.70
6.75
0.80
0. 85
0.90
0.95

1.G0

AVFRAGE OF FILE 171

MUX
0.00
0.1¢
0.25
0.32
0.36
0.39
0. 40
0.49
0.41
0.41
0.41
0.41
N.41
0.41
0.40
0.39
0. 39
0.39
0.38
0.37
N.36
0. 35
0.34
0.33
0.32
0.31

0.217

FOR & RECORCS.

TORQUE
0.0
8169.8
18012.5
27213.7
33075.3
33979.0
36149.2
36383.3
36905.8
37565.0
38290.2
40623.2
43828.2
45950.9
4T7654.5
49613.3
51357.4
53005.3
54846.6
56985. 4
57820.8
55043.9
50105.8
43883.5
36988. 8
27730.5

20458.3

TIRE Cl
£
0.0
737.0
1150.8
1476 .6
1644.6
1752.6
1816.8
1840.2
1857.7
1873.7
1886.6
1900.3
1900.5
1884 .3
1856.6
1822.4
1800 .8
1782.1
1757.1
1719.8
1674.3
1632.4
1589.7
1540.9
1475.7
1411.9

1234.0

WET CONCRETE

TQAV =

MUPEAK - =

(TRC)

20458.3

0.41

LOAD =

MJLOCK =

4744.2

0.27

VEL = 40.0 MPH.

RATIOD = 1.53
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281000

¥x A-D FILE 172 NEW FILE 651 TEST SAMPLEL152 *=*

AVERAGE UF FILE L72 FOR 6 RECORDS. TIRE C1 WET CONCRETE (TRC)
sLip MUX TORQUE FX
0.0 0.00 0.G 0.0
0.02 G.16 13577.7 T16.7
0.04 0. 25 23254.7 1147.0
0.06 0.29 26913.4 1300.7
c.08 0.30 31252.7 1375.7
0.10 0.31 32884.9 1432 .4
0.12 0.32 34026 .6 1478.5
0.14 0.33 35929.,2 1525.1
0.16 0.34 38049.2 15€4.9
0.18 Q.35 39383.1 1584.1 TQAV = 14812.5 LOAD = 4682.7 VEL = 50.0 MPH.
0.20 0.35 39228.17 1596.3
0.25 0.35 38129.0 ) 1602.0 MUPEAK = 0.35 MULOCK = 0.21 RATIO = 1.65
0.30 0.35 38139.0 1579.6
0.35 0.35 38283.7 1548.3
0.40 0.34 40134 .0 1521.3
0.45 0.34 41722.6 1501.3
0.50 0.33 42747.8 1480.6
0.55 0.33 43588.7 1459.5
0.60 0.32 44369.1 1437.5
0. 65 0.31 45114.1 1416.9
0.70 0.31 46128, 3 1387.2
.75 0.30 45182.5 1350.8
0.89 0.25 41238.8 1312.7
0.85 0.28 33865.3 1272.2
0.90 Q.26 27186 .9 1209.1
0.95 0.25 204517.3 ) 1138.6

1.00 0.21 14812.5 980.5
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e

B6T000

SLIP
2.0

0.02
0.04

0.06

0.40
0.45
C.50
0.55
2.60
0.65
0.70
0.75
J.80
0.85

0.90

AVEFAGE UF FILE 180

MUX
0.00
0.18
0.25
0.29
0. 30
0.31
0.31
0.31
0.31
0. 30
0.30
J.29
0.28
0.27
0. 26
0.25
0.25

0.24

J.20
0.19
J.18
0.17

0.15

«% A-D FILE 1RO

FOR 7 PFCORDS.
YORQUE
0.0
12352.8
14610.4
23452.5
28164.9
32480.9
34785.3
36164.2
37149.2
37951.8
38761.1
40304.1
41013.8
41481.6
41971.0
42664.5
43417.4
44016.0
44300.9
42747.1
39394, 4
34855.8
30219.9
26024.17
21939.1
16858.2

-1142.9

NEW FILE
TIRE NHTSA
FX
0.0
814.9
1126.9
1316.4
1389.5
1435.0
1430.8
1414.1
1393.6
1370.8
1351.5
1295.5
1249.5
1208.8
1168.4
1130.7
1094.1
1057.3
1019.4
981.3
945.8
913.5
883.1
846.2
800.9
T64.3

678.4

53 TEST SAMPLELS6 *#*

WET JENNITE (TRC)

TQAV = -1142.9

MUPEAK = 0.31

IC
LOAD = 4726.2 VEL = #0508 MPH.

MULOCK = 0.15

RATIO = 2.09
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ulcoou

SLipP
0.0

0.02
0.04
0.26
0.08
0.10
0.12
0.14

0.16

0.30
0.35
0.40
0.45
0. 50
0.55
0.60
0.65
0.70
0.75
0.890
0.85

0.90

AVERAGE OF FILE 182
MUX
0.00
0.14
n.23
n.29
0.30
0.30
0.30
0.30
0.30
0.39
0.29
0.28
0.217
0.26
0.25
0.24
0.23
0.23
0.22
0.21
0.20
0.20
0.19
0.18
0.17
0.17

0.l4

¥ A-0 FILL 182

FOR 8 RECORDS.
TORQUE
0.0
-87046.1
-61624.5
-55750.0
-56453.0
-54289.7
-52424.5
-51993.0
-50375.7
-48247.8
-46631.9
-45117.2
-44959.9
-44924.1
-44611.4
~-44547.8
~44782.4
-45420.2
-47500.4
-51632.2
-57289.9
-63714.0
-70207.8
-T6706.4
-82789.2
-86090.1

-87234.3

NEW FILE
TIRE NHTSA

FX

0.0
850.9
1364.4
1754.4
1834.6
1858.3
1868.3
1865.2
1846.9
1826.1
1'801. 5
1734.4
1666.0
1600.9
1533.4
1470.9
1409.1
1351.6
1298.4
1249.1
1203.6
1161.8
1120.6
1073.5
1022.9
983, ¢

833.6

55 TEST SAMPLELS58 **

WET JENNITE (TRC)

TQAV = -87234.3

MUPEAK = 0.30

LOAD

MULGOCK

[]

6207. 1

0. 14

3¢
VEL = %89 MPH.

RATIO = 2.19
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