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INTRODUCTION
Background

In February 1970, a research proposal for this study was submitted
tothe Federal Highway Administration for approval under the Highway Plan-
ning and Research Program. In a letter dated June 15, 1970 to Henrik E.
Stafseth, State Highway Director, the proposal was ... approved for the
purpose of initiating the study.'' by G. D. Gibson, Jr., Acting Division
Engineer, Bureau of Public Roads. Mr. Gibson stated that before the sec-
ond year's work wouldbe approved, an expanded work plan for the remain-
der of the studyshould be submitted. Further, in meetings with represen-
tatives of the FHWA on October 29, 1970 and May 12, 1971, it was agreed
that temporary approval would be granted for extending the study past July 1,
1971, pending approval of the remainder of the project. Also, John Watson,
FHWA, Washington, D. C. asked that more information be provided des-
cribing Michigan's experience in pavement skid research. This report in-
cludes a discussionof Michigan's history in pavement skid research, a dis-
cussion of accomplishments during the first year of the HPR study, and a
description of planned work for the remainder of the study.

History of Michigan Experience

In 1947, the Research Laboratory began an active skid research pro-
gram when it investigated a 140 mile length of US 2 between St. Ignace and
Escanaba. Measurements were made using the stopping distance method;
that is by locking the brakes on a moving automobile and measuring the
stopping distance. As a result of the 1947 study, manufactured limestone
sand was prohibited from use in pavement surfaces and the pavement under
investigation was resurfaced.

In 1954, concurrently withthe General Motors Corporation, develop-
ment of a skid trailer began. The basic trailer, constructed from a sal-
vaged 1949 Buick chassis, is still used extensively. Appendix A describes
the equipment now usedby the Department for operational skid testing. The
program has mushroomed to its current status where the Laboratory makes;
an average of almost 8, 000 skid tests each year. Appendix B is a sample
annual report of skid tests; such reports have been published each year
since 1965. Prior to that time, reports of individual or groups of tested
projects were published throughout each year, as necessary.



Currently, pavements falling in each category listed below are test-
ed annually. The list is arranged in order of priority.

1) high-accident areas

2) special requests

3) experimental surfaces

4) new surfaces

5) surfaces after five years service.

Naturally, after so many years of pavement friction testing, questions
were generated which should have been researched. However, because of
the large number of tests required to complete the preceding list of opera-
tional demands, the Department's skid me asuring instrument was never free.
for use in research.

Finally, it was decided that a new friction measuring instrument must
be procured and, at least initially, used primarily for research. Planned

research was described in the proposal for Michigan Project 69 G-173, as
submitted to the FHWA.

ACCOMPLISHMENTS DURING PAST YEAR

Pavement Texturing

Although a study of textured pavement was planned for this project,
it was decidedto proceed with experimental texture finishing of a new con-
crete surface in July 1970. Since the proposal for Michigan Project 69 G-173
had notbeen approved in early summer, when texturing was to be done, the
work was outlined under Experimental Highway Construction Work Plan
No. 8 and Research Project 70 F-114, "Broomed Concrete Pavement Sur-
face. "

Under Research Project 70 F-114, experimental concrete finish tex-
tures were applied longitudinally and transversely with nylon brushes and
transversely withmetal combs. After comparingthe initial skid resistance
of the experimental surfaces with that obtained by Michigan's conventional
burlap drag, it was decided to modify Department specifications to require
transverse brushfinishing oncontracts letin and after 1972. For contracts
let in 1971, brush texture finishing is optional.

The initial report for Research Project 70 F~114 is included in App-
endix C. Textured surfaces will be tested periodically to determine wear



resistance, additional comb texturing will be tried, and the specified fin-
ish may possibly be modified again.

Acquisition of Pavement Friction Measuring Instrument

In order to carry out planned research, it was necessary to acquire
a pavement friction measuring instrument in addition to the one developed
and currently being used by the Research Laboratory. The existing instru-
ment was in almost constant use performing operationally required tests
and itdid not have the versatility necessary for planned research. The new
instrument, a General Motors Proving Ground Model 2 Coefficient of Fric-
tion Vehicle, was purchased from K, J, Law Engineers, Inc., Detroit,
Michigan. Specifications for the instrument, marketed by K. J. Law Eng~
ineers as a Model 965 Surface Dynamics Pavement Friction Tester, are
provided in Appendix D.

The instrument was delivered on April 28, 1971 immediately after
representatives of the Laboratory had completed a three day school con-
ducted by K. J. Law Engineers. Since the equipment has been received,
the majority of time has been spent making minor repairs and adjustments
on it.

Survey of Tire Characteristics

Since pavement friction values are a function of both the pavement
surface and the characteristics of the tire sliding over the surface, an in-
vestigation was made of tires used on vehicles in Michigan. A survey was
made of Michigan vehicles to determine what proportion of vehicles had
tires falling into the following categories:

1) Smooth tires
2) Snow tires
3) Studded tires.

Since each of the three items in the preceding list is known to affect
vehicle tracking and braking, a knowledge of the proportion of vehicles with
each type tire permits better application of pavement friction test results.
In a survey conducted between January 11 and February 19, 1971, tires
were found to exist proportionally in the following broad categories:

a) About 15 percent of all cars had at leastAone smooth tire
b) About 44 percent of all cars had snow tires
c¢) About 15 percent of all cars had studded tires.



A further breakdown of these data and details of the survey are given
in Appendix E, "A Survey of Vehicles Using Studded, Smooth, or Snow Tires
in Michigan. " Bills to prohibit studded tires in Michigan have been intro-
duced in the Legislature. However, until they are passed, annual surveys
will be made todetermine proportions of vehicles with studded tires as well
as those with snow and smooth tires. Tire studs are an important factor
not only with respect to effects on the vehicle using them but also because
of the pavement damage they cause.

Relating Pavement Materials and Traffic to Pavement Friction

Plans were to select pavements where friction had been measured for
the past several years and relate the change in frictionto construction mat-
erials and traffic. However, pavement surfaces have been damaged so rap-
idly since the introduction of tire studs, that this study must be revised.

PROPOSED WORK

Repair and Familiarization

First, operating problems with the newly acquired pavement friction
measuring unit must be solved. Steps havebeen takento provide additional
cooling of electronic components and defective parts are nowbeing replaced
or repaired. After the unit is repaired, familiarization will be continued.

Comparison of New and Old Units

When the operators have attained proficiency with the equipment, an
attempt will be made to relate its measurements to those made by the older
unit. Sites will be selected as follows:

Four sites with wsf coefficients less than 0. 35

Four sites with wsf coefficients greater than 0.65

Two Sites with wsf coefficients between 0. 35 and 0. 45
Two sites with wsf coefficients between 0.45 and 0.55
Two sites with wsf coefficients between 0.55 and 0.65.

Ol i LW N =
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Within each class of coefficients, pavement surfaces will be equally
divided between rigid and flexible. For site selection, coefficients will be
based on measurements made by the older unittraveling at 40 mph on a wet
surface.
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Testing procedure for each site is shown in Figure 1. All tests at any
selected site will be completed in the same day. Individual tests will fol-
low sequentially as soon as the pavement surface has dryed from the pre-
ceding test. A total of 336 tests will be made with 24 tests at each site.

Analysis of variance will be used to determine;

1) I a significant difference exists between measurements made by
the two instruments. If there is a difference, correlation bet-
ween the two units will be attempted with paired test values being
the random variables.

2) If a significant difference exists between measurements made by
the two sets of tires. If there is a difference, a further invest-

igation of this effect must be made.

3) If there is any interaction between test unit and pavement type.

Seasonal and Temperature Effects

Giles and Sabey (1) showed how wet skidding accidents varieddirect~
ly with mean monthly air temperature. Their work strongly suggested
that increasing temperatures resulted in lower friction levels. Other stud-
ies (2, 3,) have shown wet surface temperature to directly affect friction
values. There is disagreement regardingthe slope of the friction vs. tem-
perature curve; therefore, that relationship will be investigated in Mich-
igan. In addition to temperature, it has been suggested that other clim-
atological factors such as precipitation have affected pavement friction (3).
These factors will also be examined.

A length of concrete pavement that is closed to traffic is available
for use as a friction measuring site. A portion of this pavement will be
resurfaced with a bituminous mat so temperature and seasonal effects on
both rigid and flexible surfaces can be investigated. Both impending and
locked-wheel tests will be made at about two-week intervals except when
prohibited by freezing weather. The two-week interval between measure-
ments may be supplemented with additional measurements made whentem-
peratures are very high or before and after heavy precipitation. As a
means of investigating effects other than temperature and precipitation,
friction measurements will also be made on nearby pavements which are
open to traffic. Such pavements will be selected so that each has a sig-
nificantly different traffic density. This should provide information on
effects of such factors as traffic and de-icing chemicals. Times between



Randomly select order of test
speeds such that 3 pairs* of tests
are run at both 20 and 40 mph.

y

Randomly select the vehicle to
be tested first for each pair of
tests.

Conduct pair of tests.

¥

Have three pairs of tests been
made at each speed?

Have tests been made with
tires on trailer A exchanged
with those of B?

Exchange tires of trailer A

tests at thi ite.
with those of trailer B. End of tests at this site

*NOTE: Tests will be made in pairs. FEach pair will consist
of one test by each unit at the same speed and as close to-
gether in time as feasible.

Figure 1. Comparison of two pavement friction measuring
units, A and B at a test site.



tests onboth the control pavement and those opento traffic will be as small
as possible. A rain gage will be installed at the control test site so pre-
cipitation can be considered.

Aggregates and Traffic

Pavement friction and traffic volume data are available for the past
several years. However, great caution must be exercised in using hist-
orical data since surface damage caused by studded tires has altered past
traffic wear patterns. Tire studs were permitted in Michigan as a result
of a law passed in June 1967. However, bills have been introduced into
the State Legislature which would ban studded tires in Michigan. Although
it is likely that studded tires will be banned in the near future, the anoma-
lous effects on pavement friction have already been introduced. To mini-
mize the effects of tire stud damage, in our study, two approaches will
be tried. First, only historical data taken through 1967, when studs were
first introduced, will be investigated. There may be data for projects
where traffic-aggregate relationships have developed to a point where con-
clusions may be drawn. Second, pavements with data taken through the
present time will be investigated, but only when there is little or no visible
tire stud damage.

In total, about 40 pavements will be selected. An attempt will then
be made to relate rate of change of friction with traffic and aggregate.
Among the aggregate characteristics to be investigated are texture, shape,
size, permeable voids, and mineral composition. Because many of the
pits used in producing aggregates for the pavements under investigation
are no longer operating, many characteristics of the aggregates will be
evaluated by visual inspection and color photographs of each pavement.

Comparison of Impending and Locked-Wheel Skidding

Since the older Michigan pavement friction measuring device has
not been used for measuring impending skid values, no experience has
been attained on that subject. However, non-skid brakes are now available
on cars and may become very popular. Therefore, it is planned to simply
measure impending as well as locked-wheel friction values on most tests
made for other phases of this study. As part of the statistical analysis,
impending skid friction will be compared to locked-wheel and the poss-
ibility of relating it to speed, texture, etc. will be investigated.

Effects of Speed

Inthe past, friction measurements on Michigan pavements were made
at speeds of 20 and 40 mph. These speeds are unrealistic for measuring



friction on freeways where traffic may legally move at 70 mph. It is im-
portant, then, that investigations of roadway friction values include the
higher more realistic speeds.

Several past studies have shown the slope of the speed vs. friction
curve to be a function of pavement texture. We plan to evaluate existing
methods of texture measurement, select the most desirable one, and tryto
relate slopes of speed vs. friction curves to texture values. Individual
projects will then be inspected closely to try and determine whether tex-
ture may be intrinsically incorporated into a pavement through mix des-
ign or materials selection.

SUMMARY

Michigan began measuring pavement friction about 24 years ago and
has measured and accumulated historical friction data on pavements through-
out the State. However, because of operational priorities, the Michigan
friction test trailer has not been free for research use. Therefore, a new
test instrument has been procured for research and will be compared with
the older unit.

Also, during the past year, special textured finishes have been app-
lied to a pavement and initial evaluations made. A survey of the extent
of use of snow, studded and smooth tires has been completed.

Proposed work has been discussed in this report and a schedule is
shown in Figure 2.
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MICHIGAN DEPARTMENT OF STATE HIGHWAYS
EQUIPMENT FOR MEASURING
PAVEMENT SKID RESISTANCE

This report describes the equipment and procedures used by the Mich-
igan Department of State Highways for determining the coefficient of wet
sliding friction of pavement and bridge surfaces. The measuring system
is of the self-contained, towed two-wheel trailer type (Fig. 1).

Figure 1. Tow vehicle and skid trailer.

Tow Vehicle

The tow vehicle currently inuse (our fifth replacement) is a 1970 Chev-
rolet Tilt-Cab Model TE 51803 with a 97-in. wheelbase and a 366 cu in.
V-8engine. It is equipped with vacuum-assisted hydraulic brakes, hydrau-
lic power steering, and Allison automatic transmission. Advantages of this
vehicle include excellent sight distance from a relatively high cab, 360-
degree visibility, short turning radius, and sufficient power to pull the
trailer at a constant speed during tests.



Overall view showing (left to right) system controller, digital printer, monitor
scope, and two-way radio.

System controller with tone-generating speed controller (20 or 40 mph set-
point speed meter at left).

Figure 2. Dash-mounted control units.



Tow Vehicle Accessories

1'

2'

Body: special pickup type, 9 ft 6 in. by 7 ft 6 in. by 1 ft 6 in.

Water System: two tanks with combined capacity of 450 gal,
jointed by a 2~in. equalization pipe and pressurized to a reg-
ulated 35 psi, Water is spilled from two 1-in. pipes, at a
rate of 3.5 gal per test, in such a manner that it strikes the
pavement surface at a 45-degree angle in the trailer wheel
paths. Water release is controlled by normally closed, 12 vdc
solenoid valves.

Power Supply - Compressor Unit: Externally mounted package
powered by a 4 cycle, 12 hpengine (Kohler model K3015)driv-
ing a 12 cu ft air compressor (Quincy model 216) with 1690 cu
in. air tankand a 60 amp Delco alternator with full transistor
regulator and 12 vdc storage battery.

Instrumentation

1.

System and Cycle Controller:

This shock-mounted unit in the center of the vehicle dash-

board provides complete system control by either operator or
driver. The controls (illuminated push button type)indicate modes
and sequences of operation and provide system alarms. Figure 2
shows the layout of the units and a close-up viewof the controller.

The following is a description of the switch and indicator

functions,

(a) Right - Left wheel movement detector.

Two solid-state proximity switch amplifiers (Micro-
Switch No. 20 FLI) mounted under the truck dash are con-
nected to proximity switch sensors (Micro-Switch No. 204
FSI) mounted oneach of the skid trailer wheel backing plates.
A steel, ten-fingered disc connected to the moving wheel and
positioned in close proximity to the sensors provides detection
of any wheel movement greater than 36 degrees (Fig. 3). Ac-
tivation occurs only when skid tests are being performed, at
which time the sensor detection signal is presented to wheel
movement logic circuitry in the controller. If movement is
detected during the skid analarm light will be actuated which
identifies the slipping wheel.



Figure 3. Skid trailer wheel showing proximity switch sensor.

Alarm indication will be held until such time as the Man
Clear button is actuated or until the start of next skid cycle,
at which time the alarm is automatically cleared.

(b) Beacon, Brake, and Water Power Controls

These push buttons control and confirm power applica-
tion to the vehicle warning light and to the trailer brake and
water solenoids. Also Man Brake and Man Water push button
indicators are provided for system check out.

(c) Man On and Auto On Controls

The system operator may select either Man On or Auto
On mode of operation by push button. In the Man OnMode all
operations must be initiated by push button. In the Auto On
mode a Cycle Start push button initiates an automatic cycle




of operations~~the water solenoids are activated, 0.7 seconds
later brake solenoids are energized and power is held to both
for an additional 1.9 seconds to complete the skid test cycle.

(d) Other Controls

The controller also includes switch indicators for 115 vac
inverter and speed indicator operation., Speed is determined
by a d-c tachometer generator attached to the truck drive
train. Its output is compared toa stable push-buttonselected
reference for speeds of 20 or 40 miles per hour. A visual
null meter is also provided with the high and low set points to
provide high and low speed audible alarms. The normal op-
evation range of these set points is approximately + 0.5 mph.

2. Digital Skid Coefficient Recording System;

This conditioning and recording system was designed to pro-
duce a digital printout, in engingering units, of pavement skid
coefficients 0.2 seconds after a test completion. To retain the
malfunction detection properties of analogformat, a long-persist-
ence monitor oscilloscope is included in the system. This enables
the operator to view the complete analog signal which is being con-
verted to a digital coefficient. ‘

A typical 40 mph Michigan analog skid test record and timing
cycle is shawn in Figure 4.

A 20 mph record would he similar except that the breakaway
amplitude would be less and the "'start uniform sliding' point would
fall to the left, or earlier in the cycle, ’

The function of the digital system is to sense the start of the
skid cycle, then delay until the signal reaches the uniform sliding
area. Then at that point (t,) begin integrating the area under the
curve and continue integration until point t5 is reached. At that
time the integrated mean voltage is converted to a digital signal
and fed to the digital printer.

During the test period, the entire analog signal, including the
t4 and ty timing pulses, is displayed on the monitor screen.

Specifications for the system are attached.

B
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Trailer

The trailer was originally constructed from a salvaged 1949 Buick
frame, rear axle, and torque tube, with standard Buick braking system but
has since been almost totally modified. Figure 5 shows the trailer without
its sheet aluminum cover,

A. Trailer Specifications

1.

3,

Brake actuation system: 45-psi air pressure over hydraulic
(1,500 psi) pressure, activated by 12 vdc solenoids (Fig. 6).

Wheel suspension: coil springs and spring/oil shock-strut
damping (Fig. 7).

Tow hitch: oversized (house trailer type) ball-and-socket
hitch located 10-3/4 inches above pavement and transversely
midway between the wheels, 93.9-in. longitudinally forward
of the trailer axle centerline.

Cover: aluminum sheet, riveted together in sections and
removable in one piece.

Weight: 1,750-1b axle and 146-1b hitch. Weight is controlled
and distributed by lead cast over the axle.

Tires: standard 7:50-14 tire as specified in ASTM Designa-
tion E 249-64 T. Tires are used only for testing. For en-
route traveling, regular automotive tires are used to avoid
excessive wear on the test tires.

B. Instrumentation

1,

Torque tube. Two Micro Measurement 350-ohm No. Ed-DY-
250BG-350 strain gages are mounted ontop and bottom of the
vertical axis of the torque tube, 4-1/2 in, forward of the rear
torque tube shoulder (Fig. 8).

All cabling is selected to maintain high electrical insulation
properties under conditions of dampness and water spray,
particularly at strain gage connection points. Vibration and
shock are controlled by use of clamps or shock mounts.



Figure 5. Skid trailer, shown during re-
furbishing with cover frame in place prior
to mounting aluminum sheet cover.

Figure 6. Top view of brake actuation sys-
tem, showing master cylinder, pressure
diaphragm, control solenoids and pressure
gage.

Figure 7. Test tire and
trailer wheel suspension
system.

Figure 8. Torque tube,
showing strain gage mounting
area.



Calibration

A.

Equipment

1. Laboratory strain sensing and recording equipment

2. Calibrating platform with skid-resistant pads

3. Two (series-wired) load cells with connecting rods

4. Loading bar and supports

5. Loading chains and equalizing bar

6. Loading cylinder and mount

7. Electrically controlled hydraulic pump

Procedure

1. Anchor loading cylinder securely to floor

2. Positionloading platform appropriate distance (gaged by length
of loading chains) from, and centered upon, loading cylinder.

3. Place load cells with connecting rods between loading bar and
skid-resistant pads of calibrating platform.

4, Secure loading chains to loading bar in such a manner that
loading cylinder throw is sufficient to allow adequate move-
ment of skid-resistant pads. Adjustment can be made by
shortening or lengthening chain links.

5. Connect hydraulic pump to loading cylinder.

6. Placetrailer inposition onskid-resistant pads of loading plat-
form making certain trailer is properly aligned (tires parallel
to direction of applied load) and level.

7. Connect torque tube strain gage lead and calibration load cell

leads to recording equipment.



10.

11.

Proceed with desired calibrating measurements by locking
truck and trailer brakes and applying auniform rate of loading
with hydraulic pump until trailer tires slide on skid-resistant
pads. Repeat loading procedure until at least three successive
similar traces are recorded.

Following loading procedure, a calibration load equivalent
must be recorded for the balance resistor (660 K) to deter-
mine an equivalent coefficient of friction for 'black box' bal-
ance gain adjustment and printout.

Determine the relationship between load cell output (1bs) and
torque tube output by taking a reasonable number of simulta-
neous points from each recorded trace. Use this relationship
to establish the drag force in pounds represented by each in-
crement of torque tube output.

Complete calibration by determining torque tube output (drag
force) representing various values of g in the following equa-
tion:

" where:

12.

i =  Coefficient of sliding friction

i

Fd drag force

Fn = normal force

h = height of center of hitch ball above ground level in
inches.

Lw = horizontal distance from hitch ball centerline to
trailer axle centerline in inches.

Using the same equation, compute equivalent y value for the
balance resistor and adjust "black box'" gain to produce re-
quired digital print out. Figure 9 shows the system calibra-
tion set-up.

-10-



Figure 9. Calibration of skid system.

Determination of Valid Skid Coefficients

A.

Field Testing Procedure

1.

Speed is determined by the testing situation. For intersections
and short test runs, a 20 mph speed is used; for open areas,
40 mph. Speed measurement control is calibrated at 20 and
40 mph. At other speeds it is necessary to use the backup
speed-indicating instrumentation. All data are reported as
40 mph wet sliding friction values. Conversions from 20 mph
are based on conversion factors determined experimentally
from 10, 20, 30, and 40 mph skid tests on both concrete and
bituminous pavements.

At intersections, conduct at least three tests inthe last 200 ft
of each lane (the '"'stopping area'') in such a manner that the
same pavement is not included in more than one test. (For

example, divide the last 200 ft into thirds and conduct one test
in each third.)

-11-



3. At other locations, determine the minimum number of ran-
domly selected tests from the following table:

Usable Length Minimum Tests
(miles) per lane
0-3 3
3-4 4
4-5 5
5-6 6
6-7 7
7-8 8
8-9 9
9-10 10

Drive over each project prior totesting inorder to determine
the amount of usable mileage available.

B. Verification of Test Results

The following table established the degree of variationwith a given
test series that is acceptable without the necessity of additional tests:

UPPER CONTROL LIMITS FOR SKID COEFFICIENT RANGES

Probability of | Average Number of Samples*
Exceeding Skid -
Range Coefficient | 3 4 5 6 7 8 9 10 | 11 12
0,050 0.0 -0,19 .,048 ,051 .053 .055 .059 .062 ,064 .0G64 .066 .(68
0.025 0.20 -0.33 .068 ,062 .064 .087 ,067 .069 ~ ,071 .074 .074 ,076
0.010 0.34~-0,46 .065 ,067 .072 ,074 .077 ,077 .079 ,081 ,081 ,084
0.005 0.47 - 0.52 .072 ,074 .077 .077 .079 .081 ,081 .084 ,084 ,086

0.53-0.65 .083 .085 ,087 .089 .091 .,091 .093 .095 .095 ,097

* Values in the "Number of Samples' columns arc¢ expressed in coefficients of friction
(#) and indicate the maximum allowable differences between highest and lowest read-
ings~~in other words, the ranges.

1. If a series of tests (S;) exceeds the maximum acceptable
degree of variation, or upper control limit, run the following
checks;

a. Check for a physical explanation inthe surface tested. If
an areaof surface difference canbe established, it should
be tested separately.

-19-



NOTE:

b. Check for  malfunction of equipment. If found, note and
correct, and re-run all tests affected.

c. If neither a surface difference nor equipment malfunction
is indicated, repeat the test that produced the 'out-of-
control' range (this will usually be one of the three tests
run and will be obvious in that its value will be signifi-
cantly different from the other two). If the significantly
different value is verified as correct, run a complete
second test series (S, ), using particular care to test
different areas from those tested in S4. If the signif-
icantly different value is not verified as correct, conduct
at least two more tests in the same location and use the
average of the second test plus these two to replace the
aberrant S; point,

The above sampling and verification plan is designed such that

greater precision is required inthe lower, more critical, coefficient range.

Field Test Records

The following items of project information are to be recorded in the
field for each project tested.

A.

=0 mE Yo

Date

Temperatures (pavément and air)

Location and project number

Test number with digital skid coefficient

Tire pressure and tread depth

Intersection diagram (to be attached to field test record form)
Test speed and surface type

The following factors are known to effect skid resistance meas-
urements and therefore should be controlled if possible. If they
are not amenable to control their existence ina test project should
be recorded:

1. Test speed

a, magnitude

b. variation during test

~13-



Test tires
a. wear
b. pressure

c. temperature

Pavement surface wetting

Brakes: ability to keep wheels locked when braking

Geometric factors

a. grade

b. traffic or passing lane

c. lateral placement in lane
d. crown

Surface factors

a. oil drippings

b. soil, sand, or silt

Cc. painted traffic stripes

d. roughness

e. bleeding

f.  faulted joints

g. joint seal extruded or recessed

h. temperature

~14-



SPECIFICATIONS FOR
AUTOMATIC, TRANSISTORIZED DIGITAL OUTPUT SYSTEM
FOR PAVEMENT SKID MEASURING EQUIPMENT

Input:

Bridge Completion Resistors:

Balance Control:

Calibration:

Bridge Excitation:
Gain Control:

Test Control:

Outputs:

Half bridge, 3560-ohm gage (customer
supplied).

Built in.

Front panel, screwdriver adjust
(coarse) and locking knob (fine).

Built in, front panel switchable re-
sistor.

10 volt de.
Front panel, screwdriver adjust.

A test push button provided which
simulates atrigger point to be utilized
during calibration.

(a) A 3-in. monitor osciloscope with
P-7 long persistence CRT, triggered
by the startof strain gage bridge out~
put and giving a single sweep for each
test. Sweep speed 0.5 to2,5 sec (3.0
to 15 cm/sec) and vert, amp, as re-
quired.

(b) Marker pulses to be added to the
bridge output at the beginning and end
of recording interval for display on
monitor CRT only.

(¢) A three digit printout, in skid
coefficient units accurate to 1 percent.
This printout is the result of digitizing
the integrated value of the bridge out-
put during the indicated recording in-
terval. Filtering to remove the ef-
fects of superimposed ripple and noise
is used only at the CRT monitor.

-15-



Initial Delay and Recording Interval: System provides for two operating

System Trigger:

Power

Mounting:

Temperature:

Accuracy:

positions, each having independent
initial delay, integrating time and gain
control. Internal screwdriver con-
trols to permit the adjustment of both
the initial delay and recording interval
over the range of 0.1 to 1 second.

Internal screwdriver threshold ad-
justment which automatically initiates
the testcycle by sensing bridge output
signal,

All power to be provided by a 12-vde
to 115-vac, 60 cps inverter or as re-
quired. Source current from battery
not to exceed 18 amps.

(a) Monitor oscilloscope and printer
mounted as a single remote unit with
shock mounts and provided with inter-
connecting cable, 8 ft long,

(b) The system electronics package
should not exceed 19 in. wide by 10 in.
x 12 in, deep, also being shock-
mounted.

(c) Inverter shock-mounted with con-
necting cables for remote mounting up
to 10 ft from electronics package.

All silicone semi ~conductors are tobe
used in system electronics including
scope, printer, and inverter topermit
storage upto at least 75 C and opera-
tion up to 60 C,

System accuracy of 2 percent over a
temperature range of 0 C to 60 C and
with line voltage changes of + 10 per-
cent.

-16-



Miscellaneous:

Interconnection Wiring:

Manuals:

Extender Cords:

Warranty:

Source:

All interconnecting cable betweensys-
tem packages is tobe provided includ-
ing mating connectors. The shielded
wiring between the strain gage bridge
and electronics package will be sup-
plied by customer.

Two instruction and service manuals
are to be included. These manuals
are to include system block design,
schematics, trouble-shooting voltage
and signal test point information, des-
cription of the system operation, and
the location of component parts and
circuit cards. Also, replacement
parts list.

An extender cord is to be supplied to
facilitate maintenance on circuit
boards.

This system will be guaranteed for all
failures and out of specification per-
formance, except abuse, for a period
of one year. Any faulty items will be
returned to supplier for repair or re-
placement at no cost to customer.

Michigan's Digital Output System
Information Instruments, Inc.
62 Enterprise Drive

Ann Arbor, Michigan 48106

(Approximate cost ~ $5, 800, 00)

-17-
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LEGEND

Direction of Test Vehicle

NB, SB, EB, WB etc. = Northbound, Sbuthbound etc,

Lane Tested (noted following direction of test vehicle)

RT
OL
CL
IL
LT
D

1l

right turn lane 3 or 2 = third or second lane from
outer lane (traffic lane) centerline or median
center lane

inner lane (passing lane)

left turn lane

deceleration lane



SUMMARIES OF MICHIGAN PAVEMENT SKID RESISTANCE
1970 TEST PROGRAM

INTRODUCTION

During the 1970 calendar year, over 6,500 skid tests were conducted
throughout Michigan. These tests are summarized in this report accord-
ing to the annual reporting procedure initiated in 1965. Skid levels for five
basic categories are included:

I Conventional Concrete and Bituminous Pavements
11 Pavements After Five Years of Service
I Experimental Pavement Surfaces

v High-Accident Locations
A" Special Request Tests

Explanatory remarks are presented at the beginning of each category
of tabulated data. All High-Accident Location tests and Special Request
tests have been previously reported to interested agencies within the De~
partment.

All skid test values are expressed as 40-mph coefficients of wet slid-
ing friction (wsf). A wsf value of 0.40 is generally considered the dividing
point between ''satisfactory' and 'unsatisfactory' pavement surfaces and
this has been arbitrarily defined as the Departmental Safety Standard.
Surfaces with coefficient values of 0.35 to 0.40 are in a "transitional'' or
"questionable" range. Projects below 0. 35 could be dangerous under wet
conditions, depending on prevailing speeds, road alignment, and geomet-
rics. Surfaces with coefficients of 0.20 or less are as slippery as packed
snow.* Reference should be made to Research Report No. R-585 (''Sum-
maries of Michigan Pavement Skid Resistance: 1965 Test Program') and
Research Report No. R-747 ("MDSH Equipment for Measuring Pavement
Skid Resistance, "' February 1971) for information regarding operation of the
skid-test device, selection of test areas, and verification of retests.

1 Moyer, Ralph A., "A Review of the Variables Affecting Pavement Slip-
periness, "' Proceedings of First International .Skid Prevention Conference,
1959.



SECTION I

CONVENTIONAL CONCRETE AND BITUMINOUS PAVEMENTS



CONVENTIONAL CONCRETE AND BITUMINOUS PAVEMENTS

SectionI summarizes skid tests representingover 1,100 lane miles of
trunkline surfaces tested during 1970.

Table 1— Concrete Pavements Constructed in 1969 and 1970

1969 Construction

Initial skid tests were conducted on113. 124 lane miles of concrete pave-
ment after a one-year service period. Wet sliding friction (wsf) values
ranged from 0.21to 0. 65 and averaged 0.48. Fourteen of the 71 lanes, rep-
resenting 14. 6 percent of the total lane mileage tested, yielded average wsf
values below the Departmental Safety Standard of 0.40. All four lanes of
Project M 23072-004, M 100 south of the Grand River in Grand Ledge, had
friction levels of 0. 34 or lower.

1970 Construction

During the initial service year, 24 lanes of concrete (79. 838 lane miles)
were tested. Coefficients ranged from 0. 37 to 0. 64 and averaged0.54. The
only lane which had an average wsf value below 0.40 was the NB#2 lane of
US 24 near 15 Mile Rd (Project Ms 63031-020). This lane represents 1.6
percent of the lane mileage tested.

Table 2— Bituminous Concrete (4.12) Constructed in 1969 and 1970

1969 Construction

After a one-year service period, 122. 354 lane miles of bituminous con-
crete were tested. Friction levels ranged from 0. 30 to 0.64 and averaged
0.47. TFour of the 46 lanes tested (2.1 percent of the total mileage) were
below the Departmental Safety Standard. All four of these lanes were on
Project Mb 12021-006. ‘

1970 Construction

Initial service-year skid tests were conducted on 444. 002 lane miles
of bituminous concrete during test year 1970. Only one lane, on Project
Mb 67051-002, located on M 115 northwest of M 66, yielded a friction level



below 0.40. This particular lane had an average wsf value of 0. 39 and rep-
resents only 2. 2 percent of the 1970 construction bituminous concrete tested
this year.

Table 3— Bituminous Aggregate (4.11) Constructed in 1969 and 1970

1969 Construction

Skid tests were performed after a one-year service period on 72.700
lane miles of bituminous aggregate. The 12 lanes tested yielded coeffic-
ients ranging from 0. 36 to 0.70 and averaging0.53. None of the lanes had
average wsf values below 0. 40,

1970 Construction

During the initial year of service, 40 lanes (220.642 lane miles) of
bituminous aggregate surface course 4. 11 were skid tested in1970. Fifteen
of the forty lanes, representing 12. 4 percent of the lane miles tested, yield-
ed average wsf values below the Departmental Safety Standard. Additional
testing of low friction lanes was conducted on 11 of the 15 lanes and the up-
dated wsf values reported as special requests 4, 6, 7, 8, and 13 (Table 27).
Wsf values on four of the 11 lanes retested improved enough to exceed the
0.40 mark,

Table 4— Miscellaneous Bituminous Surfaces Constructed in1969 and 1970

NON-SKID SURFACE TREATMENT

1969 Construction

Only one NSST project (5.6 lane miles) was tested this year. Coef-
ficients ranged from 0.53 to 0.59 after a one-year service period, and
averaged 0.56.

STONE-FILLED SAND-ASPHALT AND SIMILAR SURFACES

1969 Construction

. Wet sliding friction coefficients were determined on four stone-filled
sand-asphalt surfaces during their first service year. Coefficients ranged
from 0.28 to 0.69 and averaged 0. 48, Six of the 16 lanes tested, 13.5 per-
cent of the lane miles, yielded average wsf values below0.40. Allsix lanes
were on US 24 (Telegraph Rd) at Warren Rd, Project Ms 82053-045.



1970 Construction

All 12 lanes of stone-filled sand-asphalt checked in 1970, during the
initial service year, had average wsf values above the Departmental Safety
Standard. Coefficients ranged from 0.40 to 0.64 and averaged 0.52 on the
86.002 lane miles tested.

Table 5— Conventional Concrete and Bituminous Pavement Summary

During test year 1970, the average of the average coefficients for each
surface type was above the Departmental Safety Standard. Outstanding fric-
tion level characteristics (coefficients of 0.50 or higher) were determined
for initial year concrete, one-year bituminous aggregate, one-year non-skid
surface treatment, and initial year stone-filled sand-asphalt.
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TABLE 5
CONVENTIONAL CONCRETE AND BITUMINOUS
PAVEMENT SUMMARY

Service Year Total Total Average
Surface Type When Tested Lanes Lane Miles | Friction
Tested Tested Level
Concrete Initial 24 79.838 0.50
Concrete 1 71 113.124 0.43
Bituminous Concrete Initial 106 - 442, 302 0.44
Bituminous Concrete 1 46 122. 354 0.47
Bituminous Aggregate Initial 490 168.642 0.42
Bituminous Aggregate 1 12 72.700 0.53
NSST 1 2 5,600 0.56
Stone -filled Sand- Tnitial 12 86. 002 0.52
asphalt
Stone-filled Sand-~ 1 14 99.163 0. 48
asphalt
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SECTION II

FRICTION LEVELS DETERMINED FOR PAVEMENTS
AFTER FIVE YEARS OF SERVICE
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FRICTION LEVELS DETERMINED FOR PAVEMENTS
AFTER FIVE YEARS OF SERVICE

Tables 6 through 9 contain skid test results from 35 portland cement
concrete projects consisting of 94 lanes (220.576 lane miles) which were
constructed during 1965. Initial-year skid tests were conducted on 13 of
these projects and resulting wsf values averaged 0.53. Nine of these pro-
jects, tested in1966 after one year's service, had an average coefficient of
0.47. Twelve projects were first tested during their second service year
(1967) and, at thattime, had an average friction level of 0.45. The remain-
ing 1965 construction project was not tested until 1968, the third year of
service, and it had an average coefficient of 0.49. After five years of ser-
vice, these same 35 projects were retested and 19 of the 94 lanes, repre-
senting 18. 8 percent of the total lane mileage, showed average coefficients
below the Departmental Safety Standard. Projects U 30032A, C1; F 50022A,.
C5; U 13121G,C6; U 73073B, C9; and U 70012B, C2 had average five~year
values below 0.40 on all lanes tested.

Tables 10 through 12 list skid test results of 37 bituminous concrete
projects constructedduring 1965. In all, 95 lanes (419,579 lane miles)
were tested. Average coefficients of wsfdetermined in the initial and after
~the first and second service years averaged 0. 48, 0.44, and 0. 35, respec-
tively. Eight of the 37 lanes produced average five-year friction levels helow
0.40. These eight lanes represent 8.0 percent of the total lane mileage
tested.

Four of the bituminous aggregate projects, shown in Tables 13 and 14,
were skid-tested during their initial service year and 9 were tested after a
one-year service period. Average wsf values were 0.48 and 0,43, respec-
tively. Excellent friction levels were determined on these projects after a
five-year service period. Average coefficients on all 158,152 lane miles
tested were above the 0.40 mark, ranging from 0.49 to 0. 73.

Seven non-skid surface treatments constructed during 1965 and shown
in Table 15 were first tested after a one-year service period. At this time,
although the average NSST friction level was 0.45, five of the 20 lanes (31.6
percent of the total lane mileage) exhibited friction levels below 0. 40, Skid
tests conducted after the fifth service year averaged 0.52. All five lanes
which were below the Departmental Safety Standard at the one-year service
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level tested above 0.40 at the five-year level. However, average coeffic-
ients on the M 131 portion of Project Mm 6SC-4B, located between Middle
Village Rd and a point north of Robinson Rd in Emmet County, decreased

from 0.61 to 0. 38 and from 0.59 to 0. 38 on the north and southbound lanes, '

respectively.

Portland cement concrete, bituminous concrete, bituminous aggregate,
and non-skid surface course pavements which were constructed in 1963,
1964, and 1965, and which had skid tests conducted at the one- and five-year
service level, were selected for further study. Correlations determined
between one- and five-year wsf values make it possible to estimate, within
certain confidence limits, a five-year friction level from a one-year value.
The following is asummary of determinations made from 395 lanes studied.

Portland Cement Concrete

One hundred thirty-one portland cement concrete lanes yielded an av-
erage one-year wsf value of 0.53. The average five-year coefficient was
0.51 or 0.02 lower.

Bituminous Concrete

The average one-year friction level determined on 200 lanes of bitumin-
ous concrete was 0.46. The average five-year value was 0.52, thereby
indicating an increase of 0. 06 in skid resistance after four additional years
of service.

Bituminous Aggregate

Atthe one- and five-year service level, average coefficients of 0.50 and
0.58, respectively, were determined on 44 lanes of bituminous aggregate
pavements.

Non-Skid Surface Treatments

To date, only 20 lanes of non-skid surface treatment projects have had
one- and five-year skid tests conducted. Test results show an average in-
crease of 0.07 after fiveyears of service. The one- and five-year coeffi-
cients averaged 0.45 and 0.52, respectively.

Linear regressions relating one- and five-year wsf values were com-
puted for concrete, bituminous concrete, bituminous aggregate, and non-skid
surface treatment pavements which were constructed during 1963, 1964, or
1965. Graphs shown in Figure 1 have the following information for each
surface type.
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a) Equation of Best Fit Line— This line makes it possible to estimate
within certain confidence levels, five-year wsf values from one-year wsf
values. ,

b) Correlation Coefficient— The closer this figure is to 1, the better
the linear relationship between variables being compared. The closer the
number is to 0, the poorer the linear relationship.

c) Standard Error of Estimate— This is a measure of the confidence
level of the linear relationship found between the one- and five-year wsf
values and is expressed in terms of Y-scale units. The band formed by the
standard error will contain about 68 percent of the data.

d) Sample Size-— The number of lanes with average one-year wsf values
and average five-year wsf values.

Trends noted in last year's report, "Summaries of Michigan Pavement
Skid Resistance— 1969 Test Program, " are continued with the addition of
1970 test data. Traffic tends to polish portland cement concrete surfaces
and slightly reduce the skid resistance qualities after five years of service.
Bituminous pavements have surface oils flushed away and, in general, show
anincrease in skid resistance at the five-year level. Extrapolating friction
levels beyond the fifth service year, one might expect skid coefficients to
level off and gradually decline as exposed aggregates become polished.
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TABLE 16
PORTLAND CEMENT CONCRETE PAVEMENTS CONSTRUCTED
DURING 1965

Number | Number| Average WSF Value Range of

Test of of All WSF Values

Year .
Projects| Lanes OL IL Lanes | Low l High

1965 13 34 0.52 0.52 0.53 0.42 0.65
1966 9 23 0.45 0.49 0.47 0.36 0.58
1967 12 34 0.43 0.47 0.45 0.37 0.57
1968 1 2 ————  —=—=  0.49 0.47 0.50
1970" 13 34 0.38 0.48 0.42 0.31 0.53
19707 9 23 0.38 0.46 0.43 0.28 0.60
19702 12 34 0.40 0.48 0.44 0.32 0.67
1970% 1 3 ~——= - 0.44 0.38 0.55

M) Tnitial tests conducted in 1965.
(2) Initial tests conducted in 1966. '
®) Tnitial tests conducted in 1967.
() Initial tests conducted in 1968.

TABLE 17
BITUMINOUS CONCRETE PAVEMENTS CONSTRUCTED
DURING 1965

Test Number | Number | Average WSF Value W];}E_:'nselof
Year of of oL IL All atues
Projects| Lanes Lanes | Low | High
1965 22 51 0.46 0.50 0.48 0.37 0.60
1966 14 40 0.39 0.45 0.44 0.31 0.64
1967 1 4 0.34 0.36 0.35 0.33 0.37
1970t 22 51 0.44 0.48 0.50 0.37 0.71
19707 14 40 0.48 0.56 0.54 0.36 0.72
19702 1 4 0.40 0.43 0.42 0.39 0.45

() Tnitial tests conducted in 1965.
(3 Initial tests conducted in 1966.
(®) Initial tests conducted in 1967.
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TABLE 18
BITUMINOUS AGGREGATE PAVEMENTS CONSTRUCTED
DURING 1965

Test Number | Number| Average WSF Value Range 1°f
Year of of OL IL All ‘WSF pimes
Projects| Lanes Lanes| Low | High
1965 4 4 ———— === 0,48 0.45 0.51
1966 9 18 ——— ———— 0.43 0.29 0.59
1970t 4 4 ==~  —=-= 0,60 0.54 0.65
19703 9 18 ~——— --——  0.56 0.49 0.73

() Tnitial tests conducted in 1965.
®) Tnitial tests conducted in 1966.

TABLE 19
NON-SKID SURFACE TREATMENT PAVEMENTS CONSTRUCTED
DURING 1965

Number Number AVerage WSF Value Range Of‘
Test of of All |_WSF Values
Year . OL IL Low H‘ h
Projects | Lanes » Lanes ‘W 1g
'+ 1966 7 20 ——==  —-—==  0.45 0.26 0.61
1970t 7 20 ———=  -=—=  0.52 0.38 0.88

(1) Ipitial tests conducted in 1966.
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AVERAGE WSF AFTER FIVE SERVICE YEARS
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Figure 1. Relationship between one and five-year wet sliding friction values.
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SECTION III

EXPERIMENTAL FEATURES IN PAVEMENT SURFACES

-39~



EXPERIMENTAL FEATURES IN PAVEMENT SURFACES

Table 20— Rubberized Sand-Agphalt; US 31, City of Charlevoix

Except for 1962, skid tests have been conducted annually on the rub-
berized sand-asphalt surface which was placed on US 31 in October of 1960.
Table 20 summarizes these tests. The 1968 coefficients indicated an in-
creased friction level over the 1967 values. During1969, the friction level
dropped 0.05 to a level identical to that determined initially in 1960, The
1970 friction level decreased insignificantly by 0. 01 and this project con-
tinues to exhibit good skid resistance qualities, :

Table 21— 3 BC Sand-Asphalt Resurfacing, US 131, North and South of Alba
(Project Mm 4BC-3A, Control Section 05072)

Good skid resistance qualities have existed on this project since the 3 BC
sand-asphalt surface was placed in1964 and these qualities continued during
the 1970tests. Average wsf values, determinedafter six years of service,
ranged from 0. 57 to 0. 60, Friction levels still do not indicate a significant
difference in performance of the 85/100 penetration sand-asphalt using 6.9
percent bitumen and the 150/175 penetration sand-asphaltusmg 6.4 percent
bitumen; both have performed well,

Table 22— Bituminous Concrete Interstate Projects

This table presents the results of skid tests taken on a representative
sample of Interstate bituminous projects which were constructed during 1961
and 1962, The 1970average wsf values range from 0,55 to 0.74 and aver-
age 0.65 for the inside (passing) lanes and from 0,41 to 0,66, averaging
0.56, for the outside (traffic) lanes. Previously established trends were
continued this year as the inside lanes yield average friction levels 16.1
percent higher than the outside lanes with all values above the Departmental
Safety Standard.

Table 23— Bridge Deck Surface Coatings

Table 23 summarizes skid tests for five types of bridge deck surface
coatings placed on seventeen structures. Four structures (X01 of 110168,
B01of 45041, BO1 of 35032, and B04 of 06073) tested and reported last year
comparing types of coal~tar epoxy coatings have been deleted from this study.
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1. Coal-Tar Epoxy Coatings

The single structure currently being tested under this surface type is
B02 of 61151 carrying the northbound lanes of I 96BS and US31BR over Black
Creek, While initialtestvalues in1968 exhibited good skid resistance qual-
ities, the surface condition and frictional properties on this project have
deteriorated rapidly. After one year's service, average friction levels
had dropped 41 percent to 0.34. The average friction level determined in
1970 of 0.22 is 62 percent lower than the initial values and 35 percent lower
than last year's values.

2. Rubberized Bituminous Concrete

Five structures which were surfaced with rubberized bituminous con-
crete in 1967 were tested again in 1970 and yielded an average wsf value of
0,50. This figure is 3.8 percent lower than the average coefficient deter-
mined lastyear. Frictionlevels after the third service year have decreased
on all but two of the 16 lanes tested. Friction level decreases ranged from
0,01 to 0.07 while the two lanes with increased skid resistance averagea
0,025 rise in friction level.

Six structures surfaced in1968 were skid tested again in 1970, Initially,
friction levels ranged from 0.42 to 0.52 and averaged 0,45, After being
subjected to weathering and traffic for two years, wsf values ranged from
0.34 to 0.50 and averaged 0.44. Average coefficients at the initial, one-,
and two-year service level are similar, butby separating the structures into
two categoriesbasedon traffic volume a difference is apparent. Structures
in Category 1 bear an average daily traffic volume 20-percent lower than
Category 2 structures. Categoryi (BO1 of 61076, B02 of 61076, B03 of 61076,
and S04 of 61072) yield average wsf values 6.7 percenthigher atthe two-year
service level and Category 2 (516 of 82111 and S17 of 82023) yield average
wsf values 13,3 percent lower at the two-year service level.

3, Asbestos Mixtures

Two structures coated with bituminous mixtures containing asbestos
were tested for the fourth consecutive year in 1970; both structures were
coated in1967. Bridge B05 of 58152 had a rubberized asbestos and bitumin-
ous concrete mixture applied to its deck. Wsf values obtained this year
averaged 0. 50, continuing to maintain good friction levels after the third
service year. The northbound lanes of X01 of 81075 have been coated with
a mix comprised of asbestos and sand asphalt, while the. southbound has a
mixture of rubberized bituminous concrete and sand-asphalt. Lanes in both
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directions have slightly decreased friction levels this year. Average wsf
values determined in 1970were 0.57 and 0. 58, respectively, for the north-
bound and southbound lanes of X01 of 81075,

4. Polyurethane Coating

Bridge S18 of 82025 was coated with a special thin coating of polyure-
thane in 1968, Outside lanes averaged 0.49 after one year of service but
inside lanes had droppedtoa dangerously low average friction level of 0,18,
Betweenthe one- andtwo-year service levels, corrective treatment (main-
tenance repairs) has improved friction levels for this structure. Outside
lanes as tested in 1970 average 0.53, 20 percent higher than 1969; inside
lanes average 0.34, 88 percent higher than in 1969, Although the inside
lane friction level of 0,34 is less than the Departmental Safety Standard,
it is likely adequate for this location due to low traffic speeds necessitated
by right-angle roadway alignment at the west end of the structure.

5. Epoxy Coatings

Skid tests were continued at the one-year service level onS05 of 23081,
Friction levels for the north one-half, surfaced with E15-Versamid 140,
average 0.54, 18,2 percent lower than initial levels. Friction levels for
the south one-half, surfaced with Guardkote 250, average 0.50, 30,6 per-
cent lower thaninitial levels. Following one year's service, although drop-
ping considerably, friction levels remain adequate on both surfaces.

Added to this study in 1970 is the M 83 bridge over the Cass River,
BO02 of 73131, in Frankenmuth., This bridge was surfaced with epoxy mor-
tar in August of 1969 and initial testing was conducted at the one-year service
levelin1970. Average wsfvalues for 1970 range from 0,52 to 0. 60 indicating
good skid resistance qualities. '

Table 24— Experimental Skid-Resistant Resurfacing

Skid tests were continued this year at 16 experimental skid-resistant
resurfacing locations which were constructed in 1965. Five-year friction
levels were below 0,40 on12 percent of the 90 lanes tested in1970, Fifty-two
percent of the lanes exhibited average friction levels between0.40and 0. 49,
and 36 percent were 0,50 or higher,

For the fourth consecutive year, four of the experimental surface types

exhibit outstanding friction levels with average wsf values on all lanes 0,50
or higher. Included in this outstanding performance category are:
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1) 80-1Ib/sq yd sandstone plus asphalt: Control Sections 09033 and 09042.
2) 50-1b/sq yd quartzite plus asphalt: Control Sections 25072 and 25073,
3) 50~Ib/sqyd3BC sand plus hotasphalt emulsion: Control Section 81031,
4) 50~-1b/sqyd 2MS sand plus hot asphaltemulsion: Control Section 81031,

Average wsf values for each of the other seven mixture types range from

0.40 to 0,50, Performing the poorest is the 50-1b 3BC plus asbestos fiber
and asphalt experimental mixtures located in Control Sections 82052 and

82053. Here, eight of the 23 lanes tested have average five~year wsf values

below the Departmental Safety Standard.

The 80~Ib crushed fine aggregate mixture applied to the northbound lanes
of US 24 in August of 1968 continued to show a decay in skid resistance for
the second service year. Coefficients for all lanes of this surface type,
however, averaged above 0,40,

Table 25— Textured Concrete Pavement Surfaces; Northbound I 69

Three special textured surface sites were constructed as part of Pro-
ject I 13074001 to investigate different methods of texturing concrete pave-
ment surfaces and to evaluate their performance. These sites are located
on the northbound lanes of I 69, north of I 94 between Stations 2241+50 and
2289+50 and were specially textured in three ways: 1) transverse finish
using nylonbrushes; 2)transverse finishusing metal combs; and, 3) longi-
tudinal finish using nylon brushes. Total length of these special textures
was about 4,700 lineal ft of 24-ft roadway. The remainder of the project
was finished with a conventionalburlap drag. Table 25 summarizes various
texturing methods, locations, and their initial skid resistance values.

v



0961 129010Q ul Juroejang
YA ‘6G6T Iwwnsg ur paildde je00
[Ees AreloduIa) UO Pajonpuod S3€8L

~20€JINS JUSWSD
puepiod paysifod U0 1S9} TBHIU]

*%

16°0 it 0L61
*51]71} PUNOQIRNOS PUE YIIOU AL1IEd [[14 BOIE $59) 3} 1940 MO O1jJEI] 2Imny Apuenbesuoy ZE W 2570 i 6961
puz g9 Jy USeAgeq sauB| gy 1SWLIO) OU} JO UCHEUIWH® 243 UM ‘AEMpEol SUR|-0a} ¥ 0} PIUINI3L Usdq S8y TET SO ‘g9-ZT-TT 9AWOSHT « L5°0 - 8961
0¥ "0 = L96T
0¥ "0 = 9961
. (wow P50 - So6T
09°0 09°0 29°0 1970 ¥9°0 8970 89°0 €9°0 «AN/1I9S g -njiq jusdiad-79) ZEIN 9% 0 ———— $96T
gc-0 6570 980  G6°0 2ST0 9S50 0970 0S'0 .€S/109S (WOSWA o inaicven voyenoued GLT/0ST 03 BV IO N — 8g°0 2061
j10138Q) - R - 0¥°0 1961
P pue snojog (uow .
e 45 w0} SIMIXTW [: T ' . - 2570 0961
090 6S°0 €9°0 S9°0 390 89°0 9970 8970 HN/TIES : -m1q jusd1ed-6"9) AV 0 S -—— 8%°0 ++6G6T
180 9g*0 980 ¥S°0 0SS0 980 ¥S0 IS0 «€S/T0€9S uoyereuad 0QT/68 03 BUOTRIUEN — 61°0 +8S6T
0L6T 6961 8961 L1961 9961 §961 961 961 @I a1y
90 |. 4&op | eunp | Fmy | -ydeg | eunp | "0 | Lmp sury 1811 suoyeso] [e1eUan suojsellg 1za)
- pue : 2180133y juswa) Jeydsy :
UonolLg JUIPIS 1PM donoeIIq TeIoUIy BaIY 159, Uopotlg SUIpTS oM 1897,
10 JUSIOLIIR0)) B3RIaAY ) ) 10 3UBI01IIR0 ) 98BIaAy

Va1V J0 HLAOS ANV HLHON °T€

(2050 NOLLOES TOULNOD ‘Ve-0d¥ WA LOALOYL)
T S HONIOVAYNSTE LIVHISV-ANVS Od¢
Tg¢ H'IdVL

XIOATTHVHD d0
ALID ‘T Sa
ILTVHISV-ANVS
aizigaagdnyd
0Z II9V.L

A5



°L96T UL S1523 Jo 591198 g Jo 28vIaay (0
*X[UL 884100 Juifeas] uo passe], (e)
*soue| olyen pue Jurssed ejoULp TO PUB I (¢

€9°0 39°0 89°0(¢y38°0 13S0 09°0 880 9S°¢ ---— 8S°0 - IO (ST-14 1q) Ieydsy 3961 ¥y O
PLTO PLTO $LT0(gy0L°0 0L°0 SL°0  SLT0 €970 --—- 29°0 - I ng mp fig o104g 388H 3deg-Zny O}NBYIWIOS "TH G 0 629°2 60 ‘16091
99°0 L8970 8S°0 - 9S°0 0S°0 LSO 29°0 LSO PS°Q ---- - IO 1eydsy 2961 (pI014eD) 2 W j:e]
ZL°0 €.°0 99°0 0470 09°0 99°0 T1.°0 €9°0 6S°0 -——— -——m TI g UoISIMaIY uelIeds aung 03 N PY YuiIg S°1Ieqd S88°S ‘gD ‘e1089
9% 0 8¥°0 gv°o LE°0 SETO0 ¥P°O 8%°0 L¥'0 LP'0 --—- - 10 (5€~02 31D eydsy 28961 Py yarrg
860 39°0 8S°0 850 8¥Y°0 P¥9°0 89°0 6S°0 8S°Q0 -==— - i Axzeny uoly #eurdeg sunp 891I8YD ©} PY SHSIIBH
699°L 10 ‘61069

w0 8¥0 IP0 OFP°0 9e°0 FPO 0 S0 6%°0 -——— - IO (s€-02 1) eqdsy 1961
gg*p 88°0 2S°0 8S°0 6%°0 08°0 0.L°0 6S°0 LSO - - TI A1zEnd UOPY reurdeg 190 N surf -op 088830
990 0L°0 03970 $5°0 3S°0 6S°0 €9°0 IS0 9%°0 35S0 950 IO (8T-09 3Lg) UCHINIISUO] 1961 aury *0J
0L°0 EL°0 S9°0 9970 6S°0 99°0 €L°0 6S°0 1I9°0 09°0 09°0 I 31d 4pBRIDOW uojuIoyy, *3deg pIopmeId N 03 g9 PU 0D L8y €0 °ST1002

SLIN-8TIN
€90 99°0 6S0 ¥&°0 6v0 €S0 650 €0 ---- 8%°0 -~---—— IO (31g I IS) UOPINI U0 2961 0} ?Ury "0 PIOIMBID 10 ‘91002
L0 SL0 ¥9°0 ¥9°0 9S'0 €9°0 8970 8§50 --—- 1150 - I MIIYIS “HAHdI uojuIoqy, sunp-fepy  -UOWWOITFOYP JO § ‘TW §°0 €42°9 0 ‘P103L
750 €50 990 TF0 IP0O 8Y°0 LPO - smm= -=m= (IS0 IO (y-2¢ 11@) 2961
L8°0 S9°0 09°0 65°0 980 ¥9°0° 8§50 -—— ——=- mme= (23870 11 °0 2U03lg SIB[IEM Asrg-pety sunp-Aey Py PIowly 0% 19 I 8SL°9 €0 ‘PE08T
0L6T | 696T | 896T | L96T | 9961 9961 | P961 .mwma .nwma 96T | T96T e8e233: (esamo

Zny | cady v J010BIUO o . .
3 L ON
(1PUTI 98180, Sume Burresm) U010 cmSu 100lo
2I1L [eIsUsn 211 PuolsdIly ’ 30 201008 Meq poatg &1q o toag
UOTIOIIF SUIPIIS 1°Mm JO JUSIOII0) 98viaay

SLOFLOYd TLVISHIINI HLIYINCD SNONIANLIL
¢g HIdV.L

4 6=



TABLE 23

BRIDGE DECK SURFACE COATINGS

. vear Direction ' Average Coeffictent
Bridge Location on Type of Coating and of Wet Sliding Frictien
No. Coated -
Lane 1967 | 1968 | 1969 | 1970
BO02 of61151 196 BS, US 31 BI over Black Creek 1968 Flexible coal tar epoxy & sand NBOL 0,57 0,26 0.19
NBIL 0.59 0,42 0.24
BO1 of 09042 175 BL over Saginaw River in Bay City 1967  Rubberized bituminous concrete ~ EBOL, * 0.45 0,48 0.44
EBIL * 0.50 0,56 0.51
WBOL 0.48 0.43 0,41 0.44
WBIL 0,51 0.49 0,54 0.48
BO02 of 11052 US 31 - US 33 over St, Joseph River 19687  Rubberized bituminous concrete  NB * 0,38 0,47 0.40
in Berrien Springs SB 0,43 0,36 0,43 0.37
X0l of 19032 US 27 over GTWRR in St, Johns 1967 Rubberized bituminous concrete  NBOL 0.53 0.44 0,50 0.47
NBIL 0,56 0,50 0.55 0.52
SBOL 0,53 0,48 0,51 0,49
S8BIL 0,60 0,58 0,57 0.58
X01 of 38101 194 over Grand River and NYCRR, 1967 Rubberized bituminous concrete EBOL 0,52 0,49 0,55 0.51
Jackson EBIL 0,59 0,55 0,63 0,61
WBOL 0,54 0,43 0,51 0.50
WBIL 0.55 0.53 0,56 0.58
BO1 of 79051 M 24 over Cass River In Caro 1967  Rubberized bituminous concrete NB 0,53 0.48 0.56 0.51
SB 0,50 0,48 0.55 0,53
BO1 of 61076 M 20 over Muakegon River 1968  Rubberized bituminous concrete NBOL 0,46 0,49 0,49
NBIL 0.48 0,53 0.50
SBOL 0. 44 0,49 0,46
SBIL ——— 0,44 0,52 0.49
BO2 of 61076 M 20 SB over Cedar Creek 1968  Rubberized bituminous concrete ~ SBOL 0.44 0.50 0.48
SBIL 0.44 0.55 0,60
BO03 of 81076 M 20 NB over Cedar Creek 1968  Rubberized bituminous concrete NBOL 0,48 0,52 0,49
NBIL 0,45 0.54 0.53
504 of 81072 M 46 over US 131 1968  Rubberized bituminous concrete EBOL 0,45 0,45 0.43
EBCL 0,43 0,49 0.49
EBIL 0.45 0.54 0.50
WBOL 0,42 0,48 0,43
WBCL ———r 0.43 0,49 0.47
WBIL — 0,50 0.55 Q.50
816 of 82111 Grand River Ave (I 96 BS) over 1968  Rubberized bituminoua concrete EBOL 0.52 0,47 0. 46
. 1696 BS EBCL 0.44 0,43 0.40
EBIL 0.43 0,41 0.41
WBOL 0,49 0,49 0.47
WBCL 0,42 0,39 0.40
WBIL 0.43 0,41 0.41
$17 of 82023 Grand River Ave (I 98 BS) over 1968  Rubberized bituminous concrete EBOL 0,44 .38 0,35
194 EBCL 0.44 0,37 0,34
EBIL 0.45 0,40 0.36
- WBOL 0,50 0.43 0.40
WBCL 0.44 .37 0.36
WBIL 0,44 0.39 0.35
805 of 58152 175 over Newport Rd, Newport 1967 Rubberized asbeatos and EB 0,46 0,50 0,51 0.49
bituminous concrete WB 0,47 0.60 0,51 0.52
X01 of 81075 US 23 BR over Huron River, 1967 Asbestos mix plue sand asphalt NBOL 0,57 0,52 0.55 0.54
North of Ann Arbor NBCL 0.58 0.53 0.57 0.56
NBIL 0, 60 0.56 0,66 0.62
1967 Rubberized bituminous concrete SBOL 0,61 0,50 0.57 0.54
plua sand asphalt SBCL 0,59 0,55 0,864 0,59
SBIL 0,58 0.58 0,64 0.62
S18 of 62025 Allard Ave over I 94 1968  Special thin polyurethane EBOL —— 0,46 0.42 0,52
coating EBIL 0.40 0,16 0.34
WBOL —— 0.55 0.45 0,54
WBIL ———— 0,44 0,20 0,38
805 of 23081 Crietz Rd over 1496 1969  North half of deck only NB 0,67 0,54%%
E 15 Versamid 140 8B ———— 0,66 0,544
South half of deck only
Guard Kote.250 " NB —— ——— 0,75 0,82%*
SB ceeeemee 0,69 0,49
BO2 of 73131 M 83 over Cass River, Frankenmuth Aug Epoxy Mortar NBOL ——— - 0.867
1969 NBIL e 0,52
SBOL 0.60
SBIL -——— —— 0,56

* Not tested

** Average of spring and fall tests.
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TABLE 24
EXPERIMENTAL SKID-RESISTANT RESURFACING

Direction Average Coefficient of
(Slont?‘ol Location Construction Mixture Type Route and Wet Sliding Friction
ection Months 1966 :
! Lane 1965 1967 1968 1969 | 1970
Spring l Fall
09033 M 13 at Linwood Rd, Oct, 80-Ib Sandstone + M13 NBOL 0.71 0.49 0.43 0.50 0.51 0,51 0.50
N of Bay City 1965 asphalt M 13 NBIL 0,72 0,52 0,46 0.57 0.59 0,60 0.58
M 13 SBOL 0.73 0.49 0.45 0.54 0.54 0,53 0.55 |
M 13 SBIL 0.74 0.58 0,49 0.62 0.63  0.63 0.58 L
09033 M 13 at Grove St, N 8ept,-Oct  80-1b Sandstone + M13 NBOL 0.73 0.53 0,49 0.59 0,55  0.56 0.55
of Bay City 1965 asphalt M 13 NBIL 0.76 0,61 0.56 0.66 0.62 0,66 0.67
M 13 SBOL 0,75  0.51  0.44 0,40 . 0.43¢1) 0.52(1)
M 13 SBIL 0.76 0.55 0.51 0,42 * 0.44'1) 0.55(1)
09042 M 25 at Wagner Rd, E Sept. 80-1b Sandstone + M 25 EB 0,77 0,53 0.47 0.51 0.54 0,64 0.62
of Bay City 1965 asphalt M25 WB 0.74 0.54 0.47 0,53 0.55 0,66 0.60
25072 M 54 at Coldwater Rd, Oct, 50-1b Quartzite + M 54 NBOL 0.67 0,50 0.51 0.55 0.54  0.54 0.54
N of Flint 1965 asphalt M 54 NBIL 0.77 0.54 0.52 0.61 0.62 0,61 0.63
M 54 SBOL 0.70 0,51 0,51 0.55 0,57 0.58 0.53
M 54 SBIL 0.76 0.53 0,53 0.60 0.60 0,63 0.62
25073 M 54 at M 57, N of Sept. 50-1b Quartzite + M 54BR NBOL 0.70 0,48 0.43 0.53 0.56  0.61 0.53
Flint 1965 asphalt + additive M 54BR NBIL 0.71 0.53 0.47 0.55 0,58 0,61 0.59
M 54BR SBOL 0.65 0,50 0,44 0,52 0.55 t3) 0.54
M 54BR SBIL 0.71 0.52 0.49 0.58 0,61 () 0.61
M 57 EB 0.70  0.51 0,45  0.55 0.56  0.55 (8)
M 57 WB 0.72 0.53 0.48 0.55 0,56 0,57 ) !
25072 M 54 at M 54BR (S Jet.) Oct. 50-Tb crushed beach M 54 NBOL 0,60 0.49 0.43 0.42 0.43  0.48 0.42
S of Flint 1965 pebbles + asphalt M 54 NBIL 0.66 0.47 0.41 0.44 0.45 0,52 0.49
M 54BR SBOL 0,62 0.47 0.46 0.40 0.44 0,48 0.38
M 54BR SBIL 0.66 0.47 0.41 0,41 0.48 0.54 0.48
M 54 (Dort) WBOL 0,62 0.45 0.45 0.46 0.50 0,54 0.52
M 54 (Dort) WBIL 0,62 0,45 0,47 0.48 0,52 0.55 0.50
81031 US 12, W from Neblo Rd,  Sept. 50-1b 3BC + hot US 12 EB 0.60 0,49 0.49 0.49 0.52 0,51 0.52
NW of Clinton 1965 asphalt emulsion Us 12 WB 0.62 0.47 0,45 0.49 0.55 0,52 0.50 )
i 81031 US 12, E from Lima Sept. 50-1b 2MS + hot us f2 EB 0.58 0,48 0.44 0,55 0.55 0,57 0.52 ]
: Center Rd, NW of 1965 asphalt emulsion US 12 WB 0.60 0.49 0,47 0.54 0,54 0,57 0.55 L
; Clinton
82052 US 24 at Fenkell Rd, Sept. 50-1b 3BC + asbestos  US 24 NBOL 0.56 0.36 0,34 0,37 0.38 0,42 0.35
(Five Mile Rd), 1965 fiber + asphalt US 24 NB#3 0,53 0.36 0.34 0.41 0.40 0,41 0.38
Detroit . US 24 NB#2 0.57 0.36 0.34 0.40 0.41  0.43 0.41
' US 24 NBIL 0.60 * * * * * * &
US 24 SBOL 0,52 0.38 0.37 0.41 0.39 0,43 0,38
US 24 SBCL 0.60 0,37 0.35 0.42 0.42 0,43 0.40
US 24 SBIL 0,59 0.35 0.34 0.44 0,40 0,42 0.40 L
Flve Mile Rd EBOL 0.51 0,37 0.31 0.36 0.38 0,37 0.37 ;
Five Mile Rd EBIL 0,55 0.39 0.33 0,41 0.40 0,42 0.41
Five Mile Rd WBOL 0,55 0,37 0.33 0.39 0.40 0,44 0.41
Five Mile Rd WBIL 0, 60 0,39 0.33 0,43 0.44 0,44 0,42
*  Not tested

(1) Bjmuminous Concrete - non-experimental

(2) NBOL IwT (entire pad)and stopping area worn to original surface
() work being done at intersection -~ SB too dirty to test

“? Deleted by new construction
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. TABLE 24 (Cont. )

EXPERIMENTAL SKID-RESISTANT RESURFACING

Average Coefficlent of

Control Location Construction Mixture Type Route Dirszgon Wet Sliding Friction : S—
Segtion Months Lane 1965 1966 1967 | 1968 1969 | 1970
Spring ] Fall

§2053  US 24 at Schooleraft Rd,  Sept. 50-1b 3BC + asbestos  US 24 NBOL 0,54 0,38 0.33 0.39 0,40 0.43 0,39
Datrolt 1965 fiber + asphalt US 24 NBCL 0.53 0.40 0.35 0.41 0,43 0,43 0.40
US 24 NBIL 0,55 0,37 0,34 0,42 0,42 0,45 0.41
US 24 SBOL 0,48 0.34 0,33 0,41 0.39 0.43 0.38
US 24 SBCL 0,51 0,37 0.33 0,40 0.41 0,43 0.40
! US 24 SBIL 0,52 0,37 0.33 0.41 0,43 0,44 0.41
! Schooleraft Rd EBRT 0,55 0,41 0,35 0,44 0,41 0,44 0.41
i Schoolcraft Rd  EB#3 0,52 0.38 0,36 0,44 0,41 0,43 0.39
Schooleraft Rd  EB#2 0.54  0.38 0,34 0,45 0,43 0,46 043
Schooleraft Rd  EBIL 0,56  0.43  0.39  0.49 0,49 0,47  9.48
Schoolcraft RdA  WB#3 0,55 0,43 0.34 0,45 0,41 0,42 0,38
Schoolcraft RA  WB#2 0,51 0.39 0,34 0.45 0,41 0,42 0,41
Schoolcraft Rd-  WBIL 0,55 0,46 0,36 0,47 0,47 0,47 0,48
82058 US 24 at Plymouth Rd,  Sept.-Oct. 50-lb 2MS + asbestos  US 24 NBOL 0,59 0.36 0,35 0,42 0,43 0,43 0.43
Detroit 1965 fiber + agphalt US 24 NB#3 0.59 0,37 0,36 0,41 0.43 0,45 0,42
US 24 NB#2 0,62 0.40 0,36 0.44 0.47 0,48  0.51
US 24 NBIL 0,62 0.40 0,38 0.45 0,45 0,46  0.55
US 24 SBOL 0,60 0,37 0.35 0.42 0,40  0.44  0.40
US 24 SB#3 0.62  0.39 0.35 0.43 0.43 0,46 0,42
US 24 SB#2 0,61 0.39 0,36 0,45 0.47 0,46 0,45
US 24 SBIL 0.64 0.42 0,37 0.50 0,52 0,46 0,59
Plymouth Rd EBOL 0,62 0,40 0,36 0.41 0.41 0,46  0.48
Plymouth Rd EBCL  0.63 0,39 0,36 0,41 0,43 0,44 0,44
Plymouth Rd EBIL 0,64 0,39 0,37 0,41 0.44 0.4 0,51
Plymouth Rd WBOL 0,63 0,40 0,38 0.46 0,47 0,46  0.49
Plymouth Rd WBCL 0,61 0,41 0.37 0,44 0,44 0,46  0.45
Plymouth Rd WBIL 0,60 0,40 0,38 0,46 0.48 0,45  0.53
82053 US 24 at W, Chicago Rd,  Oct, 80-1b 2MS + US 24 NBOL 0,57 0.38 0,37 0,43 0.45 0,44 0,43
Detroit 1965 . 31AA + asphalt US 24 NB#3 0,58 0,40 0,37 0,43 0.45 0,46 0,43
US 24 NB#2 0,61 0,41 0,36 0.43 0.47  0.46  0.45
US 24 NBIL 0,62 0,40 0,37 0.42 0,49 0,46  0.45
: US 24 NBLT 0,62 * . * * * o
: US 24 SBOL 0.56 0.42 0.41 0,44 0,41 0,45 0,42
| US 24 SBCL 0.57 0.41 0.40 0,43 0,46 0,45 0,44
| ‘ US 24 SBIL 0,59 0.41 0,40 0.43 0,47 0,46 0,43
I i W. @hicagoRd  EBRT 0,63 0,45 0.44 0.48 0.50 0.45 0,45
W, Chicago Rd  EBIL 0.63 0,44 0,40 0.42 0.46 0,45  0.45
W. ChicagoRd  WBRT 0,63 0,43 0.41 0,47 0.50 0,46 0,48
W, Chicago Rd  WBIL 0.63 0,41 0,37 0.47 0,47 0.45 0.45
82071 US 24 at Sibley Rd, Oct, 80-1b 3NS + US 24 NBOL 0,50 0,41 0,34 0.44 0,45 0,49  0.44
Detroit 1965 31AA + asphalt US 24 NBIL 0.52 0,42 0.38 0.47 0,47 0,50  0.48
US 24 SBOL 0.51 0,43 0.39 0.46 0.47 0,32  0.50
US 24 SBIL 0,51 0,42 0.38 0.46 0,46 0,50  0.48

Sibley Rd EB 0.54 0,39 0.36 0,42 0,43 0,45  0.48¢%}
Sibley Rd WB 0,52 0,41 0.39 0,45 0.44  0.44  0.43
11031 M 139 NB at Empire Oct, 80-1b 3NS (P-4) + M 139 NBOL 0,44 0,40 0,39 0.56 0,42 0,45 0.45
Rd, Benton Harhor 1965 Synopal + asphalt M 139 NBIL 0.50 0,42 0,38 0.51 0.52 0,53 Q.55
11031 M 139 SB at Empire Oct, 80-1b 3NS (P-4) + M 139 SBOL 0,45 0,38 0,40 0.51 0,43 0,47  0.46
Rd, Benton Harhor 1965 asphalt M 139 SBIL 0,48 0.44 0.41 0,52 0,51 0,50 0.52
82053 US 24 NB (Telegraph Aug. 80-1b crushed fine US 24 NBOL ——— ——— —— - 0,59 0,44 0.41
Rd) from Joy Rd to 1968 aggregate US 24 NB#3 ——— —— —— — 0, 60 0,48 0.41
West Chicago US 24 NB#2 m— ——— ———— ———— 0,61 0.46 Q.42
US 24 NBIL m— —— — ———— 0,61 0.45 0.42

i 8) Tested slightly out of wheel track because of gravel graded onto pavement
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TABLE 25
TEXTURED CONCRETE PAVEMENT SURFACES
Northbound I 69, Project I13074-001

Test ADirection © Average
Texture ..
Method Limits and WSTF
(Sta. toSta.) Lane 1970
Conventional 2232400 to NBOL 0.61
Burlap 2238+00 NBIL 0.65
Longitudinal 2242+00 to NBOL 0.69
Brooming 2248+00 NBIL 0.72
Transverse 2253100 to NBOL 0. 86
Combing 2259+00 NBIL 0.87
Transverse 2272+00 to NBOL 0.76
Brooming 2278+00 NBIL 0.79
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SECTION IV

HIGH-ACCIDENT LOCATIONS
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HIGH-ACCIDENT LOCATIONS

This section reports the Department's continuing program to reduce
skidding accidents on wet pavement at critical locations. High-accident
locations are skid tested to indicate priorities for resurfacing, In some
cases, these locations are used for testing experimental skid-resistant
resurfacing mixtures.

Selection of high-accident locations for this testyear was made by the
Traffic Division andisbased on 1969 accident data. Skidtests yielded aver-
age wsf values below 0.40 at 59 percent of the 371 lanes tested in 1970,
Frictionlevels for 5percent of the lanes averaged below 0.30. None of the
627 high-accident lanes tested this year yielded coefficients below 0,20,

During 1970, skid tests were conducted on 29 major highway routes.

Testing was dispersed throughout nine Districts, 21 Counties, and 72 sep-
arate locations. Table 26 summarizes the high-accident skid tests.
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SECTION V

SPECIAL REQUEST TESTS
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SPECIAL REQUEST TESTS

During the course of the year, requests for skid tests are received’
from field personnel or through the Design, Maintenance, Traffic, or Test~
ing and Research Divisions, These requests receive priority considerations
during scheduling of skid tests. Friction data are forwarded to the person
or agency initiating the requestas soon as possible after completion of field
measurements. Table 27 contains skid test data resulting from special
requests received during 1970,

-61~



TABLE 27

SPECIAL REQUEST TESTS

Special Project or Direction o
Request | Control Section Location Surface Type and Avg. ?oefﬁment of
No.* Number Lane Wet Sliding Friction
1 S04 of 81063 Wiard Rd over EB US 12 CONC NBOL 0.48
CONC NBCL 0.40
CONC NBIL 0.34
BIT NBCL 0.51
(approach)
BIT NBCL 0.52
(departure)
2 S04 of 81063 Wiard Rd over EB US 12 CONC NBOL 0.40
CONC NBCL 0.31
CONC NBIL 0.25
3 Ms 25081-006 M 21 from E of Dye Rd E to SFSA EBOL 0.53
Media St in Flint SFSA EBIL 0.57
SFSA WBOL 0.49
SFSA WBIL 0.58
3 M 32021-004 M 142 from M 25 E to Pigeon SISA EB 0.67
SFSA WB 0.66
3 Mb 79051-007 M 24 from M 46 Nto Frank St SFSA NB 0.66
in Caro SFSA SB 0.65
3 Mb 46061-010 US 12 from E of M50 E to E of STFSA EB 0.60
M 124 SFSA WB 0. 67
3 M 76041-005 M 71 from M 78 N to S limits SFSA NB - 0.63
of Corunna SFSA SB 0.60
3 Ms 77033-008 US 25 (Lake Shore Pike) from SFSA NB 0.56
Lynburner Rd N to N of SFSA SB 0.58
Myrtle Rd
3 Mns 88500-004 US 24 (Telegraph Rd) from Exeter SFSA NBOL 0.51
Rd to Long Lake Rd SFSA NBIL 0.50
‘SFSA SBOL 0.51
SFSA SBIL 0.54
3 Ms 09011-003 M 84 - 175 BL from SW of SFSA NB 0.59
Ziegler Rd NE'ly to M 13 SFSA SB 0.60
3 " Ms 11012-006 194 BL (Main St) from State St SFSA NBOL 0.50
NE'ly to Jones St in Flint SFSA NBIL 0.55
SFSA SBOL 0.54
SFSA SBIL 0.56
3 Ms 77032-007 US 25 BR from SW of M 29 in SFSA NBOL 0.52
Marysville NE'ly to Dove St in SFSA NBIL 0.57
Port Huron SFSA SBOL 0.48
SFSA SBIL 0.54
3 Mb 79062003 M 81 from SW of Green Rd NE'ly SFSA EB 0.64
and E'ly to M 53 in Cass City SFSA WB 0.64
3 Ms 11013-010 194 (Main St) from m 139 N SFSA EBOL 0,47
(Paw-Paw Ave) E'ly to M 139 8 SFSA EBIL 0.47
(Fair Ave) SFSA WBOL 0.43
. SFSA WBIL 0.46

* Numbered in order requests are received. TR prefix to number indicates a TOPICS request.
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TABLE 27 (Cont.)
SPECIAL REQUEST TESTS

Special

Direction

Project or .
Request | Control Section Location Surface Type and Avg. Coefficient of
No. * Number Lane Wet Sliding Friction
3 Mb 38071-010 M 50 from E of Hand Rd in SFSA NB 0,64
Lenawee Co, W'ly & N'ly to SFSA SB 0.67
Stoney Lake Rd, in Jackson
Co, omitting at US 12 and at
the divided roadway in Brooklyn
3 Mb 46061-011 US 223 BR - M 52 from Nelson St SFSA NBOL 0,56
to Merrick St in Adrian SFSA NBIL 0.54
SFSA SBOL 0.55
STFSA SBIL 0.58
3 Mb 46061-011 US 223 BR at W limits of Adrian SI'SA EB 0,58
SFSA WB 0.54
3 Mb 46101-007 US 12 from E of Pentacost Hwy SFSA EB 0.56
E'ly to the Lenawee-Washtenaw SFSA WB 0.58
Co Line, omitting from 350 ft
E of the Raisin River in Clinton,
E'ly to the E village limits of
Clinton
3 Ms 63052-021 US 10 (Telegraph Rd) from NW of STSA SBOL 0.53
Bataan Rd to SE of Bataan Rd
3 Ms 69014-012 SB 175 from 2400 ft N of old US 27 SFSA SBOL 0, 60
N'ly 2800 ft (N of Vanderbilt) SI'SA SBIL 0.65
3 Mb 76041-006 M 21 (Main St) from W city limits STFSA EBOL 0.54
of Owosso (Chestnut St) E'ly to SFSA EBIL 0.55
the E city limits of Owoaso SFSA WBOL 0.57
(Gould St), omitting from STSA WBIL 0.58
- Shiawassee River to Ball St
3 Mb 79031-007 M 15 (State St) from N of S village SFSA NB 0.53
limits of Millington, N'ly to N SFSA SB 0.51
of Ellis Rd
3 Ms 25071-007 M 54 at M 54 BR SA NBOL 0.57
SA NBIL 0.62
SA SBOL 0. 56
SA SBIL 0.61
SA WBOL 0.61
SA WBIL 0,60
3 Mb 38061-008 M 60 from Spring St in Concord, SA EB 0.60
W to Homer Rd SA WB 0.57
3 Mb 38061-008 M 60 from Homer Rd W to the SA EB 0.62
Calhoun-Jackson Co, line SA WB 0. 62
3 Mb 58042-008 M 50 from US 24 to US 25 in Monroe SA EB 0. 46
SA WB 0.49
3 Mb 38061-008 M 50 from Stoney Lake Rd N & W SA EB 0. 66
to South City limits of Jackson, SA WB 0.65
omitting at US 127 interchange
3 Mb 82052-037 US 24 from Pardee Rd S to Carter Rd SA NBOL 0.53
SA NBIL 0.57
SA SBOL 0,54
SA SBIL 0.53
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TABLE 27 (Cont. )
SPECIAL REQUEST TESTS

Special Project or Direction A oeffic
Request | Control Section Location Surface Type and Ve (,oe 1c1e1.xt (_)f
No. * . Number Lane Wet Sliding Friction
3 Mb 46062-007 US 223 from bridge over Raisin River SA EB 0.59
in Palmyra SE to SE of North Lane SA wB 0.59
St in Blissfield, omitting from High
St to Pearl St in Blissfield
3 Ms 82053-045 US 24 at Warren Rd SA NBOL 0. 36
: SA NB#3 0.30
SA NB#2 0.32
SA NBIL. 0.39
SA SBOL 0. 30
SA SBCL 0.35
SA SBIL 0.40
3 Ms 82053-045 US 24 at Joy Rd SA NBOL 0.54
SA NB#3 0.46
SA NB#2 0.42
SA NBIL 0.48
4 Mb 80071-005 M 40,2.2 mi. N of Paw-Paw; S SFSA NB 0.54
from 40th Ave STSA sB 0.53
4 Mb 80071-005 M 43,0.7 mi. Wof M 40 BA EB 0. 32
: BA wB 0.30
4 Mb 80071-005 M 43, 6.0 mi, W of M 40 BA EB 0. 34
BA WB 0.31
4 Mb 80071-005 M 43, 6.3 mi. Wof M 40 BA EB 0.32
BA WB 0.20
4 Mb 80071-005 M 43, 6.4 mi, Wof M 40 BA EB 0.28
BA WB 0.21
4 Mb 80071-005 Five intermittent patches on M 40
SW of Decatur (numbered 1 to 5
from NE to SW) '
No. 1 BA NB 0.20
BA SB 0.20
No. 2 BA NB 0.19
BA SB 0.31
No. 3 BA NB 0.31
. BA SB 0.32
No. 4 BA NE 0.38
BA SB 0. 35
No. 5 BA NB 0.26
BA SB 0. 36
4 Mb 80071-005 M 119 from M 216 S, the entire BA NB 0.49
length of the curb and gutter BA SB 0.50
section in Marcellus .
5 Mtb 20051-002 M 18 - M 76, S from old US 27 BA NB 0.43 -
Mb 72093-002 BA SB 0.49
5 Mtb 20051-002 M18 - M 76,.0.5 mi. Nof BA NB 0.42
Mb 72092-002 Fletcher Rd BA SB 0.39
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TABLE 27 (Cont. )
SPECIAL REQUEST TESTS

Special Project or. ‘ Direction Avg. Coefficient of
Request | Control Section Location Surface Type and Wet Sliding Friction
No, * Number Lane
5 Mtb 20051-002 M 18 - M 76, adjacent to roadside BA NB 0.40
Mb 72092-002 park BA SB 0.43
5 Mtb 20051-002 M 18 - M 76, 0.5 nri. SE of BA NB 0.42
Mb 72092-002 Johnson Rd BA SB 0.45
6 Mb 80071-005 M 40, 2.2 mi. N of Paw-Paw, S ' SFSA NB 0.59
from 40th Ave . SFSA SB 0.56
6 Mb 80071-005 M 43, 0.7 mi. Wof M 40 K&S BA EB 0,38
K&S BA WwB 0.34
6 Mb 80071-005 M 43, 6.0 mi, Wof M 40 K&S BA EB 0, 38
K&S BA WB 0.41
6 Mb 80071-005 M 43, 6.3 mi, Wof M 40 : K&S BA EB 0.42
K&S BA WB ’ 0.41
6 Mb 80071-005 M 43, 6.4 mi. Wof M 40 K&S BA EB 0. 34
K&S BA WB 0,38
6 Mb 80071-005 Five intermittent patches on

M 40 SW of Decatur (Numbered
1 to 5 from NE to SW)

No. 1 K&S BA NB 0.30

K&S BA SB 0.24
No., 2 : K&S BA NB 0.30
K&S BA SB 0.29
No., 3 K&S BA NB 0.28
' K&S BA SB 0.29
No. 4 : K&S BA NB ' 0.34
K&S BA SB 0. 30
P No. 5 ' K&S BA NB 0. 40
; ! ’ K&S BA SB 0,33
6 Mb 80071-005 M 119 from M 216 S, the entire BA NB 0.44
length of the curb and gutter BA SB 0.46
section in Marcellus
, ' 7 Mb 23052-002 M 50 at Fawn Lane Rd (1st BC EB . 0.22
location W of US 127) BC WB 0.22
7 Mb 23052-002 M 50 at Blackman Rd (2nd BC " EB 0.29
location W of US 127) : BC WB 0,25
T Mb 23052-002 M 50 at Woodard Rd (3rd . BC ' EB 0.37
location W of US 127) BC WB 0.43
7 Mb 23052-002 M 50 through Tompkins Center BC EB . 0,35
(4th location W of US 127) BC WB 0.30
7 Mb 23052-002 M 50 from M 43 SE to Sanborn Rd BC EB 0.50 '
BC WB 0.54
7 Mb 23052-002 M 50 at Round Lake Rd BC EB 0.51
BC wWB 0.53
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TABLE 27 (Cont. )
SPECIAL REQUEST TESTS

Special Project or Direction -
Request | Control Section Location Surface Type and Ave. (':o.efﬁcle.n t _0 f
No. * Number Lane Wet Sliding Friction
7 Mb 23052-002 M 50 at Gresham Rd BC EB 0.50
BC WB . 0.44
7 Mb 23052-002 M 50 SE from Vermontville Hwy A BC EB 0. 39
BC WB 0.45
7 Mb 23052-002 M 50 at "S" curve S of Wheaton Rd BC . EB 0.41 o
BC WB . 0.44 b
7 Mb 23052-002 M 50, N of Maple St, near N city BC EB 0.30
limits of Charlotte BC WB 0.30
7 Mb 23052-002 M 50 E from Flanders Rd, E of . BC EB 0.47
Charlotte BC WB 0.51
7 Mb 23052-002 M 50 at Whittum Rd BA EB 0. 46 ¢
BA WB 0.45
8 Mb 23052002 M 50 at Fawn Lane Rd (1st K&S BC EB 0.33
location W of US 127) K&S BC WB 0.32
8 Mb 23052-002 M 50 at Blackman Rd (2nd K&S BC EB 0.26
location W of US 127) ) K&S BC WB 0.33
8 Mb 23052002 M 50 at Woodard Rd (3rd BC EB ' 0.40
location W of US 127) BC WB 0.47
8 Mb 23052-002 M 50 through Tompkins Center BC EB 0.38
(4th location W of US 127) BC WB : 0.31
9 BO1 of 09042 175 from M 46 N to the Zilwaukee

Bridge, 4 locations:

No. 1 - M 46 North CONC NBOL 0. 40
CONC NBCL 0.48 P
CONC NBIL 0.57 fo
CONC SBOL 0. 40 1
CONC SBIL 0.44
No. 2 - vicinity of 1675 interchange CONC NBOL 0,43 ;
CONC NBIL 0.47 %
CONC SBOL 0.41 kel
CONC SBIL ’ 0. 39
. No. 3 - North of C&O RR bridge CONC NBOL 0.43 :
CONC NBIL 0.50
CONC SBOL 0. 44
CONC SBIL 0.52
No. 4 - 8 of bridge over Saginaw BIT . NBOL 0. 45
River (Zilwaukee Bridge) . BIT NBIL 0.44
BIT SBOL 0.43
BIT SBIL 0.48
10 133044-0567 1496 from Capitol Ave to W of CONC EBOL 0.57
Grand Ave CONC EBIL 0.53
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TABLE 27 (Cont. )
SPECIAL REQUEST TESTS

Special Project or Direction |, . Coefficient of
Request | Control Section Location Surface Type and | oot Sliding Friction
No. * Number Lane ,
11 29011, C2 US 27 SB, at left hand curve area
S of Washington Rd, E of Ithaca.
Three locations:
No. 1 -~ Washington Rd S to CONC SBOL 0.44
Ann Arbor RR CONC SBIL 0.56
No. 2 - Ann Arbor RR S into BIT SBOL 0.62
left hand curve : BIT SBIL 0.63
No. 3 - S of bit wedge, pro- CONC SBOL 0.37
ceeding out of curve CONC SBIL 0,48
12 S 04 of 81063 Wiard Rd structure.over EB US 12, CONC NBOL 0.42
bridge deck CONC NBCL 0.30
CONC NBIL 0.27
13 Mb 23052—062 M 50 at Fawn Lane Rd (1st ’ K&S BIT EB 0.41
location W of US 127) WB 0.42
13 Mb 23052-002 M 50 at Blackman Rd (2nd K&S BIT EB 0.33
location W of US 127) K&S BIT wWB 0.37
14 Mb 58053-003 US 24 - US 25, 300 ft N of Carleton
Rockwood Rd, four locations:
No. 1 - US 24 - US 25 300 ft N of BIT CONC NBOL 0.45
Carleton Rockwood Rd BIT CONC NBIL 0.52
BIT CONC SBOL 0.49
BIT CONC SBIL 0.49
No. 2 - US 24 - US 25, S of BIT CONC NBOL 0.56
Newberg Rd BIT CONC NBIL 0.61
BIT CONC SBOL 0.54
SBIL 0.59
No. 3 - US 24 - US 25 at Will Carleton BIT CONC NBOL 0.48
Rd and Huron River Drive, Monroe and BIT CONC NBIL 0,53
Wayne Co's. ) ) . BIT CONC SBOL 0.50
i ‘ BIT CONC SBIL 0.56
i
No. 4 - US 24 - US 25 N from Vreeland BIT CONC NBOL 0.56
Rd BIT CONC NBIL 0.59
BIT CONC SBOL 0.55
BIT CONC SBIL 0.56
15 River Road On River Rd from approximately .one BIT CONC EB 0.53"
mile W of Old US 31 (Buys Rd) W BIT CONC WB 0.53
to Scenic Drive in Muskegon Co.
16 S 04 of 81063 Wiard Rd over EB US 12 ' CONC NBOL 0,49
Sandblasted NBCL 0.40
CONC .
Sandblasted NBIL 0.35
CONC
BIT NBCL 0.50
(approach)
BIT NBCL 0.51
(departure)
16 49031 M 117, N of Engadine " NSST NB 0.69
Sandblasted SB 0.78
NSST
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TABLE 27 (Cont. )
SPECIAL REQUEST TESTS

Special

Project or Direction .
Request }Control Section Location Surface Type and Avg. (?o'ef_ﬁ(:le.nt _Of
No. * Number Lane Wet Sliding Friction
17 78061 M 86, between Centreville and M 66 Single Seal EB 0.65
Single Seal wWB 0.68
17 78061 300 ft maintenance patch located on BIT EB 0.26
’ M 86 approximately 1.5 mi. W  BIT wB 0.27
of Nottawa :
17 78042 M 60 from Mendon W-to Three Rivers BC EB 0.59
BC WB 0.60
- 41033 M 37, from 196 N 1.5 mi. to the ST NBOL 0.15
divided roadway
TR-1 Northline Rd Northline Rd at Toledo R4, Wayne BIT' NBOL 0.40
County BIT NBCL 0.39
BIT NBIL 0.39
BIT SBOL 0.39
BIT SBCL 0.40
BIT SBIL 0.40
Cont EB 0.33
BIT WBOL 0.40
BIT WBIL 0.41
TR-1 West R4 West Rd 0.25 mi. E of M 85 at the BRICK EBOL 0.48
Penn Central RR overpass in BRICK EBIL 0.48
Wayne County BRICK WBOL 0.42
BRICK WBIL 0.47
TR-2 Monroe Ave Monroe Ave at Pearl St, Kent Co. BRICK EBOL 0,33
BRICK EBIL 0. 36
BRICK WBOL 0. 32
BRICK WBCL 0. 37
BRICK WBLT 0. 36
TR-2 Monroe Ave Monroe Ave at Market Ave, BRICK EBOL 0.33
Kent Co. . BRICK EBIL 0. 36
BRICK WBOL 0.39
BRICK WBIL 0. 36
TR-2 Iionroe Ave Monroe Ave at Ottawa Ave, BRICK EBOL 0.37
Kent Co. BRICK EBCL 0.35
BRICK EBIL 0. 39
BRICK WBOL 0.40
BRICK WBIL 0.35
TR-2 Monr'oe Ave Monroe Ave at Ionia Ave, Ken}t Co. -BRICK ‘EBOL 0,34
i BIT EBOL 0.41
BIT NBRT 0.44
BIT NBCL 0.44
BIT NBIL 0.42
TR-2 Pearl St Pearl St at Campau Ave, Kent Co. BIT EB 0.34
: BIT WB 0.40
TR-2 41022 M 45 (Fulton St) at Sheldon Ave, BIT EBIL 0.40
Kent Co. BIT SBOL 0.41
' BIT SBIL 0.37"
TR-2 Ottawa Ave Ottawa Ave at Michigan St, BIT SBRT 0.48
. Kent Co. BIT .SBOL 0.48
BIT SB#3 0.47
BIT SB#2 0.49
BIT SBIL 0.48
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TEXTURED CONCRETE PAVEMENT SURFACES

Introduction

This project was initiated to investigate different methods of texturing
concrete pavement surfaces and to evaluate the performance of these tex-
tures with respect to skid resistance and noise.

Eisenhour Construction Co. agreed to apply certain textured finishes
to a concrete pavement surface while constructing Project I 13074-001, a
three mile length of 169 beginning just north of 194 in Calhoun County.

Sufficient wire combs were available to texture transversely, but not
longitudinally; and enough nylon brushes to texture both transversely and
diagonally. Longitudinal texturing requires a sufficient length of brushes
or combs to span the full width of a 24-ft pavement, while transverse tex-
turing requires lengths of only a few feet,

Construction

Continuous lengths of 169 were specially textured in three ways:
1) transverse texture using nylon brushes,
2) transverse grooves using metal combs,
3) longitudinal texture using nylon brushes.
Total length of these special textures was about 4,600 ft of roadway (24 ft
wide); the remainder of the pavement was finished with a conventional bur-
lap drag. Table 1 gives the location of the special textured surface sites.

TABLE 1
LOCATION OF TEXTURED PAVEMENT SURFACE AREAS

| Limits

Texture type by station

Nylon brush 2241+50 to
(Longitudinal) 2249+88

Wire comb 2249+88 to
(transverse) 2269+82

Nylon brush 2270+53 to
{transverse) 2289+50

Brush, comb, and burlap finishes were each applied by mounting the
appropriate texturing tools on the membrane curing application equipment



at the project site. Figure 1 shows the nylon brushes mounted for longi-
tudinal texturing.

Texturing presented no great problems during construction, and there
was no trouble keeping pace with the CMI slip-form paver, used in casting
the slab. The brushes, in common with a burlap drag, tended to collect a
slurry as they textured. The wire combs always appeared clean with no
indication of clogging or slurry retention.

Figures 2 through 4 show typical textures achieved on this project.
Performance

Skid resistance measurements were made about four months after the
textured areas had been constructed. Initial skid test results, shown on
Figure 5, give the ranges for three measurements made on each textured
surface. All the surfaces exceed Michigan's minimum wet skid coefficient
(measured at 40 mph) of 0.4. However, since stopping distance and trac-
tion on a wet pavement are directly related to skid coefficient, it is desir-
able that coefficients be as high as practicable. The transverse comb tex-
ture had the highest skid coefficient, the transverse nylon brush second
highest, with the conventional burlap and longitudinal brush being lowest
but still acceptable. It was noticed that the wheel tracks over part of the
transverse comb textured pavement had been noticeably worn (Fig. 6).

A concrete batching plant was located adjacent tothe test area and the
textured surface roadway was used intensively by the contractor's trucks
before the highway was opened for traffic. This traffic in combination with
dirt on the pavement had caused the wear.

Wet skid coefficients measured in the worn wheel paths of the trans-
verse comb texture are also shown in Figure 5. In such areas, skid coef-
ficients had been reduced markedly to a level that was still acceptable, but
still the lowest of the entire group. Because of the sharp shoulders on the
grooves and the reduced mass available toresist wear, it seems likely that
the transverse combed areas would always initially wear faster than brush
or burlap treated areas. In transverse combed areas, initial skid resist-
ance would probably decrease rapidly for a short time and then, after
reaching a certain level, wear at the same rate as brush or burlap treated
pavements.

It was also noted that vehicles traveling over wet transverse comb tex-
tured pavement did not generate the fog of water behind them that was ap-
parent inother areas. This characteristic was especially apparentbecause
of the large quantities of water thrown up behind trucks.

Noise level measurements were taken over the textured pavement by
means of a microphone mounted near a tire on a trailer which was towed
over the areas at three speeds: 15, 30, and 60 mph. There was a notice-
able but not great difference in noise levels between the various textured
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surfaces. The transverse brushed area had a noise level slightly higher
than that of the combed area and the longitudinal brush and burlap drag
areas had equal noise levels which were lowest of the group. Noise gen-
erated by any of the textures was not considered to be great enough to be a
factor in rejecting any of the texture types.

Discussion

A conventional burlap drag texture, when properly applied, provides
acceptable skid resistance. However, burlap is subject to wind flap, can
tend to create a wavy texture, and--if the concrete has set too long-~does
not score the surface asdeeply as desired. On this, as with many other
projects, areas of insufficient texturing exist where the concrete had set
too long before burlaping, Wet skid coefficient tests (40 mph) for all new
concrete pavements during 1969 ranged from 0.39 to0.67. This shows how
variable burlap texturing has proven tobe. Therefore, burlap does present
some job control problems. Neither nylon brushes or wire combs would he
vulnerable towind flap and, because of their rigid mounting, surface waves
should be minimal. Although the depth of texturing would still depend upon
the timing of the operation during the period of concrete set, it should not
be as critical as the burlap drag since the burlap doesnot cut like bristles
or comb teeth,

During this study, there wasno realistic means of comparing costs for
the different types of textures. However, it appears that brushes for lon-
gitudinal texturing could easily be mounted to replace the burlap drag on
existing equipment and should justify no increased cost. Transverse tex-
turing might require that a contractor purchase additional equipment. How-
ever, Indiana has required transverse texturing for years and any contractor
who does work for the State would already own the necessary equipment.
Therefore, since noadditional operator or equipment time was required for
transverse finishing, very little, if any additional cost can be expected.

Conclusions

1. Any of the textures used during this study, including burlap drag
when properly applied, provide an acceptable skid resistant surface.

2. Job control of the degree of texture appears more difficult with the
burlap drag than the other texturing methods.

3. Because of the fragile groove shoulders and the lesser mass of con-
crete on the wearing surface, the wire comb areas will wear more rapidly
then the other types tested, consequently its initial very high skid resistance
would be rapidly reduced. ‘



4. The longitudinal brush texture was about equal tothe burlap dragin
initial skid resistance but apparently provided easier job control of texture
than the burlap.

5. The transverse brush texture provided a desirable combination of

high initial skid resistance and wear resistance which should approach that
of a burlap drag finish.
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Figure 1. Longitudinal pavement texturing with nylon brushes.
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APPENDIX D



SPECIFICATIONS FOR A
PAVEMENT FRICTION TESTER

The Pavement Friction Tester shall be based on the General Motors
Proving Ground Model 2 Coefficient of Friction Vehicle, The device con-
gsists of a truck-trailer combination designed to test skid and incipient
friction resistance of pavements in accord with ASTM E 274-65T require-
ments (revised August 1969)and SAE J345, It will measure peak and locked
wheel braking traction force for passenger car tires, and meet the proposed
National Highway Safety Bureau testing standards. '

- The Tester shall consist of a modified 3/4~ton pickup truck, a 2-wheel
trailer and all necessary equipment and instrumentation. It shall be capa-
ble of testing with either or both wheels locked at speeds up to 70 mph and
be capable of making incipient (slip) friction measurements down to 2 mph
during the lock-up cycle. It shall provide the following data:

1) Actual Wheel Friction Tractive Force at both test wheels
2) Dynamic Vertical Load Force at each wheel

3) Individual Angular Wheel Velocity

4) Percent Slip (scaled) During Cne Wheel Lock-Up

5) True Vehicle Speed

6) Distance Traveled in feet.

The trailer, the truck, and the electronic, pneumatic and hydraulic sys-
tem shall be similar to the equipment described in SAE Publication 680137,
"Tire-Road Friction Measuring System - A Second Generation," by G, L.
Goodenow, T. R. Kolhoff, and F. D, Smithson of the General Motors Prov-
ing Grounds. ‘

Truck

The truck shall be a late model Chevrolet 3/4-ton pickup truck
with a 396 V-8 Chevrolet engine, compatible automatic trans-
mission, '"limited slip' differential, bucket seats, air condition-
ing, power steering and brakes, and suspension. Such truck
shall be furnished by the Department and delivered tothe Supplier
of the Pavement Friction Tester for installation of equipment.
The cab of the truck is to be modified to accommodate the elec-
tronic power supply, strip-chart recorder, and "systems control
and electronics console, "



Trailer

The two-wheel trailer is to be equipped with a coil spring sus-
pension, stabilizer bar, hard bushings, and disc brakes. I
shall be provided with the following accessories:

1. Model 1270 force transducers at both test wheels as described
inthis specification toprovide direct measurement of the dynamic
"horizontal tractive friction force' of pavement-tire braking trac-
tion, and the "dynamic vertical load'" on the wheel during testing,

2. A fifth wheelwith velocity and distance transducers mounted
with a pneumatic pickup cylinder and automatic latch,

3. Angular velocity transducers mounted in each modified axle
assembly of the trailer, '

4, Laminar flow designed water nozzles for even distribution
located ahead of each wheel and equipped with pneumatic cylin-
ders to lower and raise the nozzles automatically for each test.

5. Hydraulic lift jacks for picking the trailer up for rapid tire
changes.

6. An air wrench with a 25-ft coil-type flexible line to operate
from a quick-disconnect fitting on the trailer tongue for wheel
changes,

7. Hydraulic Cylinder and Tension Load Cell assembly for cal-
ibrationof the force transducers. M1275 Air Bearing Calibration
Platform included.

8. Provision for varying axle loads from 800 lb minimum to
1,600 Ib maximum.

9., Trailer cover constructed of a molded, one-piece, fiberglass
shell,

10. Rear of the trailer cover is to be fitted with a bumper and
tail, brake, turn-signal, and backup lights, Four red safety
lights, flashing in pairs alternately, are located at the top rear
of the trailer body for use while the test is in progress.

11, Locatorsby whichtodetermine trailer position during back-
up procedure,

12. Provision to use 14-in, wheel size,

13, Two spare wheels with ASTM test tires mounted,



‘Brakes

The trailerbrakes shall be capable of locking the left, the right,
or both wheels in a lock-up time from hydraulic pressure appli-
cation to 10percentslip of 0,5 seconds to 80 seconds when meas-
uring either wetor dry skid resistance. The trailer brakes will
also be operable when the truck brakes are applied.

Watering System

The system shall consist of a 230 gal baffled tank located in the
front portion of the truck bed, two individually operated positive
displacement water pumps, valves, and water laying nozzles.
Dual flexible hoses shall route the water to the distributing val-
ving on the trailer., The system is automatically to deliver 3.6
gal/min/in, of wetted width evenly distributed water layer at
operating speeds of 20 to 70 mph to the wheel or wheels being
locked for skidding in accord with ASTM E 274-65T (rev, August
1969).

Transducers

1. Force transducers for each wheel shall have strain gage
bridges and shall have less than 2 percent of applied load non-
linearity and hysteresis errors. When subjected to torsional
load only they shall have less than 2 percent of applied force load
crosstalk under 500 ft-Ib load in the torque mode.

2. The velocity transducers shall have less than 2 percent non-
linearity between 20 and 70 mph,

Electronics

Accuracy of all signal conditioning circuitry shall be within +2
percentusing simulated input inan air-conditioned environment,

Recorder

The recorder shall be a Brush Oscillograph Model 16-2308-00,
or equivalent conforming to the manufacturer's specifications,
including six galvanometers. Such recorder shall be furnished
by the Department and delivered to the Supplier for installation
in the Pavement Friction Tester,

The Pavement Friction Tester shall conform to or exceed the require-
ments of ASTM E 274-65T, "Tentative Standard Specifications for A Method



of Testing for Skid Resistance of Pavement Using a Trailer," as revised in
August, 1969 for final adoption., This specification is cited for use to meet
the National Highway Safety Bureau Test Requirements.

Any improvements or modifications in the design of the Friction Tester
maybe incorporated prior to assembly, but only upon approval and authori-
zation of the purchaser,

Complete description of the Pavement Friction Tester, including all
system drawings, shall be provided with the operating and maintenance
instructions at the time of delivery of the Tester.

Delivery of the Tester will be accepted at the home-site of the Supplier
at which time final inspection of all components will be made and the oper-
ability of all systems will be determined. Adequate time will be allocated
by the Supplier to instruct the assigned operating personnel inthe operation
and calibration of the Tester, as well as in the care and maintenance pro-
cedure of its vital components. Suchinstruction will be provided at no extra
charge to the Department,

-
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Researchers studying pavement friction are aware that the ASTM Stan-
dard Pavement Test Tire does not have characteristics identical to conven—
tional automobile tires. However, no one tire could precisely represent
the wide variety of tires rolling over Michigan highways. The millions of
vehicles using Michigan highways travel on tires of various tread designs,
materials, structural types, and states of wear. In order to obtain data so
that we might intelligently apply skid test measurements, it was believed
that we should learn something of the variation among tires now in use.
Therefore, it was decided to conduct a statewide survey of vehicle tire use
with tires categorized as: 1) smooth tires (tires with 2/32 in, or less of
tread remaining), 2) studded tires, and 3) snow tires,

A survey of vehicles using studded tires had been made by the Research
Laboratory during winter 1969-70. Samples for that survey were propor-
tionally allocated, based upon county vehicle registration data. Data from
that survey were used to develop a more efficient sampling plan, described
in Appendix A, for use in winter 1970-71. Although the plan was developed
primarily as a means of estimating tire stud use, it was also used to esti-
mate proportions of vehicles with smooth tires and with snow tires. The
sample consisted of 27, 025 vehicles, allocated by counties as listed in Table
1. The surveybegan onJanuary 11, 1971 and extended through February19.

Only vehicles with Michigan license plates were counted in the survey;
State-~owned vehicles were not counted nor were trucks other than pickup
and panel trucks. After selecting a site, a "cluster" containing a prede-
termined number of vehicles was surveyed in the order of their physical
location. That is, once the cluster was selected, there was no choosing
among vehicles, they were inspected in order. Sites wereprimarily park-
ing lots, but in smaller towns vehicles parked on streets were surveyed.

Table 1 is an alphabetical listing of counties showing numbers of ve-
hicles surveyed, proportions of vehicles with studs, and axle location of
studded tires, Table 2 gives the same information but is separated by Dis-
trict, Table 3 relates studded tire use to type of vehicle, and Table 4 lists
counties in decreasing order of studded tire use. Figure 1 is a map of the
State showing tire stud use by counties. Table 5 compares tire stud sur-
vey results for this year and last, Table 6 lists the precision of the esti-
mated proportion for each county.

Tables 7 and 8 show data for snow tires and for smooth tires. Since
1971 was the first year for surveying snow tires and smooth tires, no past
year comparisons are available. Tire studs are permitted on vehicles in
Michigan from November 1 to May 1 and snow tires are generally used only
during those months, thus the results of this survey are valid for the same
period.

The Statewide average proportion of vehicles using studded tires in-
creased from about 12 percent in1969-70 to15, 2 percent in1970-71, More
significantly perhaps, is the fact that the number of vehicles having tire
studs in1970-71 increased over 27 percent. The precision of this estimated
proportion is within a fraction of 1 percent, at the 95 percent confidence
level,



STUDDED TIRE USAGE IN MICHIGAN,
WINTER 1970-71
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Figure 1. Studded tire usage in Michigan, winter 1970-1971.



TABLE 1

WINTER, 1970-1971 STUDDED TIRE SURVEY BY COUNTIES

Percent of Vehicles

County Vgr?i.cl(;fs Without |With Studs on | With Studs on| With Studs on
Studs Front Only Rear Only |Front and Rear
Alcona 100 72,00 0 28.00 0
Alger 125 73.60 0 26.40 0
Allegan 400 73.00 0 27.00 0
Alpena 200 76.00 0 23.50 0.5
Antrim 100 68. 00 0 31.00 1
Arenac 100 73.00 0 27.00 0
Baraga 100 69.00 0 30. 00 1
Barry 200 63.50 0 36.00 0.5
Bay 700 83.70 0 16. 30 0
Benzie 100 62,00 0 37.00 1
Berrien 1000 78.60 0 21.40 0
Branch 200 88. 00 0 12.00 0
Calhoun 800 87.75 0 12.25 0
Cass 100 76.00 0 24,00 0
Charlevoix 100 69.00 0 31.00 0
Cheboygan 100 64,00 0 36.00 0
Chippewa 200 71.50 0 28.50 0
Clare 100 79.00 0 21.00 0
Clinton 200 78.00 0 22.00 0
Crawford 100 65. 00 0 35.00 0
Delta 200 68. 00 0 31.50 0.5
Dickinson 100 51.00 0 49, 00 0
Eaton 300 89.70 0 10. 30 0
Emmet 100 60.00 0 40. 00 0
Genesee 800 82.875 0 17.125 0
Gladwin 100 73.00 0 27.00 0
Gogebic 100 65.00 0 35,00 0
Grand Traverse 200 65.50 0 34,50 0
Gratiot 200 85.00 0 15. 00 0
Hillsdale 200 83.00 0 17. 00 0
Houghton 200 54.50 0 45,50 0
Huron 200 68. 00 0 32.00 0
Ingham 1200 86,70 0 13. 30 0
Ionia 200 79. 00 0 21.00 0
Tosco 100 81.00 0 19,00 0
Iron 100 68.00 0 32. 00 0
Isabella 200 83.00 0 17. 00 0
Jackson 600 80.20 0 19. 80 0
Kalamazoo 1100 85.10 0 14. 90 0
Kalkaska 100 73.00 0 27.00 0
Kent 1500 78.90 0 21.00 0.1
Keweenaw 100 63.00 0 37.00 0
Lake 100 80,00 0 20.00 0
Lapeer 200 87.00 0 13.00 0
Leelanau 100 62.00 0 37.00 1




TABLE 1 (Cont.)
WINTER, 1970-1971 STUDDED TIRE SURVEY BY COUNTIES

Percent of Vehicles

County N(;l', cl)f Without |With Studs on | With Studs on| With Studs on
Vehicles Studs Front Only Rear Only |Front and Rear
Lenawee 500 85.80 0 14.20 0
Livingston 300 79.30 0.7 20.00 0
Luce 100 73.00 0 27.00 0
Mackinac 100 73.00 0 27.00 0
Macomb 1000 92, 30 0 7.70 0
Manistee 100 65.00 0 34, 00 1
Marquette 300 58.40 0.3 41. 30 0
Mason 100 67.00 0 33.00 0
Mecosta 100 75.00 0 25.00 0
Menominee 100 59.00 0 41. 00 0
Midland 400 78.25 0 21.50 0.25
Missaukee 100 65,00 0 356. 00 0
Monroe 600 85.70 0 14.10 0.2
Montcalm 200 68.50- 0 31.50 0
Montmorency 100 84,00 0 16. 00 0
Muskegon 900 75.60 0 25.20 0.2
Newaygo 200 74.00 0 26. 00 0
Oakland 1200 87.9 0.1 11. 90 0.1
Oceana 100 . 64,00 1 35. 00 0
Ogemaw 100 76.00 0 23.00 1
Ontonagon 100 65.00 0 35. 00 0
Osceola 100 75.00 0 '25,00 0
Oscoda 100 75.00 0 25.00 0
Otsego 100 56. 00 0 44, 00 0
Ottawa 700 75.40 0 24,60 0
Presque Isle 100 73.00 0 27.00 0
Roscommon 100 79.00 0 21.00 0
Saginaw 900 85.90 0 14,10 0
Sanilac 200 89. 00 0 11. 00 0
Schoolcraft 100 74.00 0 26,00 0
Shiawassee 300 85,70 0 14. 30 0
St. Clair 700 89. 60 0 10. 40 0
St. Joseph 300 86, 30 0 13.70 0
Tuscola 200 77.50 0 22,50 0
Van Buren 300 75. 30 0 24,70 0
Washtenaw 1200 88.25 0 11.75 0
Wayne 1500 90, 00 0 10. 00 0
Wexford 100 66. 00 0 33.00 1




TABLE 2
WINTER, 1970-1971 STUDDED TIRE SURVEY BY DISTRICTS

Percent of Vehicles
s No. of
District Vecl)liccl)es Without | With Studs on| With Studs on| With Studs on
Studs Front Only Rear Only | Front and Rear
1 1200 60.42 0.08 39. 42 0.08
2 8256 71.64 0.00 28,24 0.12
3 1400 68.60 0.00 31.00 0.40
4 1300 72.08 0.00 27.77 0.15
5 4500 78.40 0.02 21.50 0.08
6 4100 82.44 0.00 17.54 0.02
7 4400 81.34 0.00 18.64 0.02
8 4300 85. 62 0.05 14.33 0.00
9 2900 89.21 0.03 10.73 0.03
10 2100 88. 76 0. 00 11.19 0.05
Total 27025 80.60 0. 02 19. 32 0.06
TABLE 3
WINTER, 1970-1971 STUDDED TIRE SURVEY BY VEHICLE TYPES
Vehicle Percent of Vehicles
Front
Type No. None Front Rear and
Rear
Passenger car 25767 80.5 0.0 19.5 0.0
Pickup & panel trucks 1082 81.7 0.0 18.3 0.0
4 wheel drive 176 87.5 0.0 4.5 8.0




TABLE 4
PERCENT OF VEHICLES USING STUDDED TIRES BY COUNTIES

County Percent County Percent County Percent
Dickinson 49.00 Alcona 28.00 Livingston 20. 70
Houghton 45,50 Allegan 27.00 Lake 20.00
Otsego 44,00 Arenac 27.00 Jackson 19. 80
Marquette 41.67 Gladwin 27.00 Iosco 19.00
Menominee 41.00 Kalkaska 27.00 Genesee 17.13
Emmet 40,00 Luce 27.00 Hillsdale 17.00
Benzie 38.00 Mackinac 27.00 Isabella 17.00
Leelanau 38.00 Presque Isle 27.00 Bay 16. 30
Keweenaw 37.00 Alger 26.40 Montmorency 16. 00
Barry 36.50 Newaygo 26.00 Gratiot 15. 00
Cheboygan 36.00 Schoolcraft 26.00 Kalamazoo 14.90
Oceana 36. 00 Muskegon 25.40 Monroe 14. 30
Crawford 35.00 Mecosta 25.00 Shiawassee 14. 30
Gogebic 35.00 Osceola 25.00 Lenawee 14.20
Manistee 35.00 Oscoda 25.00 Saginaw 14.10
Missaukee 35.00 Van Buren 24,70 St. Joseph 13.70
Ontonagon 35.00 Ottawa 24.60 Ingham 13. 30
Grand Traverse 34.50 Alpena 24,00 Lapeer 13.00
Wexford 34.00 Cass 24,00 Calhoun 12,25
Mason 33.00 Ogemaw 24, 00 Oakland 12,10
Antrim 32.00 Tuscola 22.50 Branch 12. 00
Delta 32.00 Clinton 22,00 Washtenaw 11. 75
Huron 32.00 Midland 21.75 Sanilac 11. 00
Iron 32.00 Berrien 21.40 St. Clair 10.40
Montcaim 31.50 Kent 21.10 Eaton 10. 30
Baraga 31.00 Clare 21.00 Wayne 10.00
Charlevoix 31.00 Ionia 21.00 Macomb 7.70
Chippewa 28.50 Roscommon 21.00




TABLE 5
COMPARISON OF 1969-1970 AND 1970-1971 SURVEYS

Registered 1969-1970 1969-1970 1970-1971 1970-197.1
County Vehicles Vehicles With | Studded Tire| Vehicles With [Studded Tire
Studded Tires | Proportion | Studded Tires | Proportion
Alcona 3886 427,46 0.11 1088. 08 0,28
Alger 3270 981. 00 0.30 863. 28 0.26
Allegan 27901 4812, 92 0,17 7533.27 0,27
Alpena 13432 1007.40 0,08 3223.68 0,24
Antrim 5168 1292, 00 0.25 1653. 76 0.32
Arenac 4467 625,38 0.14 1206. 09 0,27
Baraga 3231 969. 30 0.30 1001, 61 0.31
Barry 14301 3289.23 0.23 5219, 87 0.37
Bay 50619 4120. 39 0.08 8250. 90 0.16
Benzie 3830 880.90 0.23 . 1455, 40 0.38
Berrien 78346 9793. 25 0.13 16766. 04 0,21
Branch 15912 1352, 52 0.09 1909. 44 0.12
Calhoun 65290 6692,23 0.10 7998. 03 0.12
Cass 19065 2478.45 0.13 4575. 60 0.24
Charlevoix 6974 1255, 32 0.18 2161. 94 0.31
Cheboygan 6931 1594.13 0.23 2495. 16 0. 36
Chippewa 11691 1870.56 0.16 3331.94 0.29
Clare 6722 1344, 40 0.20 1411. 62 -0.21
Clinton 16667 1583. 37 0.10 3666. 74 0,22
Crawford 2911 727.175 0.25 1018. 85 0.35
Delta 14653 3003.87 0.21 4688, 96 0,32
Dickinson 10815 2595.60 0.24 - 5299, 35 0.49
Eaton 274156 2193.20 0.08 2823. 75 0.10
Emmet 8261 2726.13 0.33 3304. 40 0. 40
Genesee 195742 17244, 87 0,09 33520. 82 0,17
Gladwin 5249 577,39 0.11 1417.23 0,27
Gogebic 8575 1457.75 0.17 3001. 25 0.35
Grand Traverse 19371 4261.62 0.22 6683, 00 0.35
Gratiot 16784 2601.52 0.16 25617.60 0.15
Hillsdale 16209 1458, 81 0,09 2755.53 0.17
Houghton 12659 5316.78 0.42 5759. 85 0.46
Huron 15225 2816.63 0.19 4872. 00 0.32
Ingham 115471 14780.29 0.13 15357, 64 0.13
Ionia 18462 3323.16 0,18 3877. 02 0.21
Iosco 9432 660.24 0.07 1792. 08 0,19
Iron 6118 734.16 0.12 1957. 176 0.32
Isabella 13974 2165.97 0.16 2375.58 0.17
Jackson 62310 4050.15 0,07 12337. 38 0.20
Kalamazoo 86705 15684, 93 0.18 12919. 04 0.15
Kalkaska 2411 530,42 0.22 650, 97 0.27
Kent 185887 33212, 65 0.18 39215, 83 0.21
Keweenaw 837 292.95 0.35 309. 69 0. 37
Lake 2254 225,40 0.10 450. 80 0.20
Lapeer 19530 1269, 45 0.07 2538. 90 0.13
Leelanau 4460 758.20 0,17 1694, 80 0.38




TABLE 5 (Cont.)
COMPARISON OF 1969-1970 AND 1970-1971 SURVEYS

. 1969-1970 1969-1970 1970-1971 1970-1971
County Reg:ls.ttired "Vehicles With [Studded Tire| Vehicles With jStudded Tire
Vehicles | o/ dded Tires | Proportion | Studded Tires | Proportion
Lenawee 36526 1826. 30 0. 05 5186.69 0.14
Livingston 22829 3349, 01 0.15 4725, 60 0.21
Luce 2374 688,46 0.29 640, 98 0.27
Mackinac 3525 634.50 0.18 951,75 0,27
Macomb 282989 25469.01 0.09 21790. 15 0. 08
Manistee 8950 2148.00 0.24 3132. 50 0. 35
Marquette 24144 9730, 03 0.40 10060. 08 0,42
Mason 9652 1833.88 0.19 3185.16 0.33
Mecosta 9995 1599.20 0.16 2498, 75 0.256
Menominee 10607 954.63 0.09 4348. 87 0.41
Midland 29150 4372.50 0.15 6340.13 0.22
Missaukee 27956 698.75 0.25 978, 25 0,35
Monroe 50784 3133. 37 0.06 7262, 11 0.14
Montcalm 17672 2120.64 0,12 5566.68 0. 32
Montmorency 2418 241,80 0.10 386. 88 0.16
Muskegon 68258 12511.69 0.18 17337.53 0.25
Newaygo 12423 3167.87 0.26 3229, 98 0.26
Oakland 432637 47979. 44 0.11 52349. 08 0.12
Oceana 6638 1659.50 0.25 2389, 68 0. 36
Ogemaw 5116 869,72 0.17 1227, 84 0.24
Ontonagon 4174 500. 88 0.12 1460, 90 0.35
Osceola 6262 1252.40 0.20 1565. 50 0.25
Oscoda 2030 263.90 0.13 507.50 0.25
Otsego 4562 821.16 0.18 2007.28 0.44
Ottawa 55505 10623.66 0.19 13654.23 0.25
Presque Isle 5149 463,41 0.09 1390. 23 0.27
Roscommon 5298 1006.62 0.19 1112, 58 0.21
Saginaw 92725 8039.26 0.09 13074, 22 0.14
Sanilac 14304 2002, 56 0.14 1573. 44 0.11
Schoolcraft 3619 1085.70 0. 30 940, 94 0.26
Shiawassee 26421 3521.92 0.13 3778.20 0.14
St. Clair 50958 4076.64 0.08 5299.63 0.10
St. Joseph 22152 2215,20 0,10 3034, 82 0.14
Tuscola 19292 4147.78 0.22 4340. 70 0.23
Van Buren 24204 3872.64 0.16 5978. 39 0.25
Washtenaw 97229 10131.26 0.10 11424.41 0,12
Wayne 1178938 114239.10 0.10 117893, 80 0.10
Wexford 9101 2184, 24 0.24 3094, 34 0.34

Weighted 1969-70 Statewide Tire Stud Proportion= 0,1195849
Weighted 1970-71 Statewide Tire Stud Proportion = 0.1524489

Increase in percent of cars having studded tires since 1969-70 = 3,2864 %.



TABLE 6
SUMMARY OF 1970-1971 STUDDED TIRE SURVEY DATA

Precision of
Number

i ti t
Vehicle Number of of Vehicles Numl.)er of Proportion| Standard Estima .ed
County Registration Clusters Clusters per Vehicles With Studs [Deviation Proportion
g in County Cluster | With Studs With Studs

Sampled (95% Confidence)
Alcona 3886 155.44 4 25 28 .28 .03 ] .03
Alger 3270 130. 80 5 25 33 .264 .03 .03
Allegan 27901 558.02 8 50 108 W27 .02 .01
Alpena 13432 537.28 8 25 48 .24 .04 .03
Antrim 5168 206,72 4 25 32 .32 .03 .03
Arenac 4467 178.68 4 25 27 .27 .05 .05
Baraga 3231 129.24 4 25 31 .31 .02 .02
Barry 14301 572.04 8 25 73 . 36 .03 .02
Bay 50619 1012. 38 14 50 114 .16 .02 .01
Benzie 3830 153.20 4 25 38 .38 .06 .06
Berrien 78346 783.46 10 100 214 . 214 .02 .01
Branch 15912 636.48 8 25 24 .12 .02 .01
Calhoun 65290 652.90 8 100 98 .12 .01 .01
Cass 19065 762.60 4 25 24 .24 .05 .05
Charlevoix 6974 278,96 4 25 31 .31 .02 .02
Cheboygan 6931 277.24 4 25 36 . 36 .03 .03
Chippewa H 11691 467.64 8 25 57 .28 .04 .03
Clare 6722 268.88 4 25 21 .21 .02 .02
Clinton 16667 666.68 8 25 44 .22 .03 .02
Crawford 2911 116.44 4 25 35 .35 .08 .06
Delta 14653 586.12 8 25 63 . 315 .05 .03
Dickinson 10815 432.60 4 25 49 .49 .03 .03
Eaton 27415 1096.60 12 25 31 .10 .01 .01
Emmet 8261 330.44 4 25 40 .40 .03 .03
Genesee 195742 1957.42 8 100 137 17 .02 .01
Gladwin 5249 209. 96 4 25 27 .27 .03 .03
Gogebic 8575 343.00 4 25 35 .35 .04 .04
Grand Traverse 19371 774.84 8 25 69 .35 .03 .02
Gratiot 16784 671. 36 8 25 30 .15 .03 .02
Hillsdale 16209 648. 36 8 25 34 .17 .02 .01
Houghton 12659 506. 36 8 25 91 .46 .07 .05
Huron 15225 609. 00 8 25 64 .37 .05 .03
Ingham 115471 1154.171 12 100 160 .13 .01 .01
Ionia 18462 738.48 8 25 42 .21 .03 .02
Tosco 9432 377.28 4 25 19 .19 .03 .03
Iron 6118 244,72 4 25 32 .32 02 .02
Isabella 13974 558. 96 8 25 34 .17 .03 .02
Jackson 62310 1246.20 12 50 119 .20 .03 .02
Kalamazoo 86705 867.05 11 100 164 .15 .03 .02
Kalkaska 2411 96.44 4 25 27 27 .03 .03
Kent 185857 1858.57 15 100 316 .21 .01 .01
Keweenaw 837 33.48 4 25 317 .37 .02 .02




TABLE 6 (Cout.)
SUMMARY OF 1970-1971 STUDDED TIRE SURVEY DATA

Precision of

Number
. Numb i et
County Vehicle C;:S;I;Sf’ ' of Veh:i‘les I\tmlll?elr ; ' Proportion| Standard PrEscfu:itiii
Registration Clusters p eucle With Studs | Deviation P

in County Sampled Cluster | With Studs With Studs
P {956% Confidence)

Lake 2254 90. 16 4 25 20 .20 .04 .04
Lapeer 19530 781.20 8 25 26 .13 .03 .02
Leelanau 4460 178,40 4 25 38 .38 .08 .08
Lenawee 36526 730.52 10 50 71 .14 .02 .01
Livingston 22829 913.16 12 25 62 .21 .03 .02
Luce 2374 94,96 4 25 27 .27 .03 .03
Mackinac 35625 141.00 4 25 27 .27 .06 . 06
Macomb 282989 2829, 89 10 100 77 .08 .01 .01
Manistee 8950 358.00 4 25 35 .35 .05 .05
Marquette 24144 965.76 12 25 125 .42 .04 .02
Mason 9652 386.08 4 25 33 .33 .01 .01
Mecosta 9995 399.80 4 25 25 .25 .06 .06
Menominee 10607 424,28 4 25 41 .41 .07 . 07
Midland 29150 583,00 8 50 87 .22 .02 .01
Missaukee 2795 111.80 4 25 35 .35 .04 .04
Monroe 50784 1015.68 12 50 86 .14 .02 .01
Montcalm 17672 706,88 8 25 63 .32 .03 . 02
Montmorency 2418 96.72 4 25 16 .16 .04 .04
Muskegon 68258 1365.16 18 50 229 .25 .02 .01
Newaygo 12423 496.92 8 25 52 .26 .02 .01
Oakland 432637 4326. 37 12 100 145 .12 .02 .01
Oceana 6638 265,52 4 25 36 . 36 .09 .09
Ogemaw 5116 204.64 4 25 24 .24 .04 .04
Ontonagon 4174 166.96 4 25 35 .35 .04 .04
Osceola 6262 250,48 4 25 25 .25 .06 .06
Oscoda 2030 81.20 4 25 25 .25 .05 . 05
Otsego 4562 182,48 4 25 44 .44 .04 .04
Ottawa 55505 1116.10 14 50 172 .25 .02 .01
Presque Isle 5149 205.96 4 25 27 .27 .05 . 05
Roscommon 5298 211.92 4 25 21 .21 .01 .01
Saginaw 92725 927.25 9 100 127 .24 .02 .01
Sanilac 14304 572.16 8 25 22 .11 .02 .01
Schoolcraft 3619 144.76 4 25 26 .26 .04 .04
Shiawassee 26421 1056.84 12 25 43 .14 .02 .01
St. Clair 50958 1019.16 14 50 73 .10 .01 .01
St. Joseph 22152 886.08 12 25 41 .14 .02 .01
Tuscola 19292 771.68 8 25 45 .23 . .04 .03
Van Buren 24204 968. 16 12 25 74 .25 .03 .02
Washtenaw 97229 972.29 12 100 141 .12 .02 .01
Wayne 1178938 11789. 38 15 100 150 .10 .01 .01
Wexford 9101 364.04 4 25 34 .34 .02 .02
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RESULTS, BY COUNTIES, OF 1871 TIRE SURVEY

TABLE 7

Vehicle Tire Condition, percent

County One Two Three All None
Smooth Smooth Smooth Smooth Smooth

Alcona 1.00 10.00 0.00 2.00 87.00
Alger 4,80 8.80 1.60 2.40 82.40
Allegan 5.50 13.00 0.50 0.75 80,25
Alpena 6.00 7.00 0.50 0.50 86. 00
Antrim 4,00 10,00 0.00 4.00 82. 00
Arenac 6.00 17.00 1.00 2.00 74.00
Baraga 5.00 4,00 0. 00 0.00 91.00
Barry 5.50 11.00 1.50 4,00 78. 00
Bay 4,86 9.00 1.00 2.57 82.57
Benzie 3.00 6.00 2.00 1.00 88.00
Berrien 2.80 13.20 0.90 4,20 78.90
Branch 5.50 7.00 1.50 4,50 81.50
Calhoun 6.25 7.13 1.50 4,50 79. 37
Cass 2.00 11.00 0.00 2.00 85.00
Charlevoix 4.00 11.00 1.00 5.00 79.00
Cheboygan 10.00 13.00 0.00 0.00 87.00
Chippewa 4.00 4,00 0.00 0.00 92. 00
Clare 1.00 11.00 1.00 5.00 82.00
Clinton 3.50 2.00 0.00 1.50 93,00
Crawford 3.00 16.00 0.00 5.00 76.00
Delta 5.50 7.00 0.50 0.00 87.00
Dickinson 5.00 3.00 2.00 0.00 90.00
Eaton 3.67 2.67 0.33 0.33 93.00
Emmet 3.00 11.00 0.00 1.00 85.00
Genesee 5.00 8.88 0.87 2.25 83.00
Gladwin 9.00 12.00 0.00 2.00 77.00
Gogebic 0.00 3.00 0.00 0.00 97. 00
Grand Traverse 2.00 3.00 0.50 0.50 94,00
Gratiot 3.50 10.50 1.50 3.50 81.00
Hillsdale 3.00 4, 00 0.50 0.00 92.50
Houghton 5.50 3.00 0.00 0.00 91.50
Huron 7.50 16.50 0.50 3.50 72.00
Ingham 3.92 2.33 0.08 0.08 93.59
Ionia 5.50 14. 00 1.50 3.00 76.00
Iosco 4.00 13.00 0.00 1.00 82.00
Iron 4,00 2.00 0.00 0.00 94. 00
Isabella 3.00 17.50 1.50 1.50 76.50
Jackson 3.67 3.83 0.33 0.83 91.84
Kalamazoo 4.46 12.08 0.63 3.27 79.56
Kalkaska 2.00 13.00 2.00 5.00 78.00
Kent 6. 33 10.47 0.93 2.00 80.27
Keweenaw 3.00 2.00 0.00 0.00 95,00
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RESULTS, BY COUNTIES, OF 1971 TIRE SURVEY

TABLE 7 (Cont.)

Vehicle Tire Condition, percent

County One Two Three All None
Smooth Smooth Smooth Smooth Smooth

Lake 2.00 3.00 0.00 0.00 95.00
Lapeer 6.00 7.00 1.00 5.00 81.00
Leelanau 6.00 4.00 1.00 0.00 89, 00
Lenawee 3.20 2.20 0.00 0.40 94,20
Livingston 5.00 4,33 0.67 0.00 90.00
Luce 2.00 1.00 1.00 0.00 96. 00
Mackinaw 3.00 4,00 0.00 0.00 93.00
Macomb 2.90 8.40 0.50 2.00 86.20
Manistee 4,00 5.00 0.00 1.00 90. 00
Marquette 3.33 4,00 0.00 0.0¢ 92.67
Mason 4.00 7.00 0.00 1.00 88.00
Mecosta 4,00 5.00 0.00 0.00 91.00
Menominee 4.00 7.00 1.00 1.00 87.00
Midland 3.00 11.25 0.75 0.75 84,25
Missaukee 3.00 13.00 2.00 2.00 80,00
Monroe 5.00 4.50 0.33 0.17 90. 00
Montcalm 0.50 4.00 0.00 0.00 95.50
Montmorency 1.00 11.00 J.00 0.00 88.00
Muskegon 1.56 1. 33 0.11 0,00 97. 00
Newago 5,50 2.00 0.50 0.50 91.50
Oakland 3.83 8.40 1.44 1.83 84.50
Oceana 4,00 1.00 0.00 0.00 95.00
Ogemaw 3.00 12.00 2.00 1.00 82. 00
Ontonagon 4,00 4,00 0.00 0.00 92. 00
Osceola 4,00 4,00 0.00 0.00 92,00
Oscoda 2.00 9.00 1.00 1.00 87.00
Otsego 2.00 9.00 0.00 3.00 86.00
‘Ottawa 5.72 12.14 1.57 1.57 79.00
Presque Isle 3.00 9.00 2.00 2,00 84.00
Roscommon 3.00 5.00 0.00 5.00 87,00
Saginaw 4,33 11.67 2,00 2.00 80.00
Sanilac 1.00 13.50 1.50 1.00 83.00
Schoolcraft 5.00 11.00 0.00 1.00 83.00
Shiawassee 8.33 6.00 0.00 1.33 84. 34
St. Clair 5.57 9.43 1.43 3.85 79.71
St. Joseph 3.67 10. 33 1.00 2.67 82.33
Tuscola 4,00 13.00 0.50 5.00 77.50
Van Buren 5.67 8. 33 1.67 2.67 81. 66
Washtenaw 4,42 3.84 0.33 0.08 91. 33
Wayne 5,06 8.60 0.87 1.87 83.60
Wexford 2,00 3.00 0.00 1.00 94.00
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TABLE 8
1971 MICHIGAN TREAD WEAR AND SNOW TIRE SURVEY

" Tire Passenger Pickup and |4-Wheel Drive
Classification Cars Panel Trucks Vehicles
one half-smooth 0,005 0.001 0
two half-smooth 0.003 0 0
one smooth 0.040 0.024 0. 007
two smooth 0.081 0.071 0.004
three smooth 0.008 0. 005 0
four smooth 0.018 0.024 0.005
with smooth tires 0.155 0.125 0.029
without smooth tires 0.845 0.875 0,971
with snow tires 0.438 0.651 0.870
without snow tires 0.562 0. 349 0.130
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APPENDIX A

DEVELOPMENT OF SAMPLING PLAN FOR
TIRE STUD SURVEY

It is known that tire studuse varies greatly between areas of the State,
probably as a function of average snow fall, character of terrain (hilly or
flat), and economic condition. Therefore, one Statewide estimator of the
proportion of vehicles with tire studs would not be as accurate for inves-
tigating wear ona given highway as would alocal estimator. The Statewide
estimator could be heavily weighted by large population centers and might
not be a good indicator for a county such as Houghton which hashigh snow-
fall, hilly terrain, but a relatively small number of vehicles. Therefore,
it appears that stratified sampling would be appropriate, with each strata
contributing to a Statewide estimate of parameters but also serving as a
local estimator. Since vehicle registration data are available for each of
Michigan's 83 counties the State will be stratified into counties and regis-
tration data will be used for determining sample size and allocation.

Moreover, each item in the sample will be classified simply as to
whether it does or does not have tire studs, so the situation is a natural for
sampling for proportions. The 1969-1970 survey indicated that variations
in proportions of vehicles with studded tires was great enough between
counties to warrant a Neyman allocation, rather than proportional, since
variance is a function of proportion (p). Therefore, the results of the 1969~
1970 survey will be used in allocating the sample.

To summarize: the sample space will consist of all automobiles reg-
istered in Michigan; for estimates of county parameters, the sample space
will be all automobiles inthe county, elementary units will be automobiles,
the random variable Xp s takes on values of 1 if an automobile j in county h
has studded tires or 0 i% not, and the vehicle registration list, at least ini-
tially, is the sampling frame. Statistical parameters will be estimated.

Statewide Estimation

For a first estimate of total sample size, the finite population cor-
rection (fpc) will be ignored and the expression will be:

83 2
| (Z' Nh/anh>

T10=N2 Vv
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where:

n = number of automobiles in total sample

Nh =  number of automobiles registered in county h

N = number of automobiles registered in state

p, = e'stimated fraction of automobiles in county h with studded
tires

@ = estimated fraction of automobiles in county h without studded

tires (1 - ph)
V = desired variance
let the desired confidence level = 95 percent
the desired precision = 0.02 (2%)

then:

v-(992T+ (001 -0000

After nO is computed, a corrected value of total sample size (n) will be
computed:
Mo Mo

N =
i+ﬁ thWhthh l+ﬁ 2 NnPuln

n=

The preceding allocations are not exact since two stage cluster sam-
pling for proportions is to be used within each stratum, However, simple
random sampling (SRS) will be assumed for this first estimate which is
based on data from last year. For next year's survey, better estimates of
parameters should be available to aid in making a more precise allocation.

The proportion of automobiles inthe sample space (State) will be esti-
mated by:

A 83

Psy = ’|\|T % NhPh
where:
Nh = number of automobiles in stratum h
ph = proportion of automobiles with studded tires in stratum h
N = number of automobiles in sample space
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For reasons discussed later, two stage cluster sampling will be used within
each stratum. The variance of an estimated population total (X) is esti-
mated by:

A L 2Mh-mh s2 L Ma @b Nhi-nni S
V(X)) =1 Mh Vi mr T e > Nhim“ ﬁ#{
o X . . , s 1
and since Pst 2—_1\?; the preceding expression can be multiplied by—I\?; to
t i .
determine V (Pst)
where:

Mh =  number of clusters or primary sampling units (psu) within
stratum h from which mh sample clusters or secondary sam-
pling units (ssu) are selected.

s}f = represents variation between psu within county h

Sl?i = represents variation within the ith psu of stratum h

Nhi =  number of ssu in psu i of county h

n . =  number of ssu taken from psu i of county h

L = number of counties = 83

Within County Estimations

Usingthe preceding steps an estimate canbe cbtained, valid Statewide,
of the proportion of automobiles using studded tires. Another equally im~-
portant goal is to estimate, with desired precision and accuracy, the pro-
portion of automobiles with studded tires within each county.

For survey efficiency, clusters will be selected by randomly selecting
primary sampling units (psu) which will be towns or cities within each coun-
ty. Surveyors will be instructed to travel to each designated town or city
and inspect the first cluster consisting of a given number of automobiles
that they encounter, which are parked ona public street or parking lot. This
cluster, inspected by surveyors, will be the ssu. All ssu within any given
county will be equal and will consist of n automobiles.

Obviously all automobiles in every county are not located exclusively

in towns or cities. Therefore, samples will be biased in favor of automo-
biles located in cities or towns during workdays when surveys are made.
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For a preliminary estimate of the number of automobiles tobe sampled
in each county, the following expression will be used:

he NnhZ2Prdh
Nhd?+Z2Pydn

n = sample size in number of automobiles for county h
Nh = number of automobiles in county h
ph = proportion of automobiles with studded tires in county h
4 = (l-p)
d = desired precision of estimate (= 0. 02 in this case)
Z = number of standard deviates togive desired confidence level.

In this case, desired confidence level is 95 so Z= 2.

Although the above formula is not exact for our survey, since itapplies
to SRS without replacement, it will give us an approximate sample size.

In order to obtain an unbiased estimate of Ph for each county, towns
or cities will be selected randomly with probability proportional to size,
with replacement (pps wr). Data listing the humber of automobiles located
in each city or town cannot be obtained without great difficulty sc cities or
towns will be weighted, for probability of selection, by population count.
It appears reasonable to assume that, within each county, population is
directly related to number of automobiles.

Then an unbiased estimator of P, is:

=

A |
I:)hpps weom

M3

D

i
and the variance is estimated by:

A A | | Im A
0 (Prps wh=r 77 L (p;-Phpps w,) ’
-

where:
m = number of psu
pi = proportionof vehicles having studded tires in ssufrom cluster
(psu) i
1D
Pi= &~ )5 X ij
xij = car j in cluster (psu) i
n = number of cars in ssu.
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Details

Surveyors will work in pairs, one recorder and one inspector. A broom
or brush will be carried by each pair to clean snow or mud-covered tires
where necessary. A letter, describing the survey and written with Depart-
ment letterhead, will be carried by each team in case they are confronted
by police, parking lot guards, etc., while inspecting automobiles. Where
parking lots are conspicuously guarded, the letter will be presented and
permission requested before beginning the survey.

Survey forms, similar to the cne attached, will be used for recording
data with one form being used for each cluster.

Remarks

Table 9 lists the total sample size and Neyman allocation of the sample
for each county. This was determined on the basis of sampling sufficient
to estimate parameters for the State as a whole. For many counties, the
sample size is unrealistically small, less than one vehicle for some coun-
ties. If this sample allocation were to be used in the survey, each county
should be examined and the sample size increased in almost every case,
especially since costs for sampling elementary units are so small, once
the surveyors have traveled to the area. However, as seen in the fol-
lowing, a much larger sample is required toestimate parameters for each
county.

Tablel 0 lists sample sizes appropriate for surveys to estimate individ-
ual county parameters. In the caseof the Statewide estimate, a total sam-~
ple size was first determined (1005 automobiles in this case) and then al-
located to each county. For county estimates, sample sizes necessary to
obtain desired precision were estimated for each county and these values
were summed to give the total for the State (92,256 in this case). Thus,
for equal precision in the survey, it would take a sample about 92 times
as large to estimate parameters valid for each county as it would if only
Statewide parameters were estimated.

In the case of the individual county survey (Table 10), samples for each
county are too large tobe practical inmany cases. For example, Keweenaw
County (No. 42) only has 837 registered automobiles. Yet a sample size
of 612 is necessary togive a 95 percent confidence of precision within2 per-
cent. For the actual survey, a modified version of the Table 10 allocation
will be used. Counties will be grouped by similar numbers of automobile
registrations and separate precisions established for each group. To il-
lustrate why a precision in percent would not have to be identical for each
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county, an error of 10% in the estimated proportion of studded tire vehicles
in Wayne County would be much more serious than in Keweenaw in esti-
mating repetition of studded tires traveling over a pavement. Details and
results of the sample survey actually used are listed in Table 6.
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TABLE 9
SAMPLE ALLOCATION FOR DETERMINATION OF PROPORTION OF VEHICLES
IN STATE USING TIRE STUDS

County Registered]| Proportion] Required County Registered |Proportion | Required
Vehicles | With Studs| Sample Vehicles |With Studs | Sample

Alcona 3886 0.11 0.99 Lake 2254 0.10 0.55
Alger 3270 0.30 1.22 Lapeer 19530 0.07 3.91
Allegan 27901 0.17 8.57 Leelanau 4460 0.17 1.36
Alpena 13432 0.08 2.88 Lenawee 36526 0. 05 6.47
Antrim 5168 0.25 1.82 Livingston 22829 0.15 6.56
Arenac 4467 0.14 1.26 Luce 2374 0.29 0.88
Baraga 3231 0. 30 1.20 Mackinac 3525 0.18 1.10
Barry 14301 0,23 4,89 Macomb 282989 0.09 65,82
Bay 50619 0.08 1i.256 Manistee 8950 0.24 3,11
Benzie 3830 0.23 1.31 Marquetté 24144 ‘0. 40 9.63
Berrien 78346 0.13 21.06 Mason 9652 0.19 3.08
Branch 15912 0.09 3.61 Mecosta 9995 0.16 - 2.98
Calhoun 65290 0.10 16.09 - Menominee 10607 0.09 2.47
Cass 19065 0.13 l; 5.21 Midland 29150 0.15 8. 46
Charlevoix 6974 0.18 2.18 Missaukee 2795 0,25 0.98
Cheboygan 6931 0.23 2.37 Monroe 50784 0.06 9,93
Chippewa 11691 0.16 3.48 Montcalm 17672 0.12 4,67
Clare 6722 0.20 2.19 Montmorency 2418 0.10 0.59
- Clinton 16667 0.10 3.97 Muskegon 68258 0.18 21.46
Crawford 2911 0.25 1.02 Newaygo 12423 0.26 4.40
Delta 14653 0.21 4,81 Oakland 432637 0,11 110.40
Dickinson 10815 0.24 3.75 Oceana 6638 0.25 2.34
Eaton ~27415 0.08 6,04 Ogemaw 5116 0.17 1.56
Emmet 8261 0.33 3.16 Ontonagon 4174 0.12 1.10
Genesee 195742 0.09 45.09 Osceola 6262 0.20 2.04
Gladwin 5249 0.11 1.33 . Oscoda 2030 0.13 0.55
Gogebic 8575 0.17 2,62 Otsego 4562 0,18 1.42
Grand Traverse 19371 0.22 6.52 Ottawa 55505 0.19 17.75
Gratiot 16784 0.16 4,94 Presque Isle 5149 0.09 1.20
Hillsdale 16209 0.09 3.77 Roscommon 5298 0.19 1.69
Houghton 12659 0.42 5,08 Saginaw 92725 0.09 21.20
Huron 15225 0.19 4,80 Sanilac 14304 0.14 4.03
Ingham 115471 0.13 31.35 Schoolcraft 3619 0.30 1.35
Tonia 18462 0.18 5.76 Shiawassee 26421 0.13 7.30
TIosco 9432° 0.07 1.96 St. Clair 50958 0.08 11.23
Iron 6118 0.12 1.62 St. Joseph 22152 0.10 5.40
Isabella 13974 0.16 4,11 Tuscola 19292 0.22 6.44
Jackson 62310 0.07 12,48 Van Buren 24204 0.16 7.21
Kalamazoo 86705 0.18 27.12 Washtenaw 97229 0.10 24.14
Kalkaska 2411 0.22 0.81 Wayne 1178938 0.10 283.43
Kent 185857 0.18 57.86 Wexford 9101 0.24 3.16

Keweenaw 837 0.35 0.32
TOTAL 1005, 22
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TABLE 10
SAMPLE ALLOCATION FOR DETERMINATION OF PROPORTION OF
VEHICLES USING STUDDED TIRES IN EACH COUNTY

Registered | Proportion| Required Registered|Proportion |{Required

County Vehicles | With Studs| Sample County Vehicles |With Studs| Sample
Alcona 3886 0.11 781.99 Lake 2254 0.10 643.18
Alger 3270 0. 30 1278, 77 Lapeer 19530 0.07 589. 41
Allegan 27901 0.17 1357.96 Leelanau 4460 0.17 1071. 89
Alpena 13432 0.08 659.68 Lenawee 36526 0.05 468. 90
Antrim 5168 0.25 1375.83 Livingston 22829 0.15 1186.72
Arenac 4467 0.14 948, 38 Luce 2374 0.29 1102. 65
Baraga 3231 0.30 1272.76 Mackinac 3525 0.18 1040. 37
Barry 14301 0.23 1575.85 Macomb 282989 0.09 816. 64
Bay 50619 0.08 736.86 Manistee 8950 0.24 1515.20
Benzie 3830 0.23 1211.02 Marquette 24144 0.40 2188. 37
Berrien 78346 0.13 1078.69 Mason 9652 0.19 1327. 36
Branch 15912 0.09 741.51 Mecosta 9995 0.16 1184.70
Calhoun 65290 0.10 907.16 Menominee 10607 0.09 760. 30
Cass 12065 0.13 1067.66 Midland 29150 0.15 1221.57
Charlevoix 6974 0.18 1218.18 Missaukee 2795 0.25 1122.19
Cheboygan 6931 0.23 1410.57 Monroe 50784 0.06 572. 41
Chippewa 11691 0.16 1205.42 Montcalm 17672 0.12 996, 46
Clare 6722 0.20 1292. 38 Montmorency 2418 0.10 655. 88
Clinton 16667 0.10 817.58 Muskegon 68258 0.18 1464, 88
Crawford 2911 0.25 1140.44 Newaygo 12423 0.26 1647.77
Delta 146563 0.21 1466.63 Oakland 432637 0.11 983. 77
Dickinson 10815 0.24 1560, 77 Oceana 6638 0.25 1462, 03
Eaton 27415 0.08 716.76 Ogemaw 5116 0.17 1105. 97
Emmet 8261 0.33 1744,18 Ontonagon 4174 0.12 842,78
Genesee 195742 0.09 800.10 Osceola 6262 0.20 1274. 38
Gladwin 5249 0.11 825.11 Oscoda 2030 0.13 726. 33
Gogebic 8575 0.17 1211.63 Otsego 4562 0.18 1115.19
Grand Traverse 19371 0.22 1576. 36 Ottawa 55606 0.19 1505.68
Gratiot 16784 0.16 1214.94 Presque Isle 5149 0.09 706.61
Hillsdale 16209 0.09 779.61 Roscommon 5298 0.19 1162.57
Houghton 12659 0.42 2042, 88 Saginaw 92725 0.09 786,13
Huron 15225 0.19 1371.89 Sanilac 14304 0.14 1110.53
Ingham 115471 0.13 1105.47 Schoolcraft 3619 0.30 1328. 89
Tonia 18462 0.18 1366.73 Shiawassee 26421 0.13 1106. 91
Tosco 9432 0.07 608,97 St. Clair 50958 0.08 725.52
Iron 6118 0.12 900. 56 St. Joseph 22152 0.10 864. 86
Isabella 13974 0.16 1197.51 Tuscola 19292 0.22 1551, 98
Jackson ' 62310 0.07 601,88 Van Buren 24204 0.16 1273. 30
Kalamazoo 86705 0.18 1456, 86 Washtenaw 97229 0.10 924,55
Kalkaska 2411 0.22 1002.49 Wayne 1178938 0.10 874, 45
Kent 185857 0.18 1456.16 Wexford 9101 0.24 1519.47
Keweenaw 837 0. 35 611,88

TOTAL 92255, 79
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