Standard Method of Tes:
Jor

Side Force Friction on Paved Surfaces Using the Mu-Meter

1. SCOre

L1  This method covers the measure-

ment of the side force friction of paved

surfaces utilizing a device commonly

called 2 Mu-Meter.

1.2 This method utilizes a measure- '

ment obtained by pulling the Mu-Meter,
containing two freely wotating test wheels
angled to the direction of motion, over
a wetted pavement surface at a constant
speed while the test wheels are under a
constant siatic load. This method pro-
vides a continuous graphical record of
the side force friction along the whole
length of the test surface and enables
averages lo be obtained for any speci-
fied length,

1.3 The values stated in SI units are
1o be regarded as the standard.

1.4 This standard may involve haz-
ardous materials, operations, and equip-
ment. This standard does not purpon
o address all of the safery problems
associated with its use. It is the responsi-
bility of whoever uses this standard 10
consult and establish apprapriate safety
and health practices and determine the
applicability of regulatory limitations
prior to use. Safety precautionary infor-
mation is contained in Secticn 6.

2. REFERENCED DOCUMENTS

2.1 ASTM Standards:

E 178 Recommended Prac-
tice for Dealing with
Outlying Observa-
tions

E 303 Measuring Surface

. Frictional Properties
Using the British Pen-
duluin Tester

680

AASHTO DESIGNATION: T 268-91
(ASTM DESIGNATION: E 670-87)

Other Document:

MLH 148 ML Aviation Mu-Meter
Instruction and Ser-
vicing Manual

3. SUMMARY OF METHOD

3.1 The Mu-Meter consists of a
trailer similar to the one in Figure 1,
which is towed by a vehicle or incorpo-
rated into an automotive vehicle.

3.2 The test tires are positioned in_

the test mode. The Mu-Meler is brought
10 the desired test speed. Water is deljv-
ered ahead of the test tires and the begin-
ning of the test is marked. The resulting
sideways or cornering fnction force act-
ing between the test tires and the pave-
ment surface is recorded on a strip char.
The speed of the test vehicle is recorded
with the aid of suitable instrumentation.

3.3 The side feree friction is deter-
mined from analysis of the strip chart
record and reported as Mu Number

(MuN).

4. SIGNIFICANCE AND USE

4.1 The knowledge of side force fric-
tion serves as an additional tool in char-
acterizing pavement surfaces. Side force
friction data alone may be of limited
value in determining the suitability of
paving materials or finishing techniques.

. However, when used in conjunction with
" other physical and chemical tests, the
- side force friction may contribute to

characterization of pavement surfaces.
4.2 The values measured with the

' equipment and procedures stated herein

do not necessarily agree or corrclate di-
rectly with those obtained by other paved

. surface friction measuring methods.

5. APPARATUS

5.1 Tow Vehicle—The tow vehicle
shall be capable of towing the Mu-Meter
at a speed of at Jeast 65 km/h (40 mph)
and maintaining this speed witkin = 1.0
km/h (0.5 mph). If tests are conducted
at speeds greater than 65 kmv/h(40 mph),
the vehicle shali be capable of main-
taining these speeds within 1.5 kmvh (1
mph). The vehicle shall have a suitable
towing hitch centered 450 *+ 15 mm
(18.0 = 0.5 in.) from the ground for
Mu-Meters with unadjustable hitches.
For Mu-Meters with adjustable hitches,
the towing ball shall be placed so that
the standard datum line on the Mu-Meter
15 300 % 15 mm (12.0 = (.5 in.) from
the ground. In either case, the hitch
height shall not vary more than 50 mm
(2 in.) between the loaded and unloaded
towing vehicle condition.

5.2 General Requirements for Mea-
suring System—The instrumentation sys-
tem shall conform to the following over-
all requirements at ambient temperatures
between 4 and 38°C (40 and 100°F) as
follows: . : f )

Overall system accuracy = 3 percent of
full scale

Time stability calibration 10-hour min-
imum :

The exposed portions of the measuring
system shall tolerate 100-percent relative
humidity (rain or spray) and all other
adverse conditions, such as dust, shock,
and vibrations that may be encountered
in pavement test operations.

5.2.1 Trailer—The trailer configura-
tion for testing shall. be essentially as
shown in Figure 1 with the two test
wheels, each mounted 7.50 = 0.75 de-
grees outward from the centerline of the
Mu-Meter. The two test wheels shall
have limited angular travel so the side
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FIGURE 1

force friction can be transmitted 1o the
force cell mounted within the frame with
a minimum angular difference. The test
wheel major plane should tilt approxi-
mately 2 degrees outward trom the veru-
cal when in the toe-out position. The
rear stabilizing (third) wheel advances
the strip chart record.

5.22 Force Cell—The force cell
shall be mounted in a position such that
2200 N (500 Ibf) of tensile force is equiv-
alent to the side force exerted by the
wheels on a pavement having a MulN
(Mu Number) of 100. The travel of the
force cell during loading shall be suffi-
ciently small so the total included angle
between the test tires does not change
by more than 0.5 degrees during the test.
The force cell shall provide an output
directly proportional to the force with
hysteresis less than 2 percent of the ap-
plied load up to the maximum expected
loading, and sensitivity to any expected
cross-axis loading less than 2 percent of
the applied load. The force cell shall be
mounted in such a manner as to expen-
ence less than 1-degree angular rotation
from the horizontal plane at the maxi-
mum expected loading.

5.2.3 Wheel Load—The apparatus
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Mu-Meter Schematic

shall have the following vertical static -
loads. when the unit is in the toe-out
position ready for testing and when the
tires are inflated to their proper pressures:

Each test wheel 760 = 10 N (171 %=

2 ibf) ‘
Rear wheel 52510 614 N (118 to 138 [bf)
Towing hitch 360 N (80 1bf)

3.2.4  Tires:

52.4.1 The general requirement for
the Mu-Meter test tires for measuring side
force friction are given in Anpex Al. The
tire pressure in the two test wheels shall
be 70 = 3 kPa (10.0 = 0.5 psi) measured
at ambtent temperature {cold).

52.42 The rear stabilizing tire shall
be treaded and shall be the same size as .
the test tires. Tire pressure in the rear
stabilizing tire shall be 200 * 15 kPa
(30 % 2 psi) measured at ambient tem-
perature (cold).

5.2.5 Recoraer—The recorder shall
measure and record the force cell tensile
force from O to 2225 N (0 to 500 Ibf)
lineariy on the chart as 0 to 100 MuN
and the advance of the chart shall be
linear with distance. The recorder shall
have at least one event marker, remotely
controlled, to indicate the beginning and

end of test runs or other eveats during
the test. Other remote or digital readout
capabilities are permissible.

5.2.6 “Vehicle” Speed-Measuring
Transducers—Transducers such as “fifth
wheel” or transmission-coupled tachom-
eters shall provide speed resolution and
accuracy of % 1.5 percent of the indi-
cated speed or = 1.0 kmvh (= 0.5 mph).
whichever is greater. The output shall be
directly viewable by the operator. The
speed shall be recorded.

53 Pavement Wertting System:

5.3.1 The water being applied to the
pavcinent ahead of the test tires shall be
supplied by a nozzle conforming to the
dimensions of Figure 2. For airport run-
ways, the recommended quaatity of wa-
ter applied at 65 kmvh (40 mph) shall
be 1.2 L/min - mm % 10 percent (8 gal/
min - in. * 10 percent) of wetted width.
The water layer shall be at least 25 mm
(1 in.) wider than the toed-out test-tire
pavement width and applied so the tire
is centrally located between the wetted
edges during the actual testing. The vol-
ume of water per millimeter (inch) of
wetted width shall be directly propor-
tenal to the test speed.

NOTE 1—For highway use, the alternative
recommended flow rate of 0.6 L/min - mm
= 10 percent (4 gal/min - in. = {0 percent)
of wetted width may be used. Since friction
on paved surfaces is dependent upon water
depth, the calculated surface water depth pro-
duced. by this reduced flow shall be reported
as required in Sections 12.1.5 and 12.2.11.

532 The nozzle configuration and
position shall ensure that the nozzle center-
line is pointed toward the paved surface
at an angle of 25 * 2 degrees unless a
brush is used. The water shall strike the
paved surface 150 to 200 mm (6 to 8 in.)
ahead of the vertical centerline of the Mu-
Meter test tire. The nozzle shall be of such
2 height that it clears all obstacles which
the Mu-Meter is expected to encounter
and shall provide a water wetted width as
required in Section 5.3.1. but in no case
shall the nozzle be more than 100 mm (4
in.) above the paved surface.

5.3.3 The water used shall be reason-
ably clean with no chemicals added, such
as wetting agents or detergents.

NOTE 2—The nozzle design and water
distribution system required to provide de-,
sired pavement water depth(s) are currently
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undergoing evaluation, and experimenta) vali-
dation has not been completed.

6. SAFETY PRECAUTIONS

6.1 The towing vehicle and Mu-Me-
ter, as well as all attachments, shall com-
ply with ali applicable State and Federal
laws. All necessary precautions shall be
taken 10 ensure the safety of personnel
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FIGURE 2 Pavement Wetting System

and other traffic. No tests shall be made
if there is danger that the dispersed water
may freeze on the pavement.

7. SAMPLING

7.1 Test Sections—Sharp curves and
steep grades shall not be included in a

. lest section with level tangent sections,

. MGID MOUNT NOZZLE PER )
PARAGRAPIC §.3,2.

TINCH - 28 «mm

nor shall passing lanes be included with
traffic lanes. An anempt shall be made
to keep test sections as uniform as possi-
ble so the resulting average of the re-
corded test shall be an -average of a
uniform surface. Normally, highway tesi-
ing shall be accomplished with the lefi -
test. wheel in the center .portion of the
left wheelpath of a traffic lane. Normally,
airport testing shall be performed ap-
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