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1. Scope—Thjs SAE Recommended Practice provides general guid€lines for measuring the $plash and spray

produced by vehicles operating over wet pavements. The guidelines describe both the video digitizing and the

laser methgds of analysis. The video-digitizing method uses*video images and contrag
ck and white checkerboards when a spray «loud is superimposed on them

means of measurement. It is left to the users of this ‘practice to decide which method is bg
needs. Thdre is no implied relationship between these two methods, although it is expected t
relative spray reduction between test vehicle configurations would be approximately the sa
listed in thi§ document are to be considered as-common to both methods, unless otherwise n

There are cpmplex interactions of variablés'that affect splash and spray, and by its nature, it
turbulent phenomenon. This document attempts to address these variables as comple]
understood|at this time. Until they .are better understood, it is necessary to limit this re
procedure tp the following conditions:

t measurements
as a means of
ray cloud as the
st suited to their
hat the ranking of
me. All sections
bted.

is a very chaotic,
lely as they are
commended test

a. It dnly applies tow‘A<B” comparisons done under the “same” conditions as out]ined in the test
profedure

b. Tedts done at different sites may not necessarily be comparable, depending on the|exact conditions
and specific-site locations at the time of the tests.

c. Bedgause ‘unhcontrollable variables such as wind speed and direction, water depth, humidity, and
te perature can have a profound effect on measured results, smaII dlfferences (on the order of 10 to
159 N small measured
differences should be V|ewed with cautlon

d. Results from the testing should be reported as the difference between the 95% confidence bands and
not as the differences between averages.

e. Each configuration tested shall have a separate value with 95% confidence bands reported for each of

eight wind conditions using the downwind rule, as outlined in the data reduction.

This shall ensure that the variability of each wind condition is accounted for with the 95% confidence bands
and compared as separate data sets. The results shall in no way be misrepresented as absolute numbers.
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References

2.1 Applicable Publications—The following publications form a part of this specification to the extent specified

211

4.1

4.2

herein.

ASTM P uBLICATIONS—AVvailable from ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959.

ASTM E 501-94(2000)—Standard Specification for Standard Rib Tire for Pavement Skid-Resistance Tests
ASTM E 524-88(2000)—Standard Specification for Standard Smooth Tire for Pavement Skid-Resistance
Tests

Test Vehicles—This teSt procedure cCompares vehicie configurations under the —Same™]

comparison
treatments

configuratio
specifics sh
the vehicle

photograph
full-thread d

Treatment (
supported q
treatment c

Test Site

bn be meaningfully compared with others.

g

3

is most accurate if the test vehicles are essentially identical except for the
Linder evaluation. Each test vehicle used for evaluating splash and spray shall
n that is commonly operated on the highway (e.g., a loaded tractor-trailer comb
ould be noted about each vehicle's configuration to allow meaningful comparisons
Hata sheet). Photographs of the side and front view of the vehicle arérequired. A
5 of any splash and spray reduction devices should be included.(Itis recommend
epth and be inflated to the manufacturer's recommended cold inflation.

or combinations of treatments) for reducing splash and_spray should be very sped
y photographs. Layout and installation details of theytreatment are very critical t

General L
other traffi
section, an

sufficient uprange distance to bring\the test vehicle to a steady velocity in ad
sufficient downrange distance to brake the test vehicle safely. Maneuveris

necessary tp ready the test vehicle for successive runs through the test section. All surfaces
vehicle will joperate should be smooth highway surfaces at minimum grades in order to me
reaching tept velocity in advance of the'test section. Direction of travel through the test
oriented as|close as possible to 90 degrees from the prevailing winds so that crosswinds pr
testing. If possible, the test layout should be bi-directional so that a test vehicle may bg
directions on successive runs: ~This layout permits relative wind direction to be varied by 18
same test day.

Test Sectignh—The_recommended test section consists of an asphaltic concrete surface

conditions. The
plash and spray
be full-scale, in a
nation). Certain
(see Figure 1 for
dditional detailed
bd that tires have

ifically noted and
b ensure that the

ation and Layout—Evaluating splash-and spray on heavy trucks requires a large area closed to

bance of the test
g space is also
on which the test
pt the criterion of
ction should be
dominate during
run in opposite
D degrees on the

vith a clear path

3.66m wide|by 121592 m long (12 ft wide by 400 ft long). The asphalt texture should vary aq little as possible

with an average.depth of 0.08 cm (0.030 in) and have a rib tire skid number of approximatel

y 65 and smooth

tire skid number of approximately 20, as measured according to ASTM E 501-94(2000) allld ASTM E 524-

88(2000), respectivety.

A cross slope of 1% in the test section is recommended for even water runoff. Slope in the dir
the test vehicle should be less than the cross slope to ensure water flow across the direction

ection of travel of
of travel.

Approach lanes for vehicle run-up and braking shall connect with the test section so as to provide minimum

discontinuity, through the use of suitable ramping.
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Configuration: Dates: to

TRACTOR

Make/Model/Year VIN

No. of Axles Wheelbase (cm) (in) 5th Wheel Location (cm) (in)
Sleeper Style/Size

Tires: Size/Type/Make/Model
Aerodynamic/Spray Reduction Treatments

TRAILER

Make/Model/Ypar/VIN Type

Type of Side Type of Corner

Height (cm) (in}) Length (cm) (in) No. of Axles GVW (kg) (Ib)
Cab to Trailer Gap (cm) (in) Side Fairing to Trailer{(cm) (in)

Trailer to Trailér Gap (cm) (in) /

Tires: Size/Type/Make/Model
Aerodynamic/$pray Reduction Treatments

Inflation Pressyre (cold) (psi) (kPa) / Tread Depth(cm) (in):

R ]
/ /

{ 1 ]
/ /

FIGURE 1—VEHICLE DATA SHEET
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Side view of truck.

Front view of truck.

FIGURE 1—VEHICLE DATA SHEET (CONTINUED)
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Splash and spray reduction devices on a tractor.

Splash and spray reduction devices on a trailer.

FIGURE 1—VEHICLE DATA SHEET (CONTINUED)
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DiGITIZING METHOD—The cameras shall be located approximately 60.96 m (200 ft) from the checkerboards.
The anemometer shall be located approximately 25.91 m (85 ft) from the checkerboards, 5.49 m (18 ft) from
the centerline of the test section, and centered on either checkerboard. The first electronic eye used to
trigger the camera for the control image shall be located 24.38 m (80 ft) before the cameras (or 85.34 m
(280ft) before the checkerboards). The second electronic eye shall be located 10.67 m (35 ft) before the
checkerboards and outside of the field of vision of the cameras. A rectangular section of pavement 3.66 m
(12 ft) to the sides of each checkerboard and 7.32 m (24 ft) in front of the checkerboards shall be painted
with a flat black paint in order to reduce variability from reflected light. The checkerboards shall be located
3.35 m (11 ft) apart and 1.68m (5.5 ft) from the centerline of the track. See Figure 2 for details.

421

422 LASER METHOD—The laser and sensor shaII be separated by at Ieast the Iength of the Iongest vehicle which

4.31

432

5.

5.1

5.1.1

5.1.1.1

5.1.1.2

Test Instri

Splash ang

endounters a wet pavement, exclusively.
The depth of water is between 0,05 c¢cm (0.02 in) and 0.13 cm (0.05 in), as measured
six fandomly selected locations jn the vehicle path on the 121.9 m (400 ft) test sectio
entation

Spray Measurement
DiGITizINg METHOD

s and'\lkenses—Two cameras and matching lenses are needed. The cameras
resolutipn~black and white, with a zoom lens capable of fitting a 2.44 x 3.66 m (8 x

Camers

3 shall be located

d parallel to the

espective sensor.
ates the AASHTO

Jp to 189 271 L
b0 gal/min). The

e of applying an
e, or other water-
tion system shall

No|splash or stream impinges upon the vehicle path through the test section, but rather, the vehicle

at a minimum of
n.

should be high-
2 ft) image—full

screen—at 60.96 m (200 ft) It1S preferable 1o have remote contrast and zoom adjust
cameras can be adjusted while monitoring the computer and framegrabbers.

Framegrabbers—Two framegrabbers are needed to allow simultaneous grabbing of an

nents so that the

image from both

cameras. To reduce costs, the framegrabbers should be able to operate while plugged into the same
computer. There should be enough memory on board for the framegrabbers to acquire and store at least

five images apiece in real-time video speed (30 frames per second). The framegra
capable of measuring a pixel intensity (or gray scale) of 256 (an illumination scale of 0 to

bbers should be
255 is common).

Efficient handling of the large files generated requires, at a minimum, a 386 computer with a math

coprocessor and 200 MB hard disc. A 150MB tape backup is recommended to store digi
for later reference and analysis.

tized test images
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FIGURE 2—TEST SECTION LAYOUT—DIGITIZING METHOD
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FIGURE 3—LATERAL PLACEMENT OF LASERS WITH RESPECT TO TEST VEHICLE
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5.1.1.3

60.96 m Midpoint of Test Section

—-——L—age—r(ZOO ﬂ) to end (type)
m—g

" Photocell

15.24 m
(50 ft) min

VEHICLE PATH

————————

/
|

f

3.66 m (12 ft)

é Anemometer

~—

OO0 --<---

Checké
into bla
of comn
be expa3
(12 ft) w
comput
differen

be whité.

LASER MH

evaluation. Any type of lasefbeam may be used to excite a photoelectric sensor, the voltag

is used tg
supply or
laser bea
laser and

Each pho

FIGURE 4—ANEMOMETER SETLOCATION

rboards—Each checkerboard, 3.66 m (12 ft) wide’and nominally 2.44 m (8 ft) tall
Ck and white squares measuring 0.3 m (1 ft)@éross and at least 0.3 m (1 ft) high.
hon framegrabbers typically is not perfectly square. If this is the case, then the g
nded in the vertical direction to matchcthe aspect ratio, but the checkerboard sh
ide in all cases. It is critical to match-the aspect ratio of the pixels in the framegra
er will divide the checkerboard into.distinct black and white regions, and a pixel c3
t regions or else the contrast measurements will be inaccurate. '

THOD—Measured light\transmission through the spray cloud shall comprise the
indicate light transmission. The laser devices shall either incorporate an interna
shall be powered by a regulated external power supply to assure a steady levg
m. For safety; it is recommended that the power of the beam not exceed 5 mW

sensor combinations shall be used to measure splash and spray.

ogelectric cell excited by a laser beam shall incorporate a simple convex lens of a

must be divided
The aspect ratio
heckerboard can
Bl remain 3.66 m
bber because the
nnot overlap two

The upper left-hand square is to

primary data for
e output of which
regulated power
| of power in the
cm?. Four such

liameter equal to

or larger

han the patch of light produced by the laser at the specified distance from the

hotoelectric cell.

The lens shall be positioned at a distance equivalent to its focal length in front of the photocell in the path of
the beam such as to focus the laser beam on the surface of the photoelectric cell. A nominal focal length

would be

4 diopters.

Output from each photoelectric cell shall be filtered electronically before recording. The filter shall eliminate
any frequency above 5 Hz and shall be at least fourth order in its response characteristics. This eliminates
any transients or spurious data produced by large droplets of water, which have a negligible effect on

visibility.

1. It should be noted that results reported from differently dimensioned checkerboards may not be comparable for a given spray cloud since the
calculations are based on the percent of the entire board that is obscured
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The laser transmissometers shall incorporate a provision to completely occlude laser-beam impingement on
the photoelectric cells in order to effect calibration. Linearity of photoelectric cell output shall be evaluated by
interposing photographic neutral density filters in the laser beam and comparing the filter ratings with the

light transmission measured by the photoelectric cell.

unobstructed transmission = 100%.

Complete occlusion of the beam = 0% transmission;

Laser devices and photocells should be mounted in water-resistant housings and shall be rigidly installed at
the test section such that vibration and wind gusts from the test vehicle or prevailing winds do not affect
measurements.

The voltage output from the photoelectric cells shall be recorded at a sample rate of at least 25/s, with a

resolutio
5.2 Wind Meas
5.2.1 DIGITIZING
first elect
airflow ar:
from the
but still fs
anemomsg
measurern
anemomsg
direction
5.2.2 LASER ME
measureg
measure
the anem
laser tran
the wind
in Figure
5.3 Humidity a
testing from

5.4
device, or
requiremen
5.5 Test Vehic

Ol altieasl T palt 100

urement

MEeTHOD—Wind direction and speed must be measured simultaneouslyiwhen the
fonic eye before the cameras. This ensures that the measurement will not be
bund the truck when it passes the anemometer. The wind vane) shall be locate
theckerboards. This is about the middle of the truck and trailenawhen the first te
r enough away from the checkerboards to minimize the wind from being blocks
ter should also be located about the center-height 6f the checkerboards to
hent is representative of the ground winds that are affecting the shape of the s
ter set can be used that measures wind speed.from 0 to 32.19 km/h (0 to 2(

vithin £1 degree.

THOD—Wind velocity and direction with respect to the path of the vehicle shal
during a test vehicle pass through the fest section. Any anemometer set may
vind speed from 0 to 32.19 km/h (0 t0.20 mph) and wind direction within £1 deg
bmeter set shall be recorded at a,sample rate of at least 25/s compatible and s

elocity and direction prevailingsat the same time. The anemometer set shall be |
1.

hd Temperature Measurement—Humidity and air temperature should be mon
a housing that isrsuitably protected from the sun and rain.

Water Depth Measurement—Water depth may be measured with a precision scale, a
by electronic or optical methods designed to measure with an accuracy conpsistent with the

s of 4,32

eVelocity Measurement—The test vehicle velocity may be measured

speedometeT M the Vehitle, T VehiCie=Sensing Uevice Mounted JUSt UpTrange of the taser tram:

by a radar speed sensor. The use of a trailing fifth wheel is prohibited since splash and spray generation could

be affected.

truck passes the
affected by the
il 25.91 m (85 ft)
5t image is taken
d by them. The
ensure that the
pray cloud. Any
mph) and wind

be continuously
pe used that can
fee. Output from
ynchronized with

smissometer readings such that a‘given observation of laser transmission can bg associated with

bcated as shown

tored during the

capillary wetting

by a calibrated
Smissometers, or
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6. Test Procedure

6.1 General Procedure

6.1.1 DiGImizING METHOD—The general test procedure is to acquire a control image from both left and right
checkerboards prior to the truck passing in front of the cameras. This represents the baseline ambient
conditions. Then the framegrabbers acquire four test images from both the left and right sides, with the
spray cloud obscuring the checkerboards. The contrast of the baseline or control image is then compared to
each of the test images to measure the amount of contrast that has been lost because of the obscuring spray
cloud.

6.1.2 LASeErR METHOD—The general test procedure is to drive the fruck through the fest section, r¢cording the laser
output. The lowest reading from all four lasers is recorded as the raw data. These readingg are then used to
calculate [the percent transmittance.

6.2 Test Plan—The test plan shall identify each of the test vehicle treatments to be evaluated, the speed at which
the evaluafions are to be run, and the number of runs planned for eachp6f €ight combinations of wind
conditions, jas shown in Table 1.

TABLE 1—SAMPLE TEST_ PLAN

Wind No|
Condition Wind Speed Wind Direction Runs

1 Low: 0 to 4.83 km/h (0 to 3 mph) Head Wind: 350 to 10 degrees 8

2 Low Tail Wind: 170 to 190 degrees 8

3 Low Left Crosswind: 191 to 349 degrees 8

4 Low Right Crosswind: 11 to 169 degrees 8

5 High: 4.83 to 16.09 km/h (3*t0-10 mph) Head Wind: 350 to 10 degrees 8

6 High Tail Wind: 170 to 190 degrees 8

7 High Left Crosswind: 191 to 349 degrees 8

8 High Right Crosswind: 11 to 169 degrees 8

NOTE—Wind directions are\referenced to the path of the test vehicle and not to compass directions.

Full evaluafion is subject to the following requirements:

a. All gight wind-cenditions should be obtained for a complete evaluation.

b. A minimum-of-eight runs for each test vehicle treatment shall be run for each of eight wind conditions
for p total .of 64 runs.

c. Valjd.data may not be obtained if the average wind velocity measured during the test|interval (the time
thelvehicle is passing before the camera or laser location) is higher than 16.09 km/h (10 mph) because
water-depth control becomes difficult.

6.3 Preparations for Test Run

6.3.1 DiGImizING METHOD—The cameras should be aligned and zoomed in so that the checkerboards completely

fill up the image. All 96 squares should be included and should equally divide the image (£2 pixels) when the
cameras are centered and zoomed in correctly.

The gain on the cameras should be adjusted so that, in the automatic iris adjustment mode of the lens, the
mean value of a pixel intensity histogram is 125 (£5) on a scale of 0 to 255.
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The lens control should then be set to manual iris adjustment (since we are measuring the contrast change
between images, we do not want the camera to automatically adjust this out). The iris should then be
adjusted so that the standard deviation of the pixel intensity histogram shall be at a maximum (this
represents 1/2 the average contrast for the entire image) without over- or under-exposing the image. This
will become evident when the histogram cannot be completely contained within the pixel intensity range. In
other words, there cannot be any pixels located at the low end (0 pixel intensity) of the scale nor any at the
high end (255 pixel intensity) of the scale. These adjustments should be made just before the truck passes
through the test section to minimize the possibility of the ambient light conditions changing.
6.3.2 LASER METHOD—Each test run shall be preceded by calibration of laser transmissometers. Calibration is
accomplished by occluding the laser beams and recording the output voltages from the photocells. This
voltage f i mpi hotoelectric cell.
voltages is thus
thin 2 min of the

the sensdr range for the test run about to occur. The calibration shall be accomplished w|
time at which the test vehicle is expected to arrive at the test section.

6.4 TestRun
be complet
bearing on

All items should
that may have a

rocedure—A complete run log shall be maintained for each test runthat is made.
d on the form (see Figure 5 for the run log). Comments shouldfinclude any items
he results.

A minimum
section afte

of 3 min between test runs shall be maintained in ordef\for the water to complet
[ the truck has passed.

Bly cover the test

The vehiclg path shall be through the center of the test section and the checkerboards, yithin £15.24 cm

(x6in), to epsure that an equal amount of spray is viewed:ithrough each camera.
Water depth shall be checked for at least every four-funs to ensure that the depth is within thg¢ control limits.

Recommenfded nominal vehicle speed is 88.54km/h (55 mph).

6.4.1 DIGITIZING
prescribe
section.

around th
shall be 1
images a
(10.76 ft)

6.4.2 LASER ME

MeTHOD—The test vehicle driver is advised to drive the vehicle through the ts

st section at the

 speed. Weather data shall be recorded when the truck passes the first electronic eye in the test

It shall not be recorded continuously as the truck passes the anemometer beq
e truck may induce-noise into the data. At the same time, the first control imag
aken. When the-truck passes the second electronic eye, the framegrabber sh
an interval of 4/30 of a second each. This covers a truck travel distance of appr
when traveling-at 88.51 km/h (55 mph).

THOD—The test vehicle driver is advised to drive the vehicle through the te

prescribe

section ar||d shall continue until the vehicle has exited the test section.

i speed. Recording of laser and wind data shall commence when the vehicl

ause the airflow
e from each side
all grab four test
pximately 3.28 m

5t section at the
b enters the test

7. Data Reduction

7.1 Digitizing Method

7.1.1 RECORDED IMAGES—The digitized image should be stored and used to make a printed record of the spray
cloud for subjective comparisons. This printed image will also serve as a record for future analysis or
viewing as the need may arise. A printed image of the mean spray cloud should be made and used in
reporting the final results.
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FIGURE 5—RUN LOG
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7.1.2

7.1.3

IMAGE REDUCTION—The following operations shall be completed on all images:

1. Calculate the average pixel intensity for each square. This reduces the digitized image file to an array
file of 96 numbers, each number representing the average pixel intensity for a square (see Figure 6).

2. Next, calculate the contrast for each boundary between each square. This is done by subtracting the
black square pixel intensity from the white one. This results in a new array file of 172 numbers for
each image, representing the contrast of each boundary (see Figure 7).

SPRAY REGION CALCULATION—The spray region calculation involves first calculating the contrast loss from
the control image to the test images for each boundary and then dividing the checkerboard into five different
regions by the spray cloud density. These regions represent the spatial characteristics of the spray cloud

and are

Contrast
correspor
“Figure of
image (sh
See Equd

uped 10 get an idea Of how much O

me checkerboard IS covered by what density, o
cloud (seg¢ Figure 8).

change between the control image (with no spray) and the test image is cal

ding boundary between the black and white tiles. This change is represented as

f obscuring spray

culated for each
a percentage (a
from the control

(Eq. 1)

Merit,” or FOM) by subtracting the corresponding test image boundary contras
ould be a positive value), dividing that by the control image contrast, and multiplying that by 100.
tion 1.

Ceii — Ciii,

where:
Cii = Contrast control image at location i,i in thé’contrast array file
Ciii = Contrast test image at location i,i in the\contrast array file
FOM;; = Contrast loss at location i,i on the checkerboard
This results in eight FOM;; array files (172 numbers in each array file) representing the obsfcuring amount of
spray for four test images from each side of'the vehicle (eight total). The four image files per side are then
averaged|so that two average FOM;; array files for the right and left sides are obtained. Using these array
files, each image is divided into five sspray density regions. The percentage of the chegkerboard that is
obscured |by each region is then tallied up for the averaged left and right images as shown in Table 2.
TABILE 2—AVERAGE PERCENT AREA OF CHECKERBOARD OBSCURED BY SPRAY (")
Loss of Contrast Level Spray Density Left Right
(FOM) Description Checkerboard Checkerboard
Oto 20% Minimum 54.7% 51.2%
20to 40% Slight 3.5% 5.8%
40to 60% Moderate 17.4% 20.2%
60to 80% Dense 13.4% 13.0%
80 to 100% Very Dense 11.0% 9.9%

1. Results reported in the two right columns are examples.
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Average Square Brightness

coL 1 2 3 4 S 6 7 8 9 10 11 12
ROW :
1 48 | 24 | 52 |22 | 55|23 |52 |26 |47 |29 |44 |29

2 27 |50 | 2554|2254 |23|50 |27 |46 | 28|42

5] 460 | £/ | Ol 24 | oOF | 21 Ol 20 | &7 | 27 | &2 | 20

4 30|49 |27 |51 |21 |51 |21 |49 | 26 | 44| 27 |42

5 46 | 28 | 48 | 24 | 48 |18 | 49 | 23 | 46 | 25 | 43 27

6 27 | 44 [ 251452046 |20 | 46 | 23 |43/] 25 | 41

7 42 | 24 | 4221 | 43|17 | 44 | 20 |,44)] 23 | 39 | 24

8 31 1421231422045 ]20 44123143 24|39

LH CHECKERBOARD BEFORE SPLASH & SPRAY

coL 1 2 3 4 S 56 7 8 9 10 11 12

ROW
1 40 | 22 | 42 {20 )45 |18 | 44 | 20 | 40 | 23| 36 | 23

2 24 | 42 | 22444 |19 | 45118 | 43|22 |40 | 23|35

3 40 | 24 N42 122 | 45118 | 44 | 20 | 41 [ 23| 36 | 23

4 26 {417 | 24 |43 |1 20(43 (18 | 4322|3823 |36

S 39 25. 40 | 23 | 41 |17 |42 120 |41 | 24| 37|25

6 24 | 381233812040 119 |42 |26 |44 |32]46

25 | 23 28 | 29 27 118 40 1 25 | 468 39 84 | 59

=

N

8 27 136 |1 2234203824 |46 | 45159 |62]63

LH CHECKERBCARD AFTER SPLASH & SPRAY

FIGURE 6—SAMPLE IMAGE SHOWING AVERAGE PIXEL INTENSITY
(SQUARE BRIGHTNESS) FOR EACH SQUARE
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