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ABSTRACT - 2129

The purpose of this project was to quantify the magnitude of
changes in skid resistance over time, to isolate the variables that seem
most important with respect to the changes, and, to the degree possible,
formulate a model for converting skid resistance values obtained under a
given set of conditions to the values that would be measured under a dif-
ferent set of conditions.

The Virginia Department of Highways and Transportation survey
skid trailer, the Department's research trailer, the research stopping
distance car, and the grease patch method of measuring surface texture
were evaluated with respect to time-and weather-dependent changes in
measured values.

The grease patch method of measuring texture seems to have the
same basic relationship to weather variables as does the Department's
survey trailer, but the relationship is inconsistent among sites. Also,
the use of this method is time consuming and, consequently, expensive.

The research trailer experienced so many breakdowns that the
researchers place little confidence in the results obtained with this
testing device.

For the stopping distance car it was found that the average
standard deviation for all test speeds on the six sites tested was 3.26
skid numbers.

For the Department's survey skid trailer it was found that ad-
justments could be made to measured values to predict values for times
other than when the measurements were made, either by evaluating weather
variables or using specified correction values for designated months.
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VARTATIONS IN SKID RESISTANCE OVER TIME

by

Stephen N. Runkle
Research Analyst

and

David C. Mahone
Senior Research Scientist

In the United States, the basic tools for monitoring potential tire-
pavement surface friction are locked-wheel skid test trailers meeting the re-

quirements of ASTM Designation E274-77. While these trailers are in wide use,
the variabilities in the skid values they provide are not completely understood.

Basically, there are two types of variability; namely, the variability
produced at any given time of testing within a test site and the variability
obtained over time. The first type, the within-site variability occurring during
a single testing sequence, while not completely understood is attributed to dif-
ferences in the road surface as well as testing variability, and it can be satis-
factorily dealt with by conducting enough tests to either assure reasonable con-
fidence limits around the means of the test values or to judge that the area being
tested provides such divergent values that it constitutes more than one test site.
The second type, variability over time, is much more complicated to deal with,
since there is less knowledge regarding its causes and little agreement with re-
spect to its magnitude. It is this variability over time, often called seasonal
variation, that was dealt with in the research reported here.

Many factors may contribute to variability over time, including temper-
ature changes; rain frequency, duration, and amount; pavement contamination; and,
possibly, changes in pavement texture.

Based on a limited amount of control loop data — i.e., data from repeat
tests of sites at frequent intervals over a one-year period — it has been assumed
in Virginia that time-dependent variations in skid resistance may result in devi-
ations of about + 5 skid numbers around some yearly mean skid value.(l However,
Pennsylvania has reported variations over time in excess of 20 skid numbers.

If this large a variation is found in Virginia, then it is obvious that Virginia's
procedures should be modified, and probably to the extent that minimum skid re-
sistance values for the year would be predicted on the basis of measured skid
resistance and related data affecting the measured skid resistance. For these
reasons Virginia, with the support of the Federal Highway Administration (FHWA)
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undertook research to determine the variability with respect to time and to
quantify the influence of several variables believed to affect the time-related
changes in skid resistance.

PURPOSE AND SCOPE

The purpose of this research was to quantify the magnitude of changes
in skid resistance with time; to isolate the variables seemingly most important
with respect to changes in skid vresistance; and, to the degree possible, formulate
a model to convert skid resistance obtained under a given set of conditions to
the skid resistance that would be measured under a different set of conditionms.

The report is divided into four main sections with the first three
sections being devoted to the three testing devices used — the Virginia Depart-
ment of Highways and Transportation (VDHT) survey skid trailer, the Virginia
Highway and Transportation Research Council (VHTRC) stopping distance car, and
the VHTIRC skid trailer. The last section is devoted to an analysis of surface
texture as measured by the grease patch method. The first section includes
analyses of skid results at 64 kph (40 mph) obtained on six control loop sites
as obtained by the VDHT trailer and is considered the most important section be-
cause of the widespread use within the state of data obtained by this unit. Skid
data collected over a four-year time span were included in these analyses. The
independent variables considered were the maximum air temperature at the time of
the test; the tire tread depth; the maximum air temperature the day of the test;
an average maximum air temperature for the week preceding the test; and rainfall
in inches for the day of the test, the week preceding the test, and the month
preceding the test.

In the second section, skid resistance data obtained by the VHTRC
stopping distance car are evaluated in essentially the same manner as the data
for the VDHT trailer in the first section. For these analyses data were collected
using treaded (ASTM) tires at speeds of 32, 64, and 97 kph (20, 40, and 60 mph)
on two sites, and at speeds of 32 and 64 kph (20 and 40 mph) on four additional
sites. The testing with the car was conducted over a period of about 14 months.
The sites were selected to represent various mix types used in Virginia and were
tested at approximately 2-week intervals during the active test periods. Because
of weather conditions and mechanical problems, it was not always possible to test
at planned intervals. Independent variables considered were those mentioned above
plus the temperature of the dry pavement at the time of the test and the tempera-
ture of the water used to wet the pavement.

The same basic analyses are performed in the third section, except that
the skid resistance data used were obtained at sixteen sites (including the six
tested by the car) with the VHTRC trailer. Both bald and treaded tires were used
in these tests, and speeds were 32 and 64 kph (20 and 40 mph) at three of the
sites and 32, 64, and 97 kph (20, 40, and 60 mph) at the remaining thirteen. The
analyses included all the independent variables mentioned above.

i In the final section, the influence of texture is considered by evaluat-
ing it with respect to changes in skid resistance at six of the sixteen sites.
At the six sites tested 10 texture measurements were made at about 4-week intervals.
Texture is also evaluated with respect to weather variables, particularly rainfall,
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which the authors feel may be important in influencing texture and thus skid
resistance.

In all analyses, the maximum air temperature the day of the test and
the week preceding the test; and all rainfall data were determined based on data
from the nearest weather station.

ANALYSES OF VDHT TRAILER TEST RESULTS

Since July 1974, six control test sites in the vicinity of Lynchburg,
Virginia, have been periodically tested with the VDHT survey skid trailer as
part of the state's regular survey testing program.(l) Results of these tests
are shown in Table 1 along with various other data used in an attempt to explain
the changes in SN, , with time. For these data, each test result (SN,_.) represents
the average of five repeat skid tests at a given site. The other data collected
for analysis include the date of tests; tire tread depth; air temperature in
deg. F. at the time of the tests; maximum air temperature in deg. F. the day of
the tests; average daily maximum air temperature for the week preceding the tests,
(including the day of the tests); and inches of rainfall the day of the tests,
the week preceding the tests, and the month preceding the tests.

Of the six sites, all of which have been in service for a number of
years, 1 and 2 are portland cement concrete, sites 3, 5, and 6 are bituminous
concrete (Virginia mix type S-5), and site 4 is a bituminous surface treatment
(chip seal). Sites 2 and 6 are the passing lanes adjacent to the traffic lanes
of sites 1 and 5, respectively.

Variability of Skid Data

Several analyses were performed to quantify the magnitude of variability
over time and, to the extent possible, account for this variability. Table 1 con-
tains the computed standard deviation values for the six sites, which average about
2.9 SN. Also shown is the 2.5 SN standard deviation value for the average SN
values (SN, ), which indicates some trending effects in the data that are con-=
sistent from site to site; i.e., this value indicates a significant degree of
correlation between the sites. Had the variability with time from site to site
been independent, one would expect the standard deviation of the averages to be
about 1.2 SN (2'§//7;) instead of 2.5 SN. Since the variances are about equal
for all sites, the degree of correlation between the sites can be estimated to be
about 70% based on the expression

) (0}2_{ - 0}2{ /6)1.2

r:
02
X
where 0% = the variance of the average SN40 values
X from column 8, Table 1; and
Gi = the variance of daily SN40 values for any

given site.
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VIRGINIA DEPARTMENT OF HIGHWAYS & TRANSPORTATION SURVEY TRAILER
40 MPH SKID TEST DATA FOR FOUR-YEAR PERIOD ON SIX SITES

TIRE TREAD  -MAX. AIR TEMF.,°F
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It is, of course, desirable to have a high degree of correlation between
sites so that a single model based on average skid numbers recorded for 64 kph
(40 mph) tests(SNAo) can be used to explain variations over time for all sites.

The variability in SN is demonstrated graphically in Figure 1, where
the average SN values for all six sites for each date tested are plotted. Graphs
for each of the six sites would appear similar, with slightly more variability. No
trends in the data are readily apparent from Figure 1, but some become very ap-
parent when the data are averaged by quarter of the year.

Table 2 contains data averaged for the periods January through March,
April through June, July through September, and October through December. The
fact that the standard deviation values shown at the bottom of Table 2 are smaller
than those shown in Table 1 indicates that some of the variability with time is
masked by the averaging process. The data in Table 2 are shown graphically in
Figures 2 and 3. Figure 2 is a plot of the quarterly averages for all sites com-
bined and indicates a repeating trend from year to year with the lowest SN wvalues
occurring in the third quarter. Figure 3 indicates that the annual trend is es-
sentially the same for all sites, with the exception of site 1,which follows a
somewhat different pattern for two of the five years (1975 and 1978).

Multiple Linear Correlations and Regressions

Multiple linear correlations and regressions were performed on the in-
dividual data using the model Y=B, + B, X, + By Xp...+B, X, and the independent
variables shown in the 7 columns in the right-hand portion of Table 1. The re-
sults of the multiple linear correlations and regressions on (SN,.) were, as ex-
pected, better for the averaged data than for the data from any single site.
Table 3 contains the results of the several analyses performed with the averaged
data.

As shown in Table 3, the inclusion of all seven independent variables in
the analyses explains about 46% of the variance in SN , with a resulting standard
error of 1.97 SN as compared to the 2.5,SN standard deviation shown in Table 1.
The percentage of variance explained (r“) and the standard error of estimate were
essentially as good when only two independent variables were used. However,
eliminating the rainfall variables reduced the explained variance from about 40%
to 277%, indicating the importance of considering rainfall as a variable.

It should be noted that the range in tire tread depths was such that
almost all tests were with tread depths of 5.56 mm (7/32 inch) or greater. Thus,
one would expect little influence in these analyses due to tread depth.

With respect to air temperature and rainfall, the best results were ob-

tained when the longest periods were considered (1 week prior to test for air
temperature and 1 month prior for rainfall, with 1 week prior for rainfall being

-5 -
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almost as good). Any of the relationships shown in columns 2, 3, and 4 of Table
3 could be used with about equal results.

Multiple linear correlation and regression analyses were also performed
on the quarterly averaged data. For these analyses the independent variables
chosen were the quarterly average maximum air temperature and the average monthly
rainfall for a 3-month period that overlapped the first 2 months represented by
the quarterly average SN, .. For instance, the rainfall for June, July, and August
was paired with the average SN4 value for the quarter July through September.

The time period chosen for raingall data, i.e., the 2-month overlap, appeared to
produce better results than other 3-month periods considered. Table 4 contains
the temperature and rainfall data used in the analyses, and Table 5 contains the
results for the analyses performed for each site and all sites averaged (SN40
values from Table 2).

It is not intended that any of the relationships shown in Table 5 be used
for predictive purposes, but instead to illustrate the similarity of results for
all sites and the obvious correlation with temperature and rainfall. The results
were similar for all sites, with the exception of site 1. The differing results
for site 1 were discussed earlier and illustrated in Figure 3. For all sites com—
bined, almost 75% of the chinges in SN4o from quarter to quarter is explained by
temperature and rainfall (r” = .73). The relationship of SN4o with temperature
and rainfall is illustrated graphically for the quarterly averaged data in Figure 4.

The association of SN,g with the average maximum air temperature is ob-
vious from Figure 4; i.e., how lower SN, . values are associated with high temper-
atures. The association of SN, with average monthly rainfall is not so obvious,
but is apparent if specific quarters are observed. For instance, the relatively
high SN4g values for the second quarter of 1975 and fourth quarter of 1976 are de-
finitely associated with relatively high average monthly rainfalls. This association
is illustrated more clearly in Figure 5, in which data are grouped and plotted for
each of the four quarters. Here the association of SN, and temperature is minimized
(the average maximum air temperature tends to be about the same from year to year
for the same quarter).

As one would expect, the equation for all sites for the quarterly averaged
data (SN4g = 52.172 - 0.083T + 0.568R) is quite similar to the equation in columm
4 of Table 3 for the individual data (SN40 = 53.80 - 0.097T + 0.451R), even though
the variables T and R do not represent exactly the same data.

Monthly Correction Factors

Although it is clear from the multiple linear correlation and regression
analyses that there is an association between SN4o and rainfall and temperature,
it was considered desirable to investigate the possibility for correcting SN4g
values strictly on the basis of month tested. Table 6 contains average SN40 data
by month for all four years of data (January and February were combined because of
the few number of tests in these months). Also shown in Table 6 is the standard
deviation (0) computed for each month. The average of all these values is about
2.4 SN.

The data in Table 6 were plotted as shown in Figure 6 and a smooth curve

- 11 -
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Table 4

RAINFALL AND TEMPERATURE DATA USED IN
QUARTERLY ANALYSES

YEAR QUARTER AVERAGE MAXIMUM AVERAGE MONTHLY
AIR TEMPERATURE, °F RAINFALL, INCHES
T 3 81.1 3.68
m 58.3 2.54
75 1 49.2 3.39
2 74.0 5.70
3 81.8 4.26
4 60.4 4,27
76 1 49.8 2.98
2 . 75.8 2.67
3 82.4 3.26
4 53.6 5.83
77 1 u7.6 1.73
2 77 4 3.01
3 85.9 3.4
b4 55.8 5.17
78 1 42.9 3.90
2 75.5 5.08
3 84.1 3.75

NOTE: Degrees Centigrade = 5/9 (°F - 32)

1 inch = 25.4 mm




MULTIPLE LINEAR CORRELATION AND REGRESSION RESULTS
QUARTERLY AVERAGED DATA

Table 5
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DATA SET EQUATION & r r2 Sg?Ng[s\'??MﬁgOR

Site 1 SN,y = 41.845 - 0.045T + 1.010R .50 .25 2.37

Site 2 SN,, = 61.285 - 0.086T + 0.u4u48R .77 .59 1.18

Site 3 SN,y = 53.146 - 0.076T + 0.561R .80 .64 1.01

Site u SN,, = 53.086 - 0.108T + 0.660R .83 .69 1.24 |

Site 5 SN,y = 46.419 - 0.099T + 0.454R .72 .52 1.56 ’

Site 6 SNy, = 56..569 - 0.079T + 0.456R .70 .49 1.37 ’

All Sites SN,, = 52.172 - 0.083T + 0.568R .85 .73 0.88 !
|

a

Where SNLLO is the predicted quarterly averaged SN

overlapping the first 2 months of the quarter.

- 13 -

value, T the average quarterly
maximum air temperature, and R the average monthly rainfall for a 3-month period
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drawn through the points (dashed curve). Monthly correction factors (Table 7)
were then determined from the curve with the correction factor chosen so as to
adjust SN, values obtained in months other than July and August to the estimated
value of SN,y that would be obtained in July and August. July and August were
chosen as the reference months since minimum SN4g values occur during that time
period.

It is interesting to note that the correction factors shown in Table 7
can be closely approximated by using average monthly rainfall and maximum air
temperature data (Table 8) and applying one of the regression equations from
Table 3. Using equation 4 from Table 3, correction factors would be as shown in
Table 9 computed as below.

Correction factor, C = (3.5 - R) 0.451 - (85 - T) 0.097,

where T = average maximum air temperature for month
for which C is being estimated; and

R = average rainfall for month for which C is being estimated.

Minimum Predicted SN, Values and Associated 957 Confidence Intervals

It is, of course, of interest to examine how one might predict the
minimum SN4(Q that might occur at a site during the year based on a given measure-
ment of SN40 at that site. The three methods considered are:

1. no adjustments to the measured SN value,

40

2. adjustments to the measured SN, = value based on the monthly

corrections (Table 7), and 40
3. adjustments to the measured SN40 value based on equation 4
from Table 3.

The predicted minimum SN,q (PMSN 40) values along with the approximate
95% confidence limits based on the three methods are shown below, where PMSN40
is taken to be the estimated average SN, ., minus 20.

40
Method 1: PMSN4O = [SN40 - 20] + 20, where
0 = the site standard deviation, or abcut 2.9 SN.
_ 1
Method 2: PMSN40 = [SN40 20 Cl] + 20, where
Ol = the within month site standard deviation, or

about 2.4 SN; and

C = correction factor from Table 7.
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Table 7

MONTHLY CORRECTION FACTORS BASED ON CURVE IN FIGURE 6

Month Correction Factor
Jan.-Feb. -3.7
March -3.1
April -1.7
May -0.7
June -0.3
July 0
August 0
September -0.6
October -1.7
November -3.1
December -3.7

- 19 -
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Month
Jan.-Feb.
March
April
May
June
July-Aug.
September
October
November

December

Table 8

AVERAGE MONTHLY RAINFALL AND MAXIMUM
AIR TEMPERATURE DATA, 1974 - 1978

Average Monthly Average Monthly Maximum
Rainfall, Inches Air Temperature, F
2.73 @ 43.4 2
4.64 2 55.3 @

3.18 2 $9.0 2
4.52 2 76.0 2
4,30 2 82.0 2
3.50 85.0

4.42 2 79.3 2
4.91 P 66.9 P
2.93 P 58.0 P
3.55 ° 46.2 P

a Excludes 1974

b Excludes 1978

NOTE: Degrees Centigrade = 5/9 (°F - 32)

1l inch = 25.4 mm

- 20 -
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Table 9
CORRECTION FACTORS BASED ON TABLE 7,

EQUATION 4, AND AVERAGE MONTHLY RAINFALL AND TEMPERATURE

Correction Factor

Month Table 7 - Correction Factor?
Jan.-Feb. -3.7 =3.7
March -3.1 -3.4
April -1.7 -1.4
May -0.7 -1.3
June -0.3 -0.6
July-Aug. 0 0
September -0.6 -1.0
October -1.7 -2.4
November -3.1 -2.4
December -3.7 -3.8

a Computed from C = (3.5-R) 0.451 - (85-T) 0.097, using coefficients from
column 4 of Table 3 and average monthly rainfall and temperature data from
Table 8.

- 21 -
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Method 3: PMSN40 = [SN4O - 20 - (T

1
2-Tl) 0.097 + (Rz—Rl) .451] + 20,

"
where 0 = the standard error of estimate based on

regression results, or about 2.0 SN;

T, = maximum air temperature associated with SN

1 40°
T2 = maximum air temperature associated with PMSN4O;
Rl = average monthly rainfall associated with SN&O; and
R, = average monthly rainfall associated with PMSN

40°

Thus, assuming an SN value of 40 was measured in March (with T, =
55°F [13OC] and R, = 4.6 inches [116.8 mm]) the corresponding PMSN, . valueS and
the associated 95% confidence limits would be as follows (where the PMSN is
assumed to be in July or August with T2 = 85°F [29.4OC] and R2 = 3.5 inches
[88.9 mm].)

n

Method 1: PMSN

b0 = 140 - 2 (2.9)] +2(2.9)

34.2 + 5.8.

Method 2: PMSN

4o = 140 = 2 (2.4) - 3.1] * 2(2.4)

32.1 + 4.8.

Method 3: PMSN

40 [40 - 2 (2.0) - (85-55) .097 + (3.5 - 4.6) .451] t.2(2.0)

32.6 + 4.0.

Either of the last two methods would be better than the first, but it is
not necessarily clear which of the last two is more desirable. It would appear
method 3 has somewhat better (smaller) 95% confidence intervals, but one must re-
member this method is dependent on selecting good estimates for T, and R,. For
each deg. F. that T, is in error, PMSN, will be in error by about 0.1 Sﬁ, and for
each inch (25.4 mm)“R, is in error, PMégA will be in error by 0.451 SN. Since omn
the average method 2 and method 3 would give about the same results, and because
of its ease of application, method 2 is preferred by the authors.

It must be remembered that these methods predict the minimum values that
would be obtained over a short period of time, specifically within a month for
method 2. The authors feel it is more reasonable to predict the average values
rather than minimum values for a short period of time and in this case the initial
correction of 2 0 would not be appropriate. Thus method 2 would be modified to

PMSN40 = [SN

ag

40 " C] + 2 0, where

the within month site standard deviation, or
about 2.4 SN; and

correction factor from Table 7.

(@]
1]

- 22 -
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ANALYSES OF VHTRC STOPPING DISTANCE CAR RESULTS

The results discussed in the first section relative to the VDHT survey
skid trailer were not determined from skid data gathered as part of an experi-
mental testing program, but rather were based on an analysis of skid data obtained
as a normal part of the survey testing program. An experimental testing program
was designed in which the VHTRC skid trailer and stopping distance car were used
to perform several repeat test sequences on various surfaces, at various speeds,
and with both treaded and bald tires.

Sixteen sites were tested by the VHTRC trailer (these did not include
any of the six control loop sites tested by the VDHT trailer) and six sites by
the car. These sites are described in Table 10. Also indicated in Table 10 are
the test speeds and intended testing frequencies at each of the sites. Both bald
and treaded tire (ASTM) tests were performed at the indicated speeds and frequency.
All of the sites tested had been in service for a number of years and were felt to
have stabilized with respect to skid resistance. As indicated in Table 10, sites
3, 4, 7, 8, 15 and 16 were tested by the stopping distance car using treaded (ASTM)
tires. Detailed test results and related data for the sites are included as Ap-
pendix A. Shown in Appendix A for each site and test speed of 32, 64, and 97 kph
(20, 40 and 60 mph) are the following:

. Date of test
. Average skid number
. Tread depth for treaded tire tests

1

2

3

4. Air temperature in deg. F. at the time of the test

5. Dry pavement temperature in deg. F. at the time of the test
6

. Water temperature in the water storage tanks in deg. F. at
the time of the test

7. Maximum air temperature for the day of the test in deg. F.
as obtained from the nearest weather station

8. Average maximum air temperature for the week preceding the
test in deg. F. as obtained from the nearest weather station

9. Rainfall in inches for the day of the test as obtained from
the nearest weather station

10. Rainfall in inches for the week preceding the test as obtained
from the nearest weather station

11. Rainfall in inches for the month preceding the test as obtained
from the nearest weather station

As for the survey trailer, each skid value shown in Appendix A represents
five repeat measurements made at a site over a short time span.

Variability of Skid Data

Standard deviation values for the skid data collected by the stopping
distance car are shown in Table 11. The average 0 value for all test speeds at the

- 23 -
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six sites is 3.26 SN, or slightly higher than the 2.9 SN discussed earlier for
the VDHT trailer. It is felt the value is somewhat higher because of the types
of surfaces tested by the car, in particular sites 7 and 8, which are both
basically limestone mixes.

Variances were not found to be significantly different for the various
test speeds based on the F test at a 95% confidence level. However, variances
for sites 3 and 4 were found to be significantly lower (again at a 95% confidence
level), thus reemphasizing the point that the average 0 found for the car likely
is somewhat higher than that for the VDHT trailer because of the differences in
test surfaces.

The variability of the data is illustrated graphically in Figures 7 and
8. 1In Figure 7 the individual test results for each site and speed are plotted
by date. Figure 7 indicates the similar results for all test speeds at a given
site and also the difference in variability among sites, with sites 3 and 4 having
the least variability and site 8 the greatest variability. Figure 8 graphically
displays the data as averaged for all test speeds for grouped sites, with the sites
being grouped with respect to similar results and surface types (sites 3 and &,
sites 7 and 8, and sites 15 and 16). Again, the greater variability for sites 7
and 8 and for sites 15 and 16 is illustrated. It is also evident that the SN
results are lower during the latter part of 1978 than during the same months in
1977, probably due to decreased rainfall for these months during 1978 as illustrated
in Figure 9.

Muitiple Linear Correlations and Regressions

As with the VDHT trailer, multiple linear correlations and regressions
were performed using the model y = h, + h; X3 + hy X5 ... + hy X;. Two additional
independent variables were considered; namely, dry pavement temperature at the
time of the test and the temperature of the water used to wet the pavement for the
tests. An analysis was made including all variables for each speed at each site
and the results are contained in Appendix B. The r? values for all analyses in
Appendix B exceeded .5; i.e., at least 50% of the variance in skid resistance was
explained.

In order to develop a more meaningful relationship using fewer variables,
several additional analyses were performed. In each successive analysis, the least
significant variable found in the previous analysis was omitted until just three
independent variables remained. The equations resulting from these analyses are
shown in Table 12.

As shown by their frequency of occurrence, the most important variables
from an overall sense would appear to be the maximum air temperature (either the
day of the tests or the average for the week preceding the tests), tire tread
depth, and the variables associated with rainfall. With respect to rainfall, the
results shown in Table 12 plus the correlation factors among these variables seemed
to indicate that rain for either the week preceding the tests or for the month
preceding the tests must be considered, but not both variables together. However,
it may be desirable to include rainfall the day of the tests with either of the
other two rainfall variables. Reducing the number of independent variables from

- 24 -
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Table 11

VARIABILITY OF STOPPING DISTANCE CAR DATA

Site Speed X n o] g Pooled
3 32 kph 66 .44 18 2.38
64 kph 62.00 18 3.25 2.88
97 kph 52.67 18 3.11
4 32 kph 67.78 18 1.86
64 kph 62.00 18 2.11 2.04
97 kph 54.89 18 2.25
7 32 kph 48.78 23 4,20 3.73
64 kph 45,52 23 3.29 ‘
8 32 kph 37.09 23 4,95 4. 30
64 kph 32.87 23 3.65 !
15 32 kph 58.06 18 3.70 3.87
64 kph 53.22 18 4.15 '
16 32 kph 57.89 18 3.79 3.35
64 kph 53.11 18 2.97 :
AVERAGE 3.26

NOTE: 1 kph = 0.6214 mph
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. 2
nine to three reduced the r” value somewhat, but for all cases except one the
value exceeded .40.

Based on the results in Table 12, several additional analyses were
performed considering only the independent variables of tread depth, average
maximum air temperature for the week preceding the tests, rainfall the day of
the tests, and rainfall for the month preceding the tests. These analyses
were performed by test speed on data aggregated by mix type; i.e., data for
sites 3 and 4 were combined, those for sites 7 and 8 were combined, and those
for sites 15 and 16 were combined, and those for all sites were combined. To
accommodate these analyses, data were restated by expressing each SN result in
terms of its deviation from the grand average for the site. The results of
these analyses are shown in Table 13.

As shown by the r2 values in Table 13, the results considering the
four variables mentioned above, or some combination of the four, were in most
cases not particularly good. Also, the results with respect to tread depth were
somewhat confusing in that negative coefficients occurred at 97 kph (60 mph) for
sites 3 and 4 and not at other sites. Negative coefficients also occurred for
tread depth for sites 15 and 16 combined, which is probably reasonable because
of the coarse macrotexture at these sites. Also consistent is the strong positive
influence of tread depth at the limestone sites 7 and 8. Rain the day of the test
appears to be an important variable in these analyses where it was not in the VDHT
trailer analyses, perhaps due to differences in site surface types. Because of
differences in results by site groupings, the analyses for all sites combined
vielded no better (higher) rz values and, in fact, the values were somewhat less
than for the analyses of several individual sites.

The final regression analyses used the skid data averaged for all
speeds by surface types as illustrated previously in Figure 8. Only the inde-
pendent variables rain for the day and for the month preceding the tests and the
average maximum air temperature for the week preceding the tests were considered
in these analyses. The results are shown in Table 14. Here, three things are of
importance. First, the results in terms of coefficients for air temperaturg and
rainfall are similar to those determined for the VDHT trailer, as are the r values,
particularly those for sites 3 and 4, which were most similar to the sites tested
by the VDHT survey trailer. Second, inclusion of rain the day of the test signif-
icantly improves the results in terms of increasing r?2 for sites 7 and 8 and 15
and 16. This was not true for sites 3 and 4 or for the VDHT trailer. Third,
rainfall, in general, is a more significant variable for the limestone sites 7
and 8 than for the other sites, which have non-polishing aggregates. These re-
sults certainly indicate the probability of requiring various predictive equations
depending on the type of surface mix and materials used in the mix (or for various
sets of correction factors by mix type, if that method is preferred).

ANALYSES OF VHTRC TRAILER RESULTS

As indicated earlier, as part of the experimental program the VHTRC
trailer obtained skid resistance data at the 16 sites shown in Table 10. It was
initially planned to test each site weekly over a l4-month period and sites 1-4
an additional two times each week at 64 kph (40 mph). However, due tc mechanical
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and weather problems this testing frequency was not always maintained. In
actuality, testing with the VHTRC trailer began in August 1977 and continued
through August 1978, when it was discontinued due to severe mechanical problems.

Data collected other than skid data were the same as indicated for the
VHTIRC car. In addition, daily, weekly and monthly rainfall in inches was also
determined for sites 1-4 based on an automated rain guage placed near those sites.
Detailed variability and SN data for the sites are shown in Appendix C. Complete
data will be maintained at the VHTRC and will be made available upon request.

Variability of Skid Data

The data obtained with the VHTRC trailer proved to be much more variable
than those collected with the other testing devices with values ranging from 5.62
to 7.98 by site. It is felt by the authors that this high variability is partly
due to the above mentioned mechanical difficulties with the trailer during the
study period.

Not a great deal of difference in 0 was noticed by site on tire type.
As already indicated, 0 for 32 and 64 kph (20 and 40 mph) tests ranged from 5.62
to 7.98 by site, with the breakdown shown in Table 15 by general surface type
(tests at 97 kph [60 mph] were not considered since this test speed was not used
at all sites). There was some apparent tendency for r to decrease with test
speed, as shown in Table 16.

The variability of the VHTRC trailer data for 64 kph (40 mph) testing is
illustrated graphically in Figure 10. Each point in Figure 10 represents the
deviation for the SN,q obtained at that site that day from the grand average
site SN4o for all tests at that site. It can be seen that the results for the
VHIRC trailer are somewhat different from those for the two testing units pre-
viously discussed in that they were relatively very low in late 1977 and early
1978. 1It is felt by the authors that the low results in this period were due to
mechanical difficulties with the trailer, particularly since major repairs were
made during November 1977 (with essentially no tests being run during that month).

Multiple Linear Correlations and Regressions

Because of the authors' lack of confidence in the validity of the VHTRC
results (particularly those obtained from November 1977 to March 1978), correlation
and regression analyses were limited to the consideration of only the variables
found most significant in the analyses previously discussed for the other units.
The results of the analyses of the VHTRC data are shown in Table 17.

It is clear from Table 17 that with respect to rainfall and temperature,
the results obtained with the VHTRC trailer were quite different from those for
the other two testing devices. First, the r” values were very low for all sites
(generally less than .10). Second, signs of the coefficients were inconsistent
and for the most part made little sense; i.e., rainfall frequently had a negative
coefficient which indicated a lowering influence on the SN value which, of course,
is opposite from the result one would expect. Again, the authors attribute the
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Table 15

G FOR VHTRC TRAILER BY GENERAL SURFACE TYPE

SURFACE TYPE SITES g (SN70 and SNéul
Portland Concrete Cement 1, 2, 11, 12, 13 & 14 6.51
Bituminous: Surface Treatment 7, 8, 9 & 10 6.41

Slurry Seal

Sprinkle
Bituminous, S-5 3&4 7.34
Bituminous, Popcorn ‘ 5, 6, 15 & 16 7.59

- 35 -
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20
40
60

ALL SPEEDS

Table 16

SUMMARIZED VHTRC TRAILER ¢ VALUES
BY TIRE TYPE AND SPEED

g, BALD o, TREADED
7.05 7.39
6.62 6.35
6.03 6.01
6.57 6.58

NOTE: 1 mph = 1.609 kph

- 36 -

0, COMBINED
7.22
6.49
6.02

6.58
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SITES

i,

11, 12

13, 14

15, e

NOTE:

TIRE
TYPE
Bald
Treaded
Baid
Treaded
Bald
Treaded

Bald
Treaded

Bald
Treaded

Bald
Treaded

Bald
Treaded

Bald
Treaded

Bald

Treaded

Bald
Treaded

Bald
Treaded

Bald
Treaded

Bald
Treaded

Bald
Treaded

Bald
Treaded

Bald
Treaded

Bald
Treaded

Bald
Treaded

Bald
Treaded

Bald
Treaded

8ald
Treaded

Bald
Treaded

Bald
Treaded

Bald
Treaded

Table 17

VHTRC TRAILER MULTIPLE LINEAR CORRELATION AND REGRESSION RESULTS

r::;: r'}f-_; J}sa&l: I;EOFU;’.E )
SPEED, mph INTERCEPT OF TESTS, °F TESTS, LNCHES 3

20 49.586 -.021 1.067 .07
20 33.131 .16% .757 i
40 33.978 .003 .195 .003
40 54.373 .01l .285 .008
60 21.504 .031 .246 .01
60 39.825 .063 .269 .02
20 51.967 .072 .668 .J5
20 36.020 175 470 .15
40 39.817 .050 .262 0L
40 55.237 .063 .020 ) .02
60 27.652 .081 422 .05
60 42.479 112 .201 .07
20 70.603 .049 -1.148 .12
20 74.507 .013 - .803 .05
40 61.469 .065 -1.297 .13
40 64.375 .030 - .970 07
60 57.859 .026 -1.529 .15
60 37.985 .030 -1.464 .18
20 55.410 -.172 - .524 .08
20 57.401 -.147 - .212 .04
40 47.237 -.160 - .493 .10
40 48.907 -.124 - .248 .04
60 45.537 -.180 - .554 .15
60 47.322 -.872 - .489 .07
20 49.379 .146 - .075 .10
20 54,500 .201 .116 .13
40 47.701 .007 - .740 .06
o 54.308 .084 - .488 .07
60 31.547 .091 - .468 .14
60 40.307 .157 - .340 .18
20 52.722 172 .126 .09
20 5L.451 .220 - .043 .16
40 45.577 .085 - .149 .03
40 53.023 .084 - .069 .03
50 40.324 .027 - .019 .002
60 44.819 .099 - .215 .05
20 46.451 .208 - .116 .28
20 50.496 .16l .038 .19
40 45.988 099 - 224 il
40 47.402 111 .106 .10
60 35.788 .101 - .183 .39
50 40.848 .101 - .13 .10
20 37.107 - . 0b4 - .769 .05
29 78.569 -.173 -1.133 .16
40 58.727 -.065 - .509 LG4
40 62.654 -.094 - .61l1 .07
00
00

Degrees Centigrade = 5/9 (°F-32)
1 inch = 25.4 mm
1 mph = 1.609 kph

10.00
10.36
3.34
.04
7.23
3.87

3.66
7.57
9.29
7.2

7.51
7.04

6.67
7.14
7.23
7.24
7.22
6.23

7.50
9.22
0.23
7.30
5.75
4.381

0.44
7.25
7.150
6.85
4.03
35.55

7.07
8.12
7.49
8.52
7.66

7.90
7.72
7.21

6.75
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inconsistencies in the VHTRC trailer data to frequent equipment problems
which may have made much of the data suspect, particularly those collected
from November 1, 1977 to March 1, 1978.

ANALYSES OF TEXTURE DATA

As indicated earlier under Purpose and Scope, texture measurements were
made at sites 3, 4, 7, 8, 15 and 16 at approximately monthly intervals throughout
the research testing phase. The grease patch method of test was employed, and
tests with both the VHTRC car and trailer were made during one of the regularly
scheduled skid testing days. Results of these tests along with the skid test re-
sults and selected weather variables are shown in Table 18. The weather variables
included are those considered to be most important based on previously discussed
regression results for the skid testing devices.

Regression analyses were performed to determine the relationship of
texture and the weather variables mentioned above. The results of these analyses,
shown in Table 19, indicate the same basic relationship with the weather variables
as exists between skid number measurements and the weather variables; i.e., co-
efficients associated with temperature are negative while coefficients associated
with rainfall data are positive. It is also true, as indicated by the r“ values,
that the relationship is significantly better for some sites than for others, an
outcome that is hard to explain unless it is indicative of the lack of sensitivity
of the type of texture test used at certain types of sites or inappropriate
weather variables for those sites having the low r? values.

At sites 3, 7 and 8, where the relationship between texture and the
weather variables is high (high r2 values — Table 19), one would expect the re-
gression results having skid numbers as the dependent variable would not improve
a great deal if texture were included as an independent variable. At sites 4,
15 and 16 the inclusion of texture as an independent variable may be of benefit.
These thoughts are borne out in Table 20, which shows r2 values for regression
analyses including the three weather variables discussed above plus texture
values, analyses including only the weather variables, and analyses including
only texture.

SUMMARY AND RECOMMENDATIONS

As reported by various other researchers, skid resistance values as
measured with a locked wheel trailer vary significantly with time. 1In Virginia
it is felt the best estimate of the magnitude of the variability is reflected in
results discussed in this report for the VDHT trailer and VHTRC stopping distance
car. For the VDHT trailer the computed standard deviation for SN over time is
about 3.0 and that for the car about 3.25.

For both these testing devices, it was found that several independent
variables influenced the change in SN over time, with rainfall for month prior
to the testing and maximum air temperature the week preceding testing probably
being the most important ones. However, even when several independent variables

-39 -
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TEXTURE MEASUREMENTS

VHTRC TRAILER VHTRCTR..ILER VHTRC MAX. AIR RAIN YONTH
TREADED TIRE  BALD_TIRE CAR TEMP. WEEK BE- RAIN DAY UF 3EFORE TESTS,

SITE DATE SN SN 3N FORE TESTS, °F TESTS, INCHES INCHES TEXTURE
3 3-10-77 62 42 62 60 bl 2.88 .17
9-14-77 59 39 59 93 0 1.10 .16

10-24-77 58 47 61.3 65 0 L.al .19

5-23-78 77 62 61.3 83 0 6.00 .20

6-19-78 72 50 60.3 39 0 3.73 .1

7-07-78 oL 41 57.0 32 0 1.53 .16

8-21-78 86 40 61.0 86 0 7.27 .17

9-28-78 - - 58.0 82 0 1.42 .18

10-16-78 - - 58.7 91 0.15 2.76 .17

11-09-78 - - 63.3 58 0.02 8.70 .21

4 8-10-77 69 53 61.3 86 0 7.27 .31
9-"4=77 62 53 61.7 39 0 3.73 .26

5-23-78 78 65 64 83 0 6.00 .32

6-19-78 73 60 61.3 93 0 1.10 .23

7-07-78 68 57 59.7 82 0 1.53 W24

8-21-78 86 40 61.0 86 0 7.27 .17

9-28-78 - - 60.3 82 0 1.42 .26

10-16-78 - 61.3 60 0 2.88 .24

11-09-78 - 64.3 65 0 1.41 .30

7 8-08-77 48 39 52.5 94 0 1.12 .34
9-12-77 49 40 48.5 73 0 4.83 .33

10-25-77 45 40 48.0 66 0 4.64 .49

12-13-77 - - 5C.0 40 0 2.52 .50

+=27-78 55 51 52.0 47 0.69 2.17 .39

6-06-78 52 48 48.0 81 0 3.84 .36

7-17-78 50 38 46.5 82 0.11 2.99 .35

8-15-78 52 42 46.0 84 0 5.05 .38

9-19-78 - - 42.5 90 0.05 V.64 .34

10-03-78 - - 42.0 71 0 1.56 .35

11-28-78 - - 47.0 57 0.08 1.90 .45

8 9-12-77 36 35 37.0 73 0 4.83 .63
10-25-77 33 31 32.5 66 0 4.64 .71

12-13-77 - - 37.5 40 0 2.52 .74

4=27-78 47 46 43.5 47 0.69 2.17 .70

6-06-78 38 37 36.5 81 0 3.84 .73

7-17-78 36 33 33.0 82 0.11 2.99 .56

8-15-78 51 43 43.0 84 0 5.05 .51

9-19-78 - - 30.5 90 0.05 0.64 .51

10-03-78 - - 29.0 71 0 1.56 .51

11-23-78 - - 37.0 57 0.08 1.90 71

15 8-23-77 56 53 54.5 83 0.60 4.39 .61
9-12-77 5% 54 55.0 73 0 4.83 .58

10-25-77 53 50 53.0 66 0 3.01 .65

12-13-77 - - 59.0 40 0 2.52 .71

4-27-78 72 67 58.5 47 0.69 2.17 .1

5-18-78 69 67 62 74 0 5.38 .79

7-06-78 59 58 63.5 79 0 2.10 .81

8-15-78 60 60 53.0 84 0 5.05 .50

9-19-78 - - 51.0 30 0.03 YA .50

10-03-78 - - 50.5 71 Q 1.56 A

11-14-78 - - 53.0 60 0 0.54 .62

16 8-23-77 60 50 56.0 33 9.60 4.39 .66
9-12-77 57 55 55.5 73 0 4.83 .58

10-25-77 55 56 53.5 66 0 3.01 64

12-13-77 - - 55.5 40 0 2.52 .78

4=27-78 74 69 63.5 47 0.09 2.17 36

5~14-78 7 72 61 74 g 5.38 84

7-6-78 61 62 35 79 0 2.10 .82

8-15-73 62 ol 34 34 0 5.05 63

9-19-78 - - 52 a0 0.05 .04 .62

10-03-7s - - 50.3 71 0 1.6 .36

11-14-73 - - 54 60 0 0.54 .34

NOTE: Degrees Centigrade = 5/9 (°F - 32)
1 inch = 25.4 mm
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Table 19

REGRESSION ANALYSES
OF TEXTURE DATA

2/7/

. REGRESSION COEFFICIENT
E SHE r2 INTERCEPT gl‘gé AIORF Rf&l;fLL ’ Rzlgg‘iild ’
| ’ INCHES INCHES
: 3 .55 .219 -.00068 .034 . 0029
! 4 .05 .330 -.0010 _— .0018
7 .66 .621 -.0032 -.120 .0025
8 .97 .377 -.082 100.363 1.171
! 15 .19 .840 -.0018 ‘ .056 -.014
16 .26 .807 -.0027 .119 .018
NOTE: Degrees Centigrade = 5/9 (°F - 32)

1 inch = 25.4 mm
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are considered there are still unexplained variances in SN of 40% to 607 or
more. In general, results obtained with the VHTRC trailer were considered to
be suspect by the authors and were not extensively analyzed. The analyses per-
formed confirmed this suspicion.

Because of the remaining large unexplained variances in SN and because
of a smaller total variation in SN than reported by several sources, it is felt
the best approach in Virginia is to utilize method 2 as modified to predict aver-
age SN values; i.e., use

PMSN40 = [SN40 - C] + 20, where

0 = the within month site standard deviation, or
about 2.4 SN; and

c

correction factor from Table 7.

The grease patch method of measuring texture used in this study indicated
that the same basic relationship exists between texture and weather variables as
exists between skid number measurements and weather variables. However, the re-
lationship is somewhat inconsistent from site to site. While the authors feel
texture measurements can provide some insight into skid number changes with time
they do not believe that enough is understood regarding this relationship to allow
accurate skid number predictions from texture measurements as obtained by current
methods. The authors further feel that obtaining texture measurements is so time
consuming and expensive that their use would not be practical in routine skid
measurement surveys.

Based on the above, it is therefore recommended that Virginia include in
its computer computations of survey skid data the appropriate adjustment resulting
from the equation PMSN4O = [SN4 - C] + 20 to the measured average skid number for
a sight to reflect the predicte8 average skid number that would be obtained in July
and August for that site.

- 43 -



2174



APPENDIX A

Detailed Data for VHTRC Skid Test Car

2175



2176

(2€ - 4,) 6/G = @pea8TIUd) s99183Q :AION

v G 121 0 Y6 6y §2°0 96 7 oy 99 09 <9 8Ly 1-¢T
Fyg 6070 0 ¢ 9¢ ISR 8¢ 59 oy /5 £9 69 8L-67- LI
6eT 0 0 69 <9 $7'0 95 St 55 S5 66 89 8L-0C-0T
QR 7 70°0 0 oL 09 <z 0 6y 19 4 1 29 (9 81-9T-07
R7 S 61°0 0 1 (8 570 St 7Lt 98 I 66 (9 8L-81-6
98"y Sz 0 78 ag €Z°0 €L 801 8 €6 79 19 8L-L0-6
18y 2070 0 88 g 420 L9 £01 St 96 19 9 8L-17-8
£L°f 880 0 61 13 R0 7 i 8 X 09 oL 8L-L0-L
001 0% 0 0 79 £6 87°0 L t 98 1 €9 L9 RL-61-9
€9 €600 €00 €8 SR 87°0 1 1ot 08 56 19 L9 8L-10-9
1076 01°¢ T0°0 89 81 820 <8 46 9L 8¢ Yy oL 8L-61-6
€6y 19°1 0 49 s 87°0 19 29 89 LS €9 89 81-50-¢
& 0 0 L vl 8.0 49 9¢ €L Y6 19 5y 81-90~Y
6F°Y 050 0 g€ 0t $7°0 e vy 9 Ls 99 L9 LL-71-21
0L°8 RTARY 1070 Y9 z9 10 96 v 8¢ 8s 9 it LL-60-T1
701 60°0 n 08 ! vE*0 9 6 L 15 09 89 LL-82-6
S 7L 0 0 vg g 96" 0 St 001 <8 €S 79 99 LL-%7-8
9,7 Lz o Si'o 16 16 RL 0 €8 yir 06 05 99 69 [1-0T-8
v AL1S
fL07 6L 0 6 49 9¢ $7°0 8¢ 09 8¢ g €9 %9 8L-67-T1
6€° 1 0 0 69 69 5270 4G st 14 £ %9 L9 8L-0f-01
/87 7070 0 oL 09 $z7'0 6 19 d) s £9 89 81-01-01
R7¢ 61°0 0 6L (8 €z 0 <t go | 98 1 0y 19 8L-81-6
amy 671 0 8 98 5770 €l 8ot 23 I 19 99 8L -L0-6
A 7070 0 88 R S0 <9 zol vl yg 19 89 8L-17-8
£L°f 88°0 0 6L 18 gero . oIt 08 Ys 79 Ly RL-L0-1
01 0o 0 78 €6 $7°0 L 44! 98 149 0y 59 8L-61-9
iy fE°0 €00 €8 9 87°0 8L 101 o/ ve L5 (9 81-10-9
[0°6 01°€ 10°0 89 8L z°0 8 86 91 7 9 89 8L-61-5
€6y 19°T1 0 Yo 1c 820 9 89 89 8¢ L9 L 82-50-¢
Cihy I 0 st vl 820 143 9/ €L LS 59 99 /L 90-%
6EY 050 0 84 0€ o it LY 9¢ s 59 89 LL-70-C1
ngee 8Y°C 7070 L9 ca vE" 0 9g 49 8¢ €5 89 69 LL-60-1T
70T 6070 0 08 YL DI <l 6 L 8y 86 %9 LL-82~6
€61 66°0 0 Lt 78 7€ 0 e 76 8¢ Ly 96 89 LL-%T-6
ST 9 vL°0 0 8 g 8€°0 9] 001 <8 8Y 09 €9 LL-Y%2-8
91°7 (20 ST 0 16 16 8¢°0 8 6 o 8Y 29 99 L1-01-4
SHHONT SYHONT  SFHINL 4, 4 SRAONL 4, didL 4o dg tUdnal 09y Oys 0%y 41va
‘18Ul ‘isal ‘Isal 40 sdi’do  ‘Isaf j0 urawa  Haiva <t aud av R
HA0STY JU04YE AVA NIVE AF9M dNIL AV dW4L  gviadl LINANI AV € ALTs
HINOW NIVY W44M NLVH MIV "XV 4IV CXVH

XIN G6-S ‘% ANV € SHALIS

T~V 3T9&lL



u-2177

ww 4°GZ = Yduf I
(z€ -4,) 6/5 = @pea81aua) soa18sq :HION

06°T 86°0 80°0 0S LS GZ'0 09 0L 0S GY 8% 8/-8C-T1
0T°0 %00 0 19 GS 6Z'0 09 69 49 1Y TV 8L-%T-TT1
w0 0 0 99 09 Gz o 9¢ 08 0¢ 4 ey 8/-T€-0T
G6°'T 0S6°0 0 c9 16 SZ'0 L9 96 09 oY VA 8/-81-01
9¢° T 0 0 0L TL SZ°'0 89 S0t Gl % £y 8/-€£0-0T
%90 60°0 G0°0 18 06 GZ'0 GL 8¢T 88 A ey 8.-6T-6
9°1 20°0 0 8 8 GZ°0 89 87T v8 A 9% 8.-90-6
G0°¢S 20°1 0 98 8 GZ'0 0L AR 8 ch LY 8/-GT1-8
66°C €6°0 IT°0 08 8 87°0 69 Gzl 8 VA 6% 8L-LT-L
0T°¢ €6°0 0 Z8 6L 82°0 0L 0cT 98 VA LY 8/-90-/
€91 Sh*0 S%'0 18 06 87°0 89 1T c8 oY 9% 8.-0C-9
8L°¢ SH°0 0 08 8 82°0 SL 111 8L LY 6% 8.-10-9
€0°G 0S'T 0 99 0L 870 69 LTT 9/ 0S %9 8/-81-6G
[1°2 VTR 69°0 8¢ LY 820 09 06 09 0S %G 8.-1LT-%
6T 0 0 9¢ oY T€°0 65 99 29 8% A9 LL-€T-CT
9%°9 0Z°0 0 €S €9 €0 09 0L 19 1{9 cS LL-9T-TT
%9y 0 0 199 199 T€°0 6S 69 79 Gy 18 L1-SZ-0T
TL°C 901 0 199 L.9 T€°0 ¥9 88 86 9% 6% LL-TT-0T
LT°% Lz°o 0 LL Lt ¥€°0 ¥9 8L 8¢ LY 49 LL-1LT~6
€8 Y ¢T°0 0 8L €L ¥€°0 19 c8 1L 9% 16 LL-2T-6
G8°¢ ce ¢ %00 88 L8 8€°0 89 901 76 9% s LL-90-6
ST°C 8L°0 0T"0 18 168 8€°0 89 €8 8/ 6% 0S LL-T2-8
rARES 90°T 0 116 1v6 8€°0 9 90T 18 159 129 LL-80-8
SHMONT SHHONT STHONT d a, STHONT  4,° dWaL do 4, “awal  O'yg 0¢ys q1va
‘LSHL ‘LSAL ‘ASAL A0 ISAL 40  ‘ISAL 40  ‘HIAIA YILVM ¢ aWdL q1v

TI0LA] AY04Tg  AVA NIVE MAAM "dWIl AVd "dWAL avyyl INIWIAVd

HLNOW NIVY JMJ4AM N1VY

dIV "XV ¥TV “XVH

XIW ATINIYAS ¢/ dLIS
-V @198}



um H°G7 = your T

(ze-4,) 6/S = opei31iua) s9913aQ :HION

06° T 86°0 80°0 05 LS Z°0 86 <9 Gy s 0y 8.-87-TT
010 0°0 0 19 cs <Z°0 09 69 26 67 8¢ 8L-4T-TT
070 0 0 99 09 $Z°0 96 08 0S 87 8z 8/-TE-0T
<671 05°0 0 c9 15 <20 <s €9 15 62 7€ 8.-8T-0T
96T 0 0 oL 1’ 57°0 c9 6 €L 62 67 8/-€0-0T
79°0 60°0 $0°0 18 06 $Z2°0 oL AR 98 67 z€ 8-6T-6
79°1 20°0 0 z8 78 <Z°0 89 01T 9. 1€ ne 8£-90-6
0" ¢ 20° 1 0 98 "8 $Z°0 oL ZTT 78 0¥ 94 8(-ST-8
667 €60 170 08 1L 82°0 2L 80T A 7€ ne 8L-1T-L
01" 7 €50 0 78 6L 82°0 0L cZT 28 67 s 8-90-1
€9°T ch°0 $0 18 06 820 59 0T 18 1€ 3 8.-07-9
8l°¢ ch*0 0 08 Z8 82°0 L 86 L 1€ ce 8/-T0-9
€0°¢C 06" 1 0 99 oL 82°0 L9 L0T 9. 9€ ey 8L-8T-S
117 v T 69°0 8g Ly 870 86 oL e 0y Ly 8L-17-Y
76°7 0 0 9€ oY 1€°0 8% 1L 86 ce 0¥ [1-€T-TT
9%°9 02°0 0 €S €9 €0 19 nl 29 8¢ 0 [1-9T-TT
VA 0 0 199 199 €70 09 7] 29 1€ ne [L-57-0T
L°7 90°T 0 199 1.9 1€°0 %9 68 LG vE L5 LL-TT-0T
[T 1270 0 L1 L1 nEe "0 2L 98 o 1€ 0¥ LL-17-6
€8 ST'0 0 81 €L be"0 19 86 17 ot 6¢ LL-TT-6
s ce-e 0°0 88 L8 8€°0 "8 66 "8 €€ 04 L1-90-6
c1'7 8L°0 0T°0 178 168 8€ "0 08 80T /8 3 ot [1-77-8
2T T 90° T 0 116 146 8€°0 18 67T 26 8¢ 1 L1-80-8
SHHONT SHHONT  SHHONT i, i, SHHONI 4, ‘WAL 4o 4 cawar s 0Cys TLVa
‘1S4l ‘IS4l ‘ISdl g0  IsAL 40  ‘ISHL 40  ‘HIdAd YAIVM ¢ dWAL a1V
THOLHL T90439 AVA NIVY OHAM dWIL  AVQ dWAL  Qvadl, INAWAAV

HINOW NIVY YaaMm NIVI AIV "XVW ¥1V XVK

INARLYIYL AOVAdNS ANOLSHEWIT ‘8 HIIS

£-V 91qe]

2178



2179

mu H°qZ = your T

(z€ - 4,) 6/S = opeadtius) soo18aq :EION

0l g %0 0 19 49 ST°0 09 69 49 1< 9¢ 8L-%T-1T1
a1 0 0 1L 1L (YA] 4] S8 v9 6% A9 8/-€0-01
¥9°Q 60°0 00 18 06 cZ°0 89 011 88. (119 ULY 8L-6T-6
09T (A1) 0 8 78 cZ°0 oL 8 17} 6% €C 8L-90-G
0" ¢ 01 0 og v8 20 89 80T 18 149 9¢ 8/-G1-8
01°z £€5°0 7070 8 6/ 82°0 0L 08 1L (19 6S 8/-GS0-¢
£ 1 Sy 0 (A1) 18 06 20 s9 86 St 93 19 8L-07-9
£/ 1 90°0 0 u8 8 87°0 42 Y6 08 9¢ 8¢S 8L-0C-§
£0°¢ 061 1] 9 0 820 LS £8 39 86 v9 8L-81-§
L1°2 L7 | 69°0 8¢ LY 8°0 8¢S 149 49 €S 89 8L-LT-Y
752 0 0 9¢ o 1€°0 4 Sy yh vs LS LL-€1-2T
£8°9 0z'0 0 119 19 1€°0 99 6% 6S 119 09 LL-9T-TT
VT4 0 0 199 199 1€°0 %9 86 S6 1¢ 9¢ LL-ST-0T
f7°6 69°'T 810 199 1.9 1€°0 L9 €L Ly 49 6S LL-11-01
Ly Lo 0 97 174 ve'o 0L %8 4 0S 8S LL-8C-6
GGG iT°o0 0 9L 17 vE'o L9 98 L9 £S 8¢ LL-€T-6
AR (93 v0'0 88 (8 8C°0 1L 8 €L 49 8¢ LL-L0-6
6€°Y -1 09°0 L18 1£8 £€€°0 %9 68 6L 9¢ 9¢ LL-€7-8
9T 411S
01°0 %0°0 0 19 94 $Z'0 09 66 49 0S 99 8L-%1-T1
96" [ 0 0 i 1L S0 <9 <8 %9 8Y €S 8L-£0-01
%¥9°0 60°0 500 18 06 SZ°0 89 00T £8 4] (19 8.-61-6
791 20°0 0 (8 Ay (YA ] 8 171 15 96 8L-90-6
0" ¢ 0" 1 0 98 v8 SZ0 P4 801 18 €S €S 8L-ST1-8
01z £S°0 %0°0 78 6L 82°0 oL 08 1L 96 9 §L-S0-L
€9° 1 SH0 SY'0 18 06 8270 <9 86 St 199 09 8L-0C-9
€8°T 90°0 0 08 8 82°0 4 v6 08 LS 8¢ 8L-0L-¢
€0°¢ 051 0 Q9 (174 RC°0 LS €8 89 66 %9 8.-81-G
VA o4 L7281 69°0 QY Ly 87°0 8< 19 49 79 9 8L-L(-Y
P 0 0 97 oy 1€°0 A Gy Yy 49 £9 LL-E1-CT
£8°9 070 0 [19 19 1€°0 96 65 LS 65 09 LL-91-T1
LT 4 0 199 196 €0 €S 84 o9 6% LS LL-$2-0T
€7°6 69°1 810 199 1.9 1£°0 L9 €L LYy ts 8¢ LL-TT-0T
(1% {20 0 SL 171 GE0 ol y8 44 0s 19 LL-82-6
(9N o ¢ 9. 17 ve"0 (9 9/ e 8y 8¢ LL-ET-6
Wy ce'g %00 88 (8 8€°0 1L 8 €L 15 09 LL-L0-6
6F Y 11 090 LR AFR 8L°0 Y9 68 6L 29 9¢ LL-€7-8
SAUON L SHHON [ SHHIN L 1, 4, SHHON1 4 ¢ dudl 49 44 canar s 02 41vd
BRESCRE ‘1831 ‘1SAL d¢ USEAL 40 ‘IS3L 40 ‘Hldda v4Lva ¢ IWAL a1v
MO FH 40434 AVA NIVY TdM “dHEL  AVA dWAL avdul IHAHIAV | TS
IFNON NIV d43M MY IV "XVIH ¥IV °“XVH

XIH NJ0DdOd ‘9T ANV ST SHILIS

-V 91qel



2180



%1¢9°0

mn §°G7 = your

ydéy T

— (€ -4,) 6/S = @pea8riIue) soa18sq :dION

&

<\

e R
68°¢ s oou° Lz8° e 681 °€T- 090~ 250"~ aho* 990" - e 900°8§ 9
ssve 65" 069" Les'y oreL wnttze- wet* 900" - o1~ 280" - T sz n65°29 e 91
6e7€ 69" €06* ey g50°¢ 90695~ e’ 661°- eshe - Le1° Bse” zen'e9 9
8e e T9° 952’ o'z 999°¢ Tos°LT- sto° 61 - 8Lz - iz tet The 69 2 st
Live s 66" sz9° 9L L IS 6c0°- siE* 628 - Lo - 820"~ 886°L2 "o
on'n €y n61°1 LSn°Y 0z0°6 928°9 6L0° Sho* 198~ £90°~ 190° 896°2¢ t4% 8
1o 88" oL 066°Z- 80°L s6€°Ls Loz” €90° 12z - art* - sge 0z "9
1977 Ter IR ez’ 0§9°G o8e 6L 418 e ser- ze0° 6z¢ - 29e€L ze L
en's ve- 6L Ter Bzen - 86L°02- nzo'- 50"~ e - £80° tso’ 180°59 L6
wt we ez Leer Leote oLL 6t 80" - Lev: 80"~ 8Lo - Lho- 952°€9 19
(TR 19’ 612"~ ore*y ocea 0co* zro sor* 600°- to1°- o R RT) ze "
Lot €8’ 09z° 960° ez Lt 2ezs- s80°- ono* - gzo° sor°- 6zt* 6n9°sL L6
nat se° 100 o't 9916t 68€ e~ st - 9€0° - Too*- - Lor* 66€°18 "
oL'e o5 Leo’ cre* 616°21 e et- oco* tho’ 9ze* 292~ 910~ 29c°¢9 e ¢
Sy K .. Sawow1 .. SaoNr SAIDNTL *SLSdL SHUHONE ‘NLd 4, ‘sisii 4o 4, ‘S1Sdl 40 4 ‘si53L .n-o.-u{ 4, ‘sisaL 4, °S184L 40 14404 aINT (udx) aurs
SLtAl @¥odag | *sisdl 3wosus | 4o ave Nive avaur auis fMif cavar waave| SRis caidy | Rean coest wiv | 40 Bva cawar | akfe caEs wiv aa3as
FLWR AW X13H-T NIVH INEWIAVA XVH AV v aw

SATIVIAVA TIV - VD HONVISIA INIJJOLS DUIHA
SLINSHY NOILVTAYY0D ANV NOISSHEOHY HTIILTIAK

4 XIaQNIddv




- 2182



APPENDIX C

VHTRC TRAILER 0 VALUES 21894
SITE TIRE SPEED, MPH X n g
1 Bald 20 44,36 170 7.28
Bald 40 28.17 385 5.68
Bald 60 19.02 169 5.35
Treaded 20 60.37 170 8.41
Treaded 40 48.19 488 7.20
Treaded 60 36.92 169 6.11
2 Bald 20 59.89 170 7.07
Bald 40 41.59 384 5.13
Bald 60 30.20 170 4.86
Treaded 20 74.60 175 8.06
Treaded 40 65.00 489 6.61
Treaded 60 53.64 170 5.84
3 Bald 20 54.05 175 6.99
Bald 40 37.57 400 6.74
Bald 60 29.27 180 5.84
Treaded 20 67.74 175 7.73
Treaded 40 56.35 490 6.74
Treaded 60 47 .41 175 6.54
4 Bald 20 65.08 175 8.45
Bald 40 51.24 390 7.07
Bald 60 40.85 175 6.19
Treaded 20 72.46 175 8.17
Treaded 40 63.25 495 6.80
Treaded 60 54.83 175 6.95
5 Bald 20 71.39 115 7.15
Bald 40 63.89 115 7.44
Bald 60 58.22 112 8.24
Treaded 20 74.17 115 7.01
Treaded 40 64.47 115 7.23
Treaded 60 58.03 115 7.36
6 Bald 20 73.86 115 7.29
Bald 40 65.98 115 8.01
Bald 60 57.98 115 7.63
Treaded 20 74.98 115 7.65
Treaded 40 67.57 115 7.35
Treaded 60 59.08 115 6.43
7 Bald 20 46.12 130 6.94
Bald 40 38.07 130 6.16
Bald 60 31.47 130 6.48
Treaded 20 52.59 130 6.53
Treaded 40 44 .88 130 5.57
Treaded 60 40.73 130 5.43
NOTE: 1 mph = 1.609 kph
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SITE TIRE SPEED, MPH n g
8 Bald 20 37.87 130 6.89
Bald 40 31.38 125 6.11
Treaded 20 39.89 130 7.84
Treaded 40 33.92 130 5.35
9 Bald 20 55.99 135 5.67
Bald 40 41.16 145 4,81
Bald 60 34.10 140 4.33
Treaded 20 66.56 133 6.96
Treaded 40 54.88 140 6.07
Treaded 60 47.34 140 5.23
10 Bald 20 63.57 135 6.15
Bald 40 49.52 140 7.68
Bald 60 38.51 140 6.03
Treaded 20 72.82 135 7.28
Treaded 40 62.15 140 6.35
Treaded 60 52.96 140 6.24
11 Bald 20 60.78 130 6.98
Bald 40 45.75 144 7.17
Bald 60 36.76 145 6.09
Treaded 20 63.82 130 5.74
Treaded 40 53.72 145 5.86
Treaded 60 46.09 145 5.01
12 Bald 20 71.26 130 6.37
Bald 40 57.76 145 7.50
Bald 60 48.97 145 7.09
Treaded 20 72.74 130 8.14
Treaded 40 64.90 145 5.38
Treaded 60 57.68 145 5.84
13 Bald 20 61.95 130 6.21
Bald 40 51.61 145 5.13
Bald 60 39.36 145 4.85
Treaded 20 63.18 125 5.65
Treaded 40 55.59 140 5.47
Treaded 60 46.01 140 5.75
14 Bald 20 62.18 130 6.75
Bald 40 54.52 145 6.91
Bald 60 46.80 145 5.47
Treaded 20 62.56 125 5.94
Treaded 40 56.84 140 5.40
Treaded 60 50.42 139 5.45

NOTE: 1 mph = 1.609 kph



2185

SITE TIRE SPEED, MPH x n ol

15 Bald 20 61.11 115 8.30
Bald 40 50.52 114 7.12
Treaded 20 63.55 115 8.14
Treaded 40 53.27 115 6.84

16 Bald 20 64.05 115 8.32
Bald 40 55.54 114 7.24
Treaded 20 64 .64 115 8.97
Treaded 40 56.19 115 7.38

NOTE: 1 mph = 1.609 kph
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