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Tire-Pavement Noise Measurement 
Using Transfer Functions 

S. SLUTSKY, P. J. GREALY, and W. R. McSHANE 

ABSTRACT 

An investigation of the use of transfer functions in the measurement of tire
pavement noise is reported. A large variety of tire types and several pavement 
types were studied. It was found that all transfer functions for automobile 
tires that have been determined so far cluster into a band approximately 1 dBA 
wide. This result makes it possible to predict wayside tire noise levels from 
on-board measurements, thereby reducing the cost and complexity and increasing 
the range of tire-pavement combinations that can be investigated in a modestly 
budgeted program. It was also found that test tires must be cured before reli
able on-board (near-field) measurements can be expected. 

Summarized in this paper is a phase of the work that 
was carried out (and some of which is still in prog
ress) in connection with the measurement of tire
pavement noise attributable to automobiles, light 
trucks, and heavy trucks. Of the results obtained 
during this phase, the following are included: 

• Characterization of the tire-pavement com
ponent of total vehicle noise emission 

• Assessment of the effects of different tire
pavement combinations 

• Development of a measurement methodology that 
may be more convenient than those currently available 

In the following sections, some of the past prac
tices and their perceived shortcomings are discussed, 
followed by an outline of the on-board methodology 
used. Then, the transfer function idea, which is 
required to extrapolate from on-board to the wayside 
impact location, is discussed. Finally, some of the 
results of the study are presented. 

BACKGROUND 

The importance of tire noise as a source of automo
tive vehicle noise emission has been recognized for 
some 30 years or more. Both government and industry 
have been concerned with it as one of the currently 
limiting elements in the control and reduction of 
noise on and in the vicinity of our nation's highway 
system. Thus, it is apparent that automobile noise 
emission levels above approximately 40 mph cannot be 
significantly improved by improvements in the vehic
ular engine system (including casing, intake, ex
haust, fan, and other auxiliary components) without 
at the same time (or first) addressing the tire as a 
noise emission component. 

On the other hand, it has already been noticed 
that the range of tire noise (keeping pavement fixed) 
can be as much as 10 dBA for different tires. Con
versely, noise made by the same tires on different 
pavements has also been found to differ by as much 
as 10 dBA (.!_-1_). It must be .iddcd thot these were 
outer limits and that most variations found were 
smaller. 

Early programs of tire noise testing carried out 
by the American Trucking Associations and by General 
Motors established the importance of some of the 

basic parameters governing tire noise, such as the 
dependence on speed, tire tread pattern, and pave
ment type. Since then, increased attention has been 
given to prediction of the sound power output 
anticipated for a given tire-pavement combination. 
It was found that "rank ordering of passenger tire 
noise can only be made when referenced to a specific 
identifiable surface" (_!), 

Thus, the result of recent years of effort (in 
Europe and Canada, as well as in the United States) 
has been to recognize that the tire-pavement inter
action mechanism is complex; that its dominant com
ponents change significantly with tire type, pavement 
type, and operati ng condition; and that many param
eters play an important role. Studies by Nilson (5) 
and Sandburg (§_) are especially relevant in this 
regard. 

A further difficulty encountered in the effort to 
characterize tire noise is the lack of uniqueness of 
the usual outdoor noise test measurement procedures 
of tires and difficulties in the indoor procedures 
as well. These difficulties are briefly reviewed in 
the following subsections. 

Wayside Measurements 

Most measurements have, until recently, been made 
outdoors as coastby measurements (engine off) on 
standard concrete by using the Society of Automotive 
Engineers recommended practice on Sound Level of 
Highway Truck Tires (SAEJ57a). 

Miller and Thrasher CZ.> note that many uncer
tainties are present in the coastby technique. They 
find (a) the use of fast response increases error; 
(b) a change of 2 to 3 dBA with direction of travel; 
(c) successive passby variations on hot, cloudless 
days of up to 3 dBA in 1 min; (d) the occurrence of 
after peak, that is, large pressure fluctuations 
experienced by the microphone 4 to 5 sec after vehi
cle passby. 

Large site-to-site variations of 5 to 7 dBA were 
founu ror d yiven vehicle (!!_). variations were ap
proximately 1 to 3 dBA at a given site. It was found 
that results showed a lack of reproducibility of an 
absolute tire sound level among test sites, and that 
there existed too many variables of surface and 
environment. It was further concluded that the 
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SAEJ57a coastby noise test is limited because it is 
not repeatable. 

Nevertheless, informal discussions with tire 
noise groups from tire companies and from FHWA are 
in agreement that care in observing stable micro
weather conditions (uniform air and ground tempera
ture, and low wind speeds) could favorably affect 
reproducibility of test results at a given site. 

Indoor Roadwheel Measurements 

Indoor roadwheel measurements of tire noise are 
widely discussed in the literature, and are partic
ularly attractive to tire companies as a means of 
comparing tires under highly controlled and repro
ducible conditions. The facility is generally an 
anechoic chamber with a roadwheel that has a large 
diameter; this roadwheel is coated with various 
textured materials to simulate road materials. It 
was found that a significant degree of care (and 
expense) was necessary to test a variety of road 
surfaces. 

On-Board Measurements 

The third principal method of tire noise measurement 
is that achieved by attaching the microphone to the 
vehicle in the vicinity of one of the test tires. 
Figure 1 shows a typical microphone location (~) as 
used in recent studies (.!Q,11). A variant of this 
procedure is the placement of the test tire and 
microphone on a trailer pulled along at some dis
tance from the tractor vehicle (12). 

The goals of prec1s1on and speed in measurement 
of tire-pavement noise led the authors to base their 

TEST SURFACE 

Note: Windscreen not shown in photogiaph. 

FIGURE 1 Typical moW1ting of on-board microphone for 
measurement of tire noise. 
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procedure on the on-board measurement technique for 
a number of reasons: 

• Reiter and Eberhardt found that the on-board 
and far-field (50-ft) measurements correlated very 
well (10) • They a l s o found that on-board and labora
tory roadwheel measurements correlated very well, 
despite the on-board microphone experiencing wind 
noise. 

• The capital equipment and operating expenses 
for an on-board measurement program are modest com
pared with the alternatives. 

• The on-board signal-to-noise ratio is high. 
• The signal is not subject to microweather 

instabilities. 
• The test site need not be restricted to a 

single strip, but may be sampled from a large range 
of pavement types. 

The difficulty caused by wind noise on the on-board 
microphone was solved (down to 200 Hz) by construct
ing a teardrop-shaped foam windscreen 7 in. wide and 
16 in. long (see Figure 2), similar to the Rosenheck, 
Hoffman, and Wittwer design (J1.). 

FIGURE 2 Windscreen used for on-board tire noise 
measurements. 

The noise spectra obtained with the windscreen 
shown in Figure 2 for a vehicle speed ot 55 mph i~ 
presented in Figure 3. The first set of data (solid 
circles) represents measurements made behind a moving 
tire; the other set (open circles) represents a 
nonrotating tir e mounte d on the roof of a vehicle, 
reproducing the turbulent wa ke bu t eliminating the 
tire-pavement nois e. As can be seen from the plots, 
a separation of at least 5 dB exists between wind 
noise and tire noise, down to a frequency of about 
200 Hz. These results indicate that on-board, near
tire measurements can be made with good signal-to
noise ratio, without masking wind noise. 

Transfer Functions 

The methods used by Reiter and Eberhardt (10), by 
Plotkin, (9) and by Hajek et al. (3) involving the 
measurement of the tire near field -by using an on
board microphone needed one further element to adapt 
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FIGURE 3 Third-octave data for teardrop-shaped windscreen. 

them for use as wayside noise indicators--a rela
tionship between the wayside measurement and the 
on-board measurement (see Figure 4). 

A correction factor or a simple functional opera
tion, which would yield a prediction of the standard 
50-ft wayside sound pressure level, is needed that 
could be performed on a noise measurement made on a 
moving vehicle. The correction the authors were led 
to is the arithmetic difference between the on-board 
measurement and that at a 50-ft wayside receptor, 
L (50). This correction is labeled "transfer func
tion" (TF) and it is defined operationally as 

TF = Inn-board - [L (50) l (1) 

It is necessary to caution that this is not the 
usual definition from linear system theory [such as 
used in Reiter and Eberhardt (10)] inasmuch as no 
phase data is preserved. Rather--;- the form of Equa
tion 1 corresponds to the level differences described 
by Reiter and Eberhardt (!Q_). 

Ll L2 

Wayside Mic. 

Note: R; is the radial di stance to the wayside receiver, 

F1GURE 4 Source-receiver geometry. 

It was hypothesized that the variation between 
TFS for various tire-pavement combinations would 
prove to be small compared with the variation in 
sound emission strength between the combinations. It 
was hypothesized that at worst only a small number 
of TF classes might be required, perhaps 1 or 2 for 
automobile tires and a similar number for light 
truck tires and for heavy truck tires. 

To investigate this hypothesis and place it on a 
firm foundation, simultaneous on-board and wayside 
measurements had to be made, TFs had to be deduced, 
and their variability had to be studied. This in
vestigation involved 9 tire types for automobiles, 9 
tire types for light trucks or vans, and 7 tire types 
for heavy trucks, as well as 4 different pavement 
strips. Furthermore, because it was necessary to 
avoid the errors and unce rtainties due to pre
viously noted micrometeorological instabilities, the 
measurements were carried out under conditions of 
low windspeed and nighttime hours between sunset and 
sunrise. 

EXPERIMENTAL CONFIGURATION 

Instead of following the usual order of presenta
tion, that is, starting with the theoretical basis 
and following with the procedure, that order will be 
reversed in this paper: the exper i mental methodology 
will be reviewed and then the theor e t i cal ideas, 
alternatives, and questions will be discussed. 

The instrumentation configuration was reported 
previously (13) and is shown again for convenience 
in Figures 5--and 6. Figure 5 shows the transit of a 
test vehicle past a wayside microphone at a per
pendicular distance of 50 ft. Two tapeswitches placed 
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on the road pavement are spaced 200 ft apart and are 
centered over the perpendicular from the microphone, 
thereby furnishing a reproducible roadway test strip. 
(Two additional tapeswitches placed 30 ft apart 
furnish an additional smaller subsection useful for 
verifying vehicle speed and position). The tape
switches activate a trigger circuit in the microcom
puter incorporated within the instrument package, 
which scans the third octave and A-weighted output 
levels of an IVIE IE-30A sound level meter and third 
octave analyzer. The signals (up to 30 discrete 1/3 
octave bands) are digitized and recorded in the 
microcomputer memory. 

At the same time, the on-board microphone signal 
is monitored, amplified, and telemetered to the 
wayside, where it is processed by a second IVIE 
IE-30A sound level meter to yield corresponding 
third-octave and A-weighted data. The computer does 
not record the two data sets simultaneously; instead, 
it alternately makes one sweep of IVIE 1 (wayside) 
in about 11.5 ms, waits for the timing clock of IVIE 
2 (on-board signal) to reach its starting position, 
and then makes a sweep of the IVIE 2 data channels. 
Because the two IVIES are independent and unsyn
chronized, the waiting time is between 0 and 11.5 
ms. This sampling waiting time between the two 
signals and the IVIE outputs being rms-DC-logarithmic 
processed signals make it impossible to use conven
tional cross-spectral data processing techniques 
such as those described in Reiter and Eberhardt 
( 10) • On the other hand, the logarithmic data are 
processed at relatively great speed and low cost. 

When the test vehicle passes the second of the 
principal (200-ft) tapeswitches, the data collection 
stops, the computer core memory is transferred to 
diskette, and the system becomes ready for the next 
passby. About 20 passbys can be stored on one 
single-sided, single-density floppy disk. Each pass
by at 55 mph consists of about 75 complete cycles of 
on-board and wayside data, with each cycle contain
ing 67 data points. The diskettes accumulated over 
one collection session are then generally processed 
automatically overnight. 

ALTERNATIVE TF FORMULATIONS 

Four TF formulation options have been identified: 

1. Find the maximum wayside A-weighted level and 
corresponding third octave levels, and subtract them 
from the on-board values for the same cycle sweep to 
obtain TF. 

2. Find the A-weighted and third octave levels 
for each of the (approximately 75) time cycles, 
correct them to equivalent 50-ft values, subtract 
each of these from the on-board values for the same 
cycle, and average the corresponding differences to 
obtain average TF. 

3. Find Leq (equivalent sound level) for the 
passby for the A-weighted and third octave wayside 
data and subtract from the corresponding on-board 
Leq to obtain Leq TFs . 

4. Find the average of the 50-ft corrected way
side data and the on-board data, and subtract to 
obtain an average TF. 

Fault was found with Option 1 because there was 
much data in each passby, which together should be 
more reliable than the single data -point. Option 2 
was found useful for analyzing directionality pat
terns, but is more cumbersome than Options 3 and 4. 
Option 3 has the conceptual defect that it ap
parently does not give predictions for other wayside 
distances. Option 4 appears to be quite reasonable, 
but it weights source points close to the receiver 
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equally with those at the beginning and end of the 
test run. Problems with each of Options 1 to 4 led 
to the development of Option 5: 

5. Find the difference of the Leq measured at 
the wayside receiver (Figure 2) during a passby and 
the Leg that would exist if the sources were omni
d irect1onal and with constant strength. This can be 
expressed as 

TF 1 
I-Osi/10 z 

10 log l/N l: 10 x (D~/Ri) + K 
L ·/10 

- 10 log l/N l: 10 W1 

where 

l1Jsi on-board sound pressure level at time 
t = ti, 

D0 offset distance from wayside microphone 
to centerline of lane, 

Ri radial distance from observer to noise 
source, 

K constant, and 
Lwi noise level observed for wayside 

receiver. 

(2) 

The constant K can be interpreted as depending on 
the squared ratio of the on-board microphone to 
SOl.lrce distance and the offset distance D0 • (More 
information about K is provided in the discussion of 
directionality that follows.) Because the actual 
functional form of K cannot be set down in a simple 
form, it is merged in the overall transfer function, 

TF, with the result 

TF 
I.Qsi/10 z z 

10 log l/N l: 10 x (Do/Ri) 

- 10 log l/N l: lOLwif lO (3) 

However, l1Jsi is extremely stable over a passby 
run, and the second term is recognized as the passby 
Leq• so that, 

TF = Los - Leq - a 

where 

Los on-board sound pressure level, 
a difference in vehicle position from Lo, 

and 
z z 

-10 log l/N t (D0 /Ri) : 6 = 10 log [IL1/D0 1 
+ IL 2/D0 1/arc tan IL 1/D0 1 
+arc tan IL2/D0 1) (4) 

The right-hand side of Equation 4 is obtained by 
allowing the sum on the left-hand side to approach an 
integral in the limit of large N. For the trap di
mensions used, L1 = L2 = 100 ft, D0 = 50 ft, and a = 
2.6 dB. It can be seen that Option 5 differs from 
Option 3 only by the factor a, which is the same 
for all runs with similar pavement length to offset 
ratio. 

It should be noted that the TFs as defined above 
are for one axle. The effect of adding a second 
identical axle is that 3 dB is added to the wayside 
passby Leq and nothing is added to Los• (The on-board 
microphone only sees the rearmost axle because of 
shielding proximity to the source.) Accordingly, the 
resulting two-axle TF is less by 3 dB. (The actual 
results are for a two-axle TF.) The contributions of 
two unequal axles must be found by decibel subtrac
t ion of the results from the homogeneous and mixed 
cases. The energy contribution of multiple axles is 
similarly obtained by superposition. 
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AVERAGE TF FOR REPEATED PASSBYS 

For each run, the data analysis procedure used in
volves generating a third octave array of wayside 
Leq• of on-boa rd Loa (arithmetic) average , and 
of the corresponding (two-axle) TF (as defi ne d by 
Equation 3). These runs are repeated between 5 and 
10 times for each combination of three conditions: 
t i r e -pa vement, speed , and either powe red eng i ne or 
i dle engine (35 r uns per ti re- pavement combi na tion). 

Question arises about which is the most appro
priate proce dure for averaging TFs. The procedure 
that was fir st choice, for simplicity and ease of 
error detection, was to calculate the mean value ot 
all the TFs (in a given spectral band) as well as 
the standard deviation. Any large standard deviation 
would call attention to a suspicious run and cause a 
search for the on-board or wayside root of the 
trouble. Obvious errors (as distinct from possible 
random effects) could thereby be eliminated. 

Assuming now that the data contain only varia
tions that cannot be attributed to error or other
wise discounted, considered should be overall average 
TFs for runs r = 1 to NR, defined by any one of the 
following three alternative forms: 

TF 2 

TF = 

TF 

where 

NR 
l/NR l TFr 

r 

NR 
-TF1/10 

-10 log l/NR l 10 
r 

NR Loa/lo 

10 log l/NR l 10 
r 

NR 
- 10 log l/NR l lo(ELS0)/10 

r 

NR total number of test runs, 
TFr =transfer function for test run r, with r 

varying from 1 to nr, and 

EL50 = Leq + 6 

(5) 

(6) 

(7) 

(8) 

EL50 is Leq corrected so that the receiver appears 
to be at a constant dista nce of 50 ft during the 
passby. 

The meaning of Equation 5 is obviouo 1 it is th1;1 
arithmetic average already discussed previously. 
Equation 7 represents the difference of the energy 
averages of all of the on-board averages and the 
wayside EL50 values. Thus, given an on-board read
ing, a most probable wayside prediction can be made. 
Equation 6 represents an average of the energy ratios 
of Ioa and Iwr' 

10 
NR 

<1wr x lofl/lO)/loa x (l/NR) 1 
r 

lo-TF/10 = <1wr/Ioal lot:./10 

10 

where 1wr is the intensity at the ways i de receiver 
and Ioa is the on-board intensity. The mean TF 
follows by taking logarithms. 

Although Equations 5, 6, and 7 appear to be quite 
different, the numerical values of the resulting TF 
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are equal to within 0.1 to 0.2 dB even for large 
values of sigma (2 or 3). 

fi~STAN·rANEOUS TFs 

A metric of considerable interest is the radiation 
directionality, which reflects the influence of tire 
carcass construction and footprint slip-stick 
mechanism. The pattern of the instantaneous (time
evolving) TF is therefore of interest for the light 
that it might shed on this construction and this 
mechanism. 

The geometry of ~·igure 1 (neglecting gruund aL>

sorption for the 50-f t wayside position) results in 
the relation between wayside intensity lw due to 
the 4 tires and on-board intensity Ioa ' 

Iw = Ioa x (D~/R2 ) x K(e) (9) 

where K(0) includes a directionality index and a 
constant factor depending on the on-board microphone 
position (angle and distance from the on-board source 
tire) as well as on the wayside contributions of the 
other tires. For autonobiles and vans, it is assumed 
that directionality will not be affected much by the 
presence of 4 tires instead of 1, for 4 identical 
tires if the wheelbase is small compared with the 
offset distance D0 = 50 ft. (Characteristics of 
mixed tires would have to be determined by energy 
subtraction.) 

The instantaneous TF (for 4 tires) would be 

TF 10 l og (l/ Ki) (10) 

- 10 log <Ioa/1wrl (D~/Ri.l (11) 

[ Lwr/10 2 J = Loa - 10 log LlO x (D~/Ri) (12) 

where K; is the constant energy term that is a 
function- of time. 

Figure 7 shows a representation of the instan
taneous TF plotted versus axial distance instead of 
angle. 

40 
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F1GURE 7 Instantaneous transfer function versus axial distance. 
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FINDINGS 

Initia l Measur e ment Results 

Computations of the A-weighted TF for automobile, 
light-truck, and heavy-truck tires were carrie d out 
for many tire pavement sets during spring, summer, 
and fall 1983. The authors were surprised and disap
pointed to find large spreads of about 6 to 8 dB in 
the TFS. Similar large spreads were found in the 
on-board and way side readings, with little apparent 
reason f o r the difference in on-board levels of 
tires (which were expected to be similar) and with 
equally unexpected reversal of the noise rankings. 
Many hypotheses were explored, from the effect of 
strong directionality patterns to the special tough
ness (hardness) of some of the rubber compositions. 

Later Measurement Results 

During winter 1983 and early spring 1983-1984, the 
tires were all stored in a truck where they e xperi
enced many significant changes in temperature and 
humidity. (This was in contrast to spring 1983 when 
excess tires filled the laboratory to the point of 
impassibility.) As soon as the spring rains eased, 
the investigation proceeded on the effect of tire 
noise directionality by repeating the automobile 
tire on-board/wayside test procedure but with the 
microphone in three different positions: succes
sively behind the tire (as before), at 45 degrees 
(halfway between the wheel axis and the previou s 
trailing position), and at the 90-degree position on 
the wheel axis. 

It was somewhat surprising to find that the on
board microphone readings changed with angular posi
tion by at most 3 dBA (see Figure Sc). Also, it was 
puzzling to find that the TFs for each of the micro
phone positions now formed a tight (1 dBA) cluster 
at a value identical to that of the tire that had 
previously been considered to be mos t questionable. 
Upon investigation, it was found that the tire set 
in question had been the only one purchased locally; 
its wrapping was old and faded, and its apparent 
initial age and exposure contrasted dramatically 
with those of the other tires that had arrived hot 
from the manufacturers' baking ovens. (The s trong 
odor of rubber had been evident to anyone passing 
near the laboratory.) 

Conversations with polymer chemists and polymer 
engineers at the Polytechnic Institute of New York 
and then with people at tire companies verified the 
hypothesis that aging for 1 year would produce large 
changes in the physical properties of rubber tires, 
and, indeed, that some operators of heavy equipment 
regularly aged their off-the-road tires to toughen 
them for the hard usage that was anticipated. 

Examination of the data for both periods revealed 
that the change in the TFs was due to a change in 
the on-board A-weighted level with relatively small 
(less than 2 dBA) changes in the wayside A-weighted 
level, as can be seen in Table 1. (Note that all of 
the runs shown in Table 1 were tested on the pave
ment type P2, dense graded asphalt overlay.) Further
more, a general clockwise rotation of the spectral 
curve about the middle of the range (1,000 Hz) was 
observed having the effect of increasing the low 
frequencies, decreasing the high frequencies, and 
leaving the A-weighted sum relatively unaffected. 
Figure 9 shows a typical example of this behavior. 

The new A-weighted wayside and TF values for the 
automobile and van tires tested are given in Table 2. 

Transfer Functions 

A partial summary of the results to date of TFs for 
various tire types and several pavements is given in 
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FIGURE 8 On-board/wayside measurements taken with 
on-board microphone at varying angles. 

TABLE l Summary of Observed Wayside and On-Board Levels 
for 1983 Measurements versus 1984 Measurements at 55 mph 
Coast by 

1983 1984 

Tire Type Wayside On Board Wayside On Board 

Bias rib 70.9 97.I 72. l 102.8 
Bias mud and snow 73.3 96 .5 74.6 104.2 
All weather radial 69.6 93.7 71.3 100.9 
Radial rib 70.4 96 . 1 69.6 98.6 
Radial mud and snow 69.4 95.0 70.4 100.6 
Radial rib 70.1 JOO.I 70. l 100.1 

Table 2. Note that for each vehicle class there is a 
well-defined range of ·1·~·s that vary only slightly 
from pavement to pavement. 

However, there is a significant variation of the 
TF from one vehicle class to another. The largest 
values are found for automobiles; values for vans 
rank next and those for trucks are lowest. These 
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automobile tire noise levPls. 

TABLE 2 Summary of Typical 
Transfer Functions 

Tire Type 

Automobile 

Bias rib 
Bias mud and snow 
All weather radial 
Radial rib 
Radial mud and snow 
Radial mud and snow 
Radial rib 

Van 

Bias mud and snow 
Bias rib 
Bias rib 
Radial rib 

Transfer 
Function 

30.8 
29.7 
29.4 
29.0 
30.2 
29.3 
30.0 

25.3 
25.5 
24.6 
24.5 

differences appear reasonable for the following 
reasons: 

• The fractional contribution of the on-board 
measured tire to the total level measured at the 
wayside decreases for the van and truck because of 
the increased visibility of the tires on the opposite 
side of the vehicle. 

• In addition to the effect of increased visi
bility, the truck also has more tires. 

• To maintain reasonable and safe geometric 
configuration of the microphone and tire , the dis
tance from the microphone to the tire patch trailing 
edge increases from automobile to van to truck. 
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Note that the full range of available automobile 
tires were tested on one of the test pavements to be 
absolutely certain of the validity of the bounded TF 
results. 

'l'o further validate the cunclusions of tightly 
bounded variation, a subset of pavements and tires 
was chosen to represent the available range of pave
ments and tires. This need for limiting the number 
of tire-pavement cases was a consequence of the 
inability of using the initial, extensive measure
ments from the uncured tires. The overall reliability 
of these TFs is confirmed by the inner consistency 
of the data. 

~'urther reason for confideuce in the data is the 
reproducibility of the individual on-board and way
side data from which the TFs are deduced. Typical 
data outputs are given in Tables 3, 4, and 5 for 
on-board, wayside, and transfer function levels, 
respectively. These tables are for a series of pass
bys and coastbys of a single tire-pavement combina
tion at two speeds. Data are output in third octave 
bands as well as A-weighted levels. Note that the 
variations from run to run are very small. 

Use of TFs 

One of the important applications of the foregoing 
results is the remarkable facility with which it is 
possible to make reliable wayside predictions for 
various tire-pavement combinations by using the 
on-board over-the-road measurement system. In con
nection with the research effort, it was possible to 
collect an extensive tire-pavement:. noise data base. 
Table 6 shows a typical sampling from that data base 
for a subset of the tires and pavements measured. It 
can be seen in the table that there is a range of 
about 6 to 8 dBA from the quietest to the loudest 
combinations encountered. such a data base would be 
of value for predicting the tire-pavement noise 
component to be anticipat.Pn by the particular mix in 
a given region and for assessing reasonable pavement 
choices. 

CONCLUSIONS 

The following conclusions can be drawn from the 
foregoing discussion: 

1. Wayside computerized data acquisition allows 
great flexibility in application of and in choosing 
varieties of data interpretation. 

2. On-board methods allow acquisition of tire
pavement noise data bases at minimal cost. 

3. TFs were found to be unique for each vehicle 
type and are the1 e[u1e dppropi: iate for measurement 
programs. Reliability is equivalent to that of 
existing standard wayside measurement methods as 
ordinarily employed. 
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TABLE 3 Summaries of Multiple Data Runs for On-Board Levels 

Test Run No. (dB) 
1/3 Octave Avg of 
Band CC2 CC3 CC4 CC5 Test Run s Sigma 

200 HZ 86.7 87.9 87.3 87.4 87.3 .43 
250 HZ 85.4 85.6 85.6 85.9 85.6 . 18 
315 HZ 85.7 86 86.9 86.4 86.3 .45 
400 HZ 85.2 86.2 85 .2 84.9 85.4 .49 
SOO HZ 88.4 88.5 88.1 88.7 88.4 .22 
630 HZ 94.1 94.8 94.2 93.9 94.3 .34 
BOO HZ 92 91. 7 91.7 91.2 91.7 .29 
I K 92.2 92.5 91.9 92.4 92.3 .23 
1.25 K 98 97.7 98.2 98.2 98 .2 
1.6 K 97.7 97.5 97.9 97.3 97.6 .22 
2K 95.4 94.8 95.6 94.7 95 . I .38 
2.5 K 90.4 90.5 90.8 90.4 90.S .16 
3.15 K 86.5 86.4 86.5 86.4 86,5 .05 
4K 81.8 81.6 81.7 81.6 81.7 .08 
SK 76.5 76.3 76.5 76.3 76.4 . I 
6.3 K 72.9 72.8 72.9 72.9 72.9 .04 
A-W* 104.3 104.1 104.4 104.J 104.2 . 13 

Note: Test runs wcirc niade on May 9, 1984, using vehicles with tire types 1 (bias rib) and 2 (bias 
mud and snow). Vehkl~ were travelling at 55 mph. 

TABLE4 Summaries of Multiple Data Runs for Wayside Levels 

Test Run No. (dB) 
1/3 Octave Avg of 
Band CC2 CC3 CC4 CC5 Test Runs Sigma 

200 HZ 63.2 62.5 63.6 62.6 63 .45 
250 HZ 62.6 62.2 62.7 61.9 62.4 .32 
315 HZ 60.6 61.1 60.6 60 60.6 .39 
400HZ 57 .8 57.6 57 . I 57. 5 57.5 .25 
500 HZ 59.2 58.4 59.6 59.3 59.1 .44 
630 HZ 64.2 63.7 64.7 63.9 64.1 .38 
800 HZ 6S.2 65.3 6S.2 64.9 65.2 . IS 
I K 65.4 65.7 6S .2 6S.2 65.4 .2 
1.2S K 68 67.7 67.8 67.6 67.8 . lS 
1.6 K 67.3 66.8 67 66.7 67 .23 
2K 63.3 63.2 63.6 63.3 63.4 . lS 
2.5 K 60.7 60.8 60.8 60.4 60.7 . 16 
3,IS K S8.2 S7.8 58.1 57.8 58 .18 
4K 5S.9 S4.4 S5.4 55.3 S5.3 .S4 
SK 53.9 S2.4 S3.4 S3.I S3.2 .S4 
6.3 K S l.6 S0.2 51.1 50.7 S0.9 .5 I 
A-W* 74.7 74.5 74.6 74.4 74.6 .II 

Note: Test runs were made on May 9, 1984, uJlng vehicles with tire types 1 (bias rib) and 2 (bias 
mud and snow). Vehicles were travelling at SS mph. 

TABLE 5 Summaries of Multiple Data Runs for Transfer Function Levels 

Test Run No. (dB) 
1/3 Octave Avg of 
Band CC2 CC3 CC4 ccs Test Runs Sigma 

200HZ 23.S 2S.4 23.7 24.8 24.4 .78 
2SO HZ 22.8 23.4 22.9 24 23.3 .48 
31S HZ 2S. I 24.9 26.3 26.4 2S.7 .68 
400HZ 27.4 28.6 28.1 27.4 27.9 .SI 
SOO HZ 29.2 30.1 28.S 29.4 29.3 .S7 
630 HZ 29.9 31.1 29.S 30 30.1 .S9 
800 HZ 26.8 26.4 26.S 26.3 26.5 . 19 
IK 26.8 26.8 26.7 27.2 26.9 . 19 
1.2S K 30 30 30.4 30.6 30.2 .26 
1.6 K 30.4 30.7 30.9 30.6 30.7 . 18 
2K 32.l 31.6 32 31.4 31.8 .29 
2.S K 29.7 29.7 30 30 29.9 .15 
3.15 K 28.3 28.6 28.4 28.6 28.S .13 
4K 2S.9 27.2 26.3 26.3 26.4 .48 
SK 22.6 23.9 23.1 23.2 23.2 .46 
6.3 K 21.3 22.6 21.8 22.2 22 .48 
A-W* 29.6 29.6 29.8 29.7 29.7 .08 

Note: Test runs were made on May 91 1984. using vehicles with tire types I (bias rib) and 2 (bias 
mud and snow). Vehicles were travelling at 5 5 mph. 
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TABLE 6 Typical On-Board Noise Levels (dBA) for Various 
Tire-Pavement Combinations 

Pavement Types 

Pl P2 P3 P4 
Tire Type (PCC) (DG A) (DGAO) (OG A) 

Bias 1ib 102.9 99.9 99.3 98.4 
Bias m ud and snow 102.4 10 1.4 100.6 10 1.9 
All weather radial 100 .6 98.8 98.9 96.9 
Radial rib 101.4 98.9 99.7 97 .4 
Ra dial mud and snow 100.7 100.4 100.9 99 .4 
Rarlial rih 100.4 98.7 99 .4 97 .9 
Bias mud and snow 97 . 1 95 .6 96 .4 95 .1 
Bias rib 98.0 95.8 96.2 94.6 
Bias ri b 95.4 95.5 94 .4 94.0 
Radial rib 99 .2 95 .4 96.4 94.4 

No te: l'(.' (.' == port land cement co nc,.ete, OGA = dens~ grade ll asphall , DC AO ;;; 
dense grntfod n~s1 hn lt ove rlay, and OGA = open crndud as phalt. 
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