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with 2.1 and Measured Data
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TrafficNoissModel Version 2.5 (TNM 2.5) will soon betheofficial traf-
fic noise model required by the FHWA for federally funded projects.
TNM wasupdated from Version 2.1to 2.5 to addresstwo major issues:
theoverprediction found in the previousversion of TNM and an anomaly
related to diffraction points. This research focused on comparing the
TNM 2.5predicted resultswith TNM 2.1 predicted valuesand with mea-
sured datafrom 18barrier locationsin Florida. M atched pair sof predicted
and measur ed differences between the data for TNM 2.5and TNM 2.1
wer e evaluated and a direct comparison of the two models was made.
This research demonstrated that the predicted results from TNM 2.5
had an averageerror for all 18 barrier locations of lessthan 1 dB. How-
ever, when each of the sitesis evaluated individually, TNM 2.5 has a
tendency to underpredict slightly at many of the evaluated barrier
locations. Finally, TNM 2.5-predicted resultstend to be about 3 dB(A)
on average less than TNM 2.1 at a defined reference measurement
position, which isrelatively unaffected by ground effectsor diffraction,
and about 1 dB less at microphone positions behind evaluated barriers
when compared with TNM 2.1.

This paper details the work of evaluating the newly released ver-
sion of Traffic Noise Model Version 2.5 (TNM 2.5) (1). TNM 2.5
was revised to address two major issues: the overprediction found
in TNM 2.1 (2) and correction of an anomaly in prediction related
todiffraction points (3). TNM 2.5, TNM 2.1, and measured values
were directly compared for 18 barrier locations where data had
been previously taken and evaluated at multiple positions (4). This
allowed an assessment of the change in TNM from the previous
version and an evaluation of accuracy of TNM 2.5 when compared
with quality-controlled, carefully collected measurement data.

Because TNM 2.5 may read input files created for TNM 2.1, the
same input files were used during the execution of each model,
allowing adirect comparison of the two models. In turn, the results
of both versions were compared with measured data. All FHWA re-
quirements for average pavement type, temperature, humidity, and
so forth werefollowed. Predictive results were tabulated, allowing a
direct comparison at each measurement position and each barrier
location.

The data were collected as part of an in situ barrier insertion loss
project sponsored by the Florida Department of Transportation, from
January 1999 until May 2002 (5). A mobile noise laboratory was
used to collect sound level data. The mobile laboratory allows use
of amicrophone array above [as high as 8.84 m (29 ft)] and behind
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[capable of 152.4-m (500-ft) distances] the barrier to measure exist-
ing sound levels. M easurements were conducted with careful regard
to published proceduresby FHWA (6), the American National Stan-
dards Institute (ANSI S12.8-1998), and the International Organiza-
tionfor Standardization [1SO 10847:1997(F)]. Microphone positions
above and behind the barrier followed the indirect barrier insertion
loss method (ANSI S12.8-1998). Detailed procedures were previ-
ously reported by Wayson et a. (7), and the interested reader is
directed to that paper. Only those detail s necessary to understand the
work are included in this paper.

Table 1 presents adescription of each barrier location analyzed in
theFloridaproject. Thetableincludesthe barrier locationsin Florida,
the primary roadway source, and the effective height of the barrier
evaluated. The effective height isthe height of the top of thewall rel-
ative to the receiver ground plane behind the wall. Any elevation
increase dueto bermsor ground elevationsisincluded in the effective
height.

Sound levelswere recorded at multiple microphone positions be-
hind each barrier varying in distance behind the barrier and height
above the ground plane. Typically, 12 measurement positions were
used at each site, although more were used when possible. These
positions included eight Ivies IE30A ¥:-octave band analyzers and
four Metrosonic dB308 overall sound level analyzers (used to mea-
sure broadband A-weighted sound levels). Figure 1 presents a typi-
cal monitoring array of microphones used at each position. Distances
beyond 30 m were difficult because existing homes prevented clear
lines of sight over an extended angle to the barrier. The 12 typical
microphone positions for al locations were the same except when
power linesor other obstaclesinhibited tower placement. In Figure 1,
Positions 1 through 8 were measured using the ¥%:-octave band ana-
lyzers and positions labeled A thru D were measured with the ana-
lyzersusing the A-weighting scheme. Multiple heightsand distances
behind the barrierswere achieved by using portable towers. It should
be noted that microphone Positions 1 and 4 are the same as micro-
phone Positions B and D. This was done intentionally for quality-
control purposes. Moreover, microphone Positions 7 and 8 areaways
reference microphones and are dways placed 1.5 m (4.92 ft) directly
above the top of the noise barrier as prescribed in the ANSI standard
method. Two microphones help to avoid Murphy’ slaw and to ensure
a good reference measurement was taken. Where possible, due to
nearby obstructions, additional microphone positions were used.

RESULTS

Thisdiscussion isdivided into three parts. Discussed first isacom-
parison between predicted results from TNM 2.5 and TNM 2.1 to
measured data when compared with the reference measurement



150

TABLE 1 Measurement Site Summary

Site Major Source Effective Wall Height
A. Jacksonville 1-95 18.5ft. (5.6 m)
B. Jacksonville 1-295 13.5ft. (4.1 m)
C. Daytona Beach SR-5A 14.5ft. (4.4 m)
E. Brandon 1-75 41.0ft. (12.5m)
F. Clearwater SR-636 11.0ft. (3.4 m)
G. St. Petersburg SR-682 7.3ft. (22m)
H. Ft. Lauderdale 1-95 14.5ft. (4.4 m)
|. Deerfield Beach 1-95 13.1ft. (4.0m)
J. Miami 1-195 18.0ft. (5.5m)
K. Tamiami UsS-41 11.0ft. (3.4 m)
L. Hiaeah SR-924 25.3ft. (7.7m)
M. Wildwood SR-44 9.4ft. (29 m)
N. Maitland SR-414 11.6ft. (3.5m)
O. Ft. Lauderdale 1-95 14.5ft. (4.4 m)

(Site H Repeat)

P. Ft. Lauderdale 1-95 18.4ft. (5.6 m)
Q. West Pam Beach 1-95 19.3ft. (5.9 m)
R. Palm Harbor, Tampa SR-586 7.7ft. (2.3 m)
S. New Port Richey SR-54 11.0ft. (3.4 m)

position. This allowed an evaluation of the direct sound wave from
the highway with minimal ground or diffraction effects. The second
discussion focuses on comparisons between the predicted and mea-
sured valuesfor positionsbehind the barrier where diffractional effects
arethemajor factor. Finally, the differences between predicted results
from TNM 2.5 and TNM 2.1 arereviewed directly.
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FIGURE 1 Microphone positions.

When the measured reference microphone levels are compared
with the predictiveresultsfrom TNM 2.1 and TNM 2.5, animprove-
ment in the accuracy is generally shown for TNM 2.5. The values
found are presented in Tables 2 and 3. Figure 2 graphically shows
the predicted results to the measurements at the reference micro-
phone position. Thereis less than a 0.5-dB difference between the
resultsfrom TNM 2.5 and the measured data at barrier Locations B,
C,H,M, N, and S. TNM 2.5 outperformed TNM 2.1 when com-
pared with the measured data in most cases. When the results are
further reviewed, an interesting trend appears. Figure 3indicatesthe
positive or negative error between the predicted when compared
with the measured data at the reference microphone position. It can
be concluded that TNM 2.1 has atendency to overpredict, whereas

TABLE 2 Average Difference Between TNM 2.1 and Measured Data

Location Ref. 1 2 3 4 5 6 A C

A 16 -1.2 -0.7 -3.0 24 -1.8 -25 -1.9
B 3.0 -1.0 -12 29 -1.0 -0.5 5.0 -21 -0.3
Cc 1.0 25 25 23 16 22 17 0.9
E -0.3 -15 -11 -0.9 =17 -19 -0.8 0.9 -1.2
F 14 -0.6 2.6 0.3 0.1 25 16 0.7 -0.7
G 2.1 =31 -15 0.6 2.7 11 -35 -2.9
H 3.9 2.7 17 24 0.9 29 3.7 2.0 2.8
| 3.6 3.0 33 34 0.9 18 5.0 -11 12
J 0.3 2.1 -0.5 -0.1 -3.0 2.2 -2.3 -3.3 -25
K 15 -0.6 -0.3 31 2.0 23 4.0 0.6 -0.7
L 19 -0.4 17 -1.2 -0.9 -14 -1.4 -16
M 2.6 3.7 42 34 2.9 4.0 5.2 0.3 -0.9
N 19 -1.9 -0.8 0.5 -0.7 1.0 0.0 -1.9
O 3.6 2.8 2.0 16 18

P 2.6 0.6 12 2.0 21 3.0 0.1 0.9
Q 44 45 45 4.1 51 45 4.0 4.4 34
R 43 25 55 44 73 -22
S 3.7 =17 -04 16 -0.6 17 54 -0.1

Average 2.2 0.7 15 24 0.5 13 13 -0.1 -0.5
SD 17 2.3 25 29 2.3 2.2 2.0 21 18

Ref. = reference position.
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TABLE 3 Average Difference Between TNM 2.5 and Measured Data

Location Ref. 1 2 3 4 5 6 A C

A -16 -2.7 -21 -4.4 -39 -3.2 -4.0 -35
B 0.1 -2.2 -25 35 -24 -18 37 -35 -16
Cc -0.5 24 2.0 17 13 17 0.9 09
E -31 -3.0 -2.8 -2.3 -3.2 -35 -2.2 -04 -2.7
F -15 0.0 42 -04 0.2 31 0.7 -0.1 -0.1
G -39 -33 -19 0.6 -2.7 13 -37 -29
H 0.7 17 0.3 18 -0.6 11 37 0.3 14
| 0.5 43 31 25 05 0.8 48 -2.6 19
J -25 0.8 18 1.0 -0.5 -0.2 12 -1.8 0.4
K -15 -0.8 -0.9 23 1.0 16 24 -0.4 -1.7
L -1.1 -2.6 -13 -2.8 -2.3 -30 -32 -3.0
M -0.5 39 42 2.7 21 4.3 3.7 -0.7 -0.7
N -0.8 -2.9 -0.7 04 -1.6 0.2 -1.0 -2.8
o) 0.9 20 13 0.5 0.6

P -0.5 -04 0.3 1.0 0.8 16 -11 -0.3
Q 17 36 37 33 39 43 33 35 19
R 17 22 52 38 6.0 -2.6
S 0.2 -2.0 -0.8 11 -18 0.9 5.0 -15

Average -0.7 0.1 0.7 0.7 0.0 0.8 16 -1.1 -1.0
SD 15 2.6 25 23 21 27 29 19 19

Ref. = reference position.

TNM 2.5 tends to underpredict. Furthermore, as indicated in Fig-
ure 3, the overall error is significantly reduced in TNM 2.5 com-
pared with TNM 2.1.

Prediction behind the barrier isalso very important and was eval-
uated. The differences between predictions and measured data are
presented in Tables2 and 3. Table 4 presentsan overall average of al
locations by measurement position. On average, TNM 2.5 was more
accurate at all but one position. This exception was at measurement
Position 6, 6 m above the ground plane.

Two measurement positions behind the barrier were thought to be
more important, Positions 1 and 4. These were the positions |ocated
at thetypical modeling receiver height [ 1.5 m (5 ft) abovethe ground
plane], at distancestypicd of first and second row homes. Additionaly,
duplicate measurements allowed more quality control at these posi-
tions. Figures 4 and 5 show these individual comparisons. Again,
theseresultstend to indicate that TNM 2.5 is performing better than
TNM 2.1 when comparing predicted results with measured data at
Positions 1 and 4.
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FIGURE 2 Predicted and measured data at reference microphone.
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FIGURE 3 Differences between predicted and measured data at
reference microphone.

Figures 6 and 7 repeat the data presented in Figures4 and 5 for
measurement Positions 1 and 4, respectively, but show the error and
whether under- or overpredictions occurred. Again, TNM 2.5 per-
formed better in more cases, but the figuresindicate that the error is
more evenly split between under- and overprediction, which is dif-
ferent than at the reference location. The source codeisnot available
so the reason for this change in trends can only be guessed.

However, because of these variances, a direct comparison of the
predicted resultsfrom TNM 2.1 and TNM 2.5 isbeneficial. Table5
presentsthiscomparison. Predictionsof TNM 2.1 a thereference posi-
tion are greater than TNM 2.5 by an average of 2.8 dB(A). At mea-
surement Position 1, TNM 2.1 predictions are greater by an average
of 0.4 dB(A). At measurement Position 4, TNM 2.1 predictions are
0.7dB(A) greater on average. Ingeneral, behind the barrier, TNM 2.5
resultswereawayslower than TNM 2.1 by lessthan 1 dB(A). These
results, along with the other presented results behind the barrier, indi-
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TABLE 4 Summary of Average Error (Predicted — Measured)
for All Sites

Version Ref. 1 2 3 4 5 6
TNM2.1 2.2 0.7 15 24 0.5 1.3 1.3
TNM2.5 -0.7 0.1 0.7 0.7 0.0 0.8 16

Ref. = reference position.

cate that a change has occurred not only in the reference levels but
also in the propagation algorithms.

CONCLUSIONS

This research focused on evaluating TNM 2.5. Comparison of
TNM 2.5 with results predicted from TNM 2.1 and measured data
from 18 barrier locations was used in this evaluation. This allowed
a comparison with quality-controlled, measured data and a direct
comparison between TNM 2.5 and TNM 2.1.

Thisresearch demonstrated that TNM 2.5 resultsfor thereference
microphone positionsare lower than resultsfrom previousversionsby
almost 3dB(A) and moreclosely follow measured results. Thisaffirms
that the improvement made to the vehicle emission database in the
newly released TNM 2.5 hasimproved the reference emission levels.
Additionally, the error due to the difference between predicted and
measured datafor measurement positions behind the barrier are better
on average and at more measurement positionsfor TNM 2.5 than for
TNM 2.1. It d so appearsthat revisionsto the propagation al gorithms
have occurred when comparing TNM 2.5 with TNM 2.1.

Underprediction was shown for several positions and this means
that greater care must be used when applying the results during
barrier design. Previously, the conservatism in models that were
used allowed for some error during the analysis without resultingin
problems after barrier installation. Thisno longer appearsto betrue
and the analyst must carefully consider this greater accuracy during
project work.
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FIGURE 4 Predicted and measured data at Microphone Position 1.
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TABLE 5 Average Difference Between TNM 2.5 and TNM 2.1

Location Ref. 1 2 3 4 5 6 A C

A 31 15 14 14 15 14 15 15
B 2.9 12 13 -0.6 14 13 13 14 14
C 16 0.0 0.6 05 0.4 0.5 0.8 0.0
E 2.8 15 17 15 15 16 15 13 15
F 2.9 -0.6 -16 0.7 -0.1 -0.6 10 0.7 -0.6
G 18 0.2 0.4 0.0 -0.1 -0.1 0.2 0.0
H 32 1.0 14 0.6 1.6 18 0.0 16 14
| 31 -13 0.2 10 0.4 10 0.2 1.6 -0.8
J 2.8 -2.9 -2.3 -11 -25 -2.0 -35 -15 -2.9
K 3.0 0.3 0.6 0.8 0.9 0.7 16 1.0 10
L 3.0 22 3.0 17 14 16 19 14
M 31 -0.2 0.1 0.7 0.8 -0.3 15 1.0 -0.2
N 2.7 1.0 -0.1 0.1 0.9 0.8 11 0.9
@) 2.7 0.9 0.7 11 13

P 31 1.0 0.9 11 13 15 12 12
Q 2.7 13 0.2 0.8 1.0 0.8 0.8 0.9 16
R 2.6 0.3 0.3 0.7 14 0.4
S 35 0.4 0.4 05 12 0.7 0.4 14

Average 2.8 0.4 0.5 0.6 0.7 0.7 0.7 0.9 0.5
SD 0.5 12 12 0.7 0.9 10 14 0.8 12

Ref. = reference position.

Finally, work on using proper pavement type and atmospheric
input must be continued. This undoubtedly led to some error during
the comparisons.
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