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INTRODUCI‘ICX‘I

Several alternative traffic pattern changes were proposed to reroute
downtown traffic in Denver, Colorado. The purpose of the changes
was to improve the envth and atmosphere for shoppers in the
central business district and to attatpt to reverse the trend of the
inner city flight to surburban shopping malls. A large number of
retail businesses were economically threatened and failure of mew
meant certain urban decay. The noise impact of each option was
considered important among other environmental factors in the
overall decision to change traffic patterns.

EXISI‘ING NOISE LEVELS

A Ice-cost noise study of the central business district was
perfomed to establish the existing sidewalk noise level exposures
due totraffic and to calibrate a traffic noise model for prediction
of sidewalk noise for any future changes in traffic volume and mix.

'lhe study began with a two hour survey in which three-minute, analog
tape "minisamples" were taken at ten locations over a two mile route
at selected sidewalk sites. Fran this small sample. estimates of
Leg. standard deviation of the leg, background levels, dynamic
range, and the periodic nature of the levels and traffic volume were
determined.

A subsequent spatial sampling study indicated that for an overall
accuracy of 1 2 dan in the daily leg at a confidence level of 90%
that the study would have to sample at least twenty four locations
for the spatial standard deviation of 6 dm as determined fruu the
two hoursurvey. (Later when all data were in, the standard devia-
tion was ocmputed tobe 4 63A.) The twenty—four locations were
scattered t‘ruoughwt the one square mile area.
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A taporal sampling study revealed that for an aocuraq' of t 2 dBA
" with 90% confidence in the daily Leq that twenty-four independent

samples per day would have to be taken. This number was reduced to
six sanples per day since the traffic volume and conccmitant noise
levels had a known diurnal variation. The length of each sanple was
taken to be three minutes in length. This assured at least two
qcles of traffic volune flow for each sample since the cycle time
of traffic lights ranged frcm 1-1.5 minutes.

All samples were recorded using only two stations, hand—carried by
. three shifts of two people. A 'lype II sound level meter and a
direct, battery-powered, analog tape recorder were used for each
station. Each operator sampled twelve locations on a "walk around"
circuit which encanpassed two miles on a three-hour cycle. At each
location a three-nulnute, A—weighted sample was recorded. This
three-hour cycle permitted ample time for rest and other human needs,
for calibration and change of analog tape, for changes of operators.
and for acquisition of data. Data were acquired during me hours of
0600 until 2400 for two representative weekdays and one weekend day.

Data tapes of the 372 three-minute samples were shipped to Dallas,
'nexas to our noise control laboratory at Southern Methodist Univer-
sity for analysis. Tape analysis was performed usinga noise level
statistical analyzer. The analyzer consists of a log voltmeter
converter, an A/D converter, and a Wang programnable calculator with
data interface. This systan sampled tape levels at a rate of ten
per second for a dynamic range of 60 den at an accurancy of 2 0.5
dBA. mtput statistics were Leg. standard deviation of ii“. and
sevenpercentilelevelsL,L,L,L, ,L,an .
During the playback of the‘tapeé thrloggh 3e fiafiyzeg? the ana t
was able to listen to the character of the source field. On several
occasions data samples were rejected and reordered when it was
determined by the analyst that the noise was not by traffic but by
construction or by human conversation.

The mini’sample statistical data were ccmbined and averaged spatially
and temporally to determine daily leg and spatial averaged leg. A
correction factor was incorporated frcm the kmwn diurnal traffic
variation to “fill in" the missing data fran the hours 0000 to 0600.
The results shaded a spatial averaged daily leg of 70 dBA (L = 71
dBA) with a standard deviation of 3.7 dBA for the'two week 5 and
an leg of 68 dun (L = 69 am) with a standard deviation of 3.6 63A
for the veekend day.an

TRAFFIC WISE MEL.

A traffic noise nodal was developed to predict the future sidewalk
noise levels (Leg) at the various street locations of interest. It
was necessary to assess the noise inpact due to several different
proposed radical changes in traffic circulation. Traffic volumes
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here to be increased dramatically on sane streets and decreased
substantially on the shopping mall streets. ’ In addition, increased
traffic volume due tonormal gmth had to be considered.

The noise mdel which was found to predict the existing levels at

each location includes the following observed facts:

1. The daily leg depends primarily on the average daily traffic

volume on each street.‘ The volume erbodies both the number of
vehicles and the average speed.

2. The daily leg depends on the average mix- of autancbiles, busses,

and large trucks and that the larger source levels of the trucks and

busses are equivalent to ten times that number in autuncbiles.

3. The daily leg depends on the distance frun the "equivalent lane"

to the sidewalk receiver. Level drops 3 dBA per distance doubling

(line source) .

4. The daily qu depends on street grade.

5. The daily leg at midblock locations depends on a "cavern" or

reverberation effect created by multistory buildings which line the
street.

6. The daily Leg depends on whether or not there is a near bus lane

on that' particular street. '

7. The daily Leq does fl depend on traffic volumes on other streets

because of barrier shielding effects by the multiser buildings

(except at intersections).

8. The daily leg atintersections is primarily determined by the two

traffic volunes.

9. The daily leg is not dependent an acceleration and speed but on
vclmre.

The nodel which was found to correlate well with existing volumes and
daily Leg levels is ‘

Leq=24+1010gv+1010g [1+9 (fT+fB))

- 10 log (cl/50) + G + C1 + C2 (1)

where V is the average daily traffic volume in vehicles per day; f .

and f are the fractions of large trucks andbusses respectively;

is t??? distance to the "equivalent lane” in feet; G is grade
expressed in percent; C is a + 2 dBA correction factor for "cavern
effect" for streets lin with multistorybuildings; and C is a + 3
dEA corrections whenever a his lane is next to the sidewalk2 cbserver.

Table 1 below shows a cmparison of measured leg values to calculated
values. At all sites the worst agreetent found was 2 ZdBA and for
nost sites an agreement of 2 Ida; or better was achieved.
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Table 1. Deg — masked V. Calwlated

 

Site No. v D 6 c1 c2 Leq kale.) Leq (neasJ

4 22,400 25 o o 3 71 71
5 11,500 25 o 2 a ea 67

11 7,000 25 u 2 o 55 e4
13 15,100 25 o 2 3 72 71

The nodal formula was then used to predictthe leg values along each
street corridor for the projected charges in traffic volune for each
proposed change option and for projected traffic increases up to the
year 2000. These levels were thm compared to existing criteria.
level maps showing the streets on which the sidewalk levels (leg)
exceeded 70 GM were prepared. Data maps and.criteria were then used
as input into the decisim making process along with other environ-
mental paranetric studies.

WWW

0n the basis of this study and others involving other mviromental
parameters a decision was made in with all autambile and truck
traffic was eliminated on two major streets. This created a
“slopth mall" effect. (I! last check, it was learned that the plan
was going well.

 


