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Stop and Go Urban Intersection Noise 
SIMON SLUTSKY, WILLIAM R. McSHANE,JOSE M. ULERIO, Sl!UNG HWAN LEE, AND PHILIP J. GREALY 

A summary of a procedure to predict stop and go urban intersection noise is 
presented. A computer program that takes into account the effects of urban 
building structures on multiple reflection and diffuse scattering; vehicle types, 
mixes, and traffic signalization on microscopic traffic flow behavior; and ve
hicle acceleration as well as speed and type of vehicle source strength is de
scribed. The concepts used in the acoustic model are summarized, and the 
principal simplifying assumptions in the numerical treatment are noted. The 
large number of options of street geometry caused by the presence or absence 
of building walls on any of the eight possible wall locations resulted in con
siderable program complexity, which was resolved by careful program struc
ture and logic. A typical computer input-output is presented, and some pre
liminary results for a single vehicle passby are presented. 

Past research studies and development efforts re
lated to noise from vehicular traffic streams have 
primarily focused on models to predict noise impacts 
from high constant-speed highways, in which the site 
geometry is either natural terrain or terrain modi
fied by acoustic barrier structures. Few studies 
have examined the generation and propagation of 
traffic noise in urban environments or dealt with 
the impact of noise from stop-and-go traffic. The 
objective of this study is to develop a prediction 
model for traffic noise generated by stop-and-go 
traffic in an urban environment. 

PREVIOUS WORK 

The literature pertaining to the numerical treatment 
of acoustic propagation of sound in the presence of 
tall buildings lining acoustic corridors is rela
tively sparse, considering its environmental impor
tance. The literature is sparse hecause of the 
mathematical intransigence of the acoustic wave 
equation when any realism of boundary conditions is 
attempted. Nevertheless, some important studies 
have been performed, and the following conclusions 
have been reached: 

1. Use of geometric acoustics ( ray theory) is 
justified, provided absorption and diffuse scatter
ing effects are included (_!-j); 

2. Trapping of energy in the vicinity of the 
source can be significant for large wall scattering 
(_~); and 

3. Large noise reductions are encountered when 
sound propagates around a corner, and smaller reduc
tions occur on crossing a street. 

The most useful vehicular noise emissions data 
(for purposes of this study) were reported by Hill
quist and Scott (.£) and by Jones and Hothersall 
(2). The former revealed that full-throttle exhaust 
noise at low speeds is 15 to 20 dB more than that of 
the steady (cruise) condition. Also, the low-speed, 
full-throttle speed-noise level has a slope corre
sponding to 10 logV rather than 30 logV. Other in
vestigators model the low speed-noise level as con
stant up to a lower limit for cruise behavior. 

Jones and Hothersall established regression sur
faces of sound pressure level (SPL) versus speed and 
acceleration for two vehicle classes (light and 
heavy). This wnrk is ideal for purposes of this 
study, except that it does not distinguish suffi
ciently between vehicle types, and the confidence 
bands of the data are rather wide. Use of simula
tion techniques for steady-flow traffic noise model
ing dates back to NCHRP Report 78 (~). 

Favre (_'!_) presents a simulation model for un-

steady-flow traffic in which the traffic is for a 
one-way single lane of vehicles, no overtaking, no 
obstacles (pedestrians, parked vehicles), and the 
only traffic restraint is that due to consecutive 
vehicle interaction in response to a traffic 
light(s). The acoustic medium is assumed free 
space. The vehicle is defined by its position and 
the velocity of the vehicle in front. The noise 
emitted by a vehicle (assumed omnidirectional) de
pends on its class, velocity, and acceleration. 
There are two classes of vehicles: heavy and 
light. For heavy vehicles, the noise-emission cor
relations reflect only velocity, not acceleration. 

Favre finds excellent agreement in the character 
of the measured data at an intersection and the cor
responding simulated results. This agreement ex
tends to the appearance of the acoustic amplitude 
pulsations that develop and to the noise statistics 
(L1, L10• Lgo , Leq• and speed). 

Favre notes the lack of a data base on heavy ve
hicles and buses and the· limitations that this 
places on his traffic simulation model. 

Related studies by Diggory and Oakes (lQ_) de
scribe departures from free-flow traffic in the 
neighborhood of traffic circles. Noise is speed de
pendent; arrival times are defined by a random dis
tribution function; and velocity is dependent only 
on position along the traffic circle. No queue for
mation is considered. Results of experiments were 
in satisfactory agreement with predictions. 

Jones and Hothersall (11) use their sound level 
versus velocity and acceleration regressions (2) to 
develop a simulation for flow at traffic circles. 
Differences between measured and predicted values 
were noted and explained in terms of (a) queuing not 
considered, (b) ground absorption not considered, 
and (c) need for greater number of vehicle classes. 

NETSIM (network simulation) is a microscopic 
traffic simulation model that was initially devel
oped in connection with the FHWA urban traffic con
trol system (UTCS) demonstration project. In the 
present context, NETSIM has the following distinct 
advantages: 

1. It is a microscopic traffic model that is 
supported and promulgated by FHWA; 

2. Of all traffic models, it has gained the most 
acceptance in the traffic engineering community and 
has been used by a wide variety of interested 
parties; 

3. It is available in both full-network and 
single-intersection versions, with lower core re
quirements in the latter case; 

4. It currently has data bases that allow esti
mates of air pollutant emissions and energy consump
tion as routine outputs; as such, the addition of 
noise-level estimates is a logical extension, which 
further supports this FHWA tool; 

5. It has been well validated in 
applications, and it has an associated 
and 

its previous 
credibility; 

6. It provides vehicle position and other char
acteristics that are consistent with the framework 
of the noise-emissions data base as defined in the 
contract. 

The single-intersection version of NETSIM was re
worked as part of this current effort, and its out-
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put files were made compatible with the needs of the 
noise computations program. 

ACOUSTIC AND ANALYTIC PREMISES 

In order to cope reasonably with complex geometry 
and acoustics, the following approach was taken and 
approximations made: 

1. Geometric acoustics were assumed valid for 
the description and quantification of all direct and 
specularly reflected paths; 

?, No s~~ttPring of ray paths around corners was 
considered; and 

3. Diffuse scattering was approximated by a pair 
of diffuse energy-flow equations expressing a bal
ance between upstreet and downstreet flow, absorp
tion, and partial reemission at the walls i loss up 
the top of the street; and with source energy sup
plied by the sidewall acoustic illumination in
tensity. 

REFLECTION FIELD 

For parallel walled streets, the assumption of geo
metric acoustics makes possible the use of the 
method of images. Thus the various path ms pressure 
contributions for the SQurce (of strength W) and re
ceiver of Figure 1 can be expressed by 

<p2 >/pcW=(l/2rr) i (Rlnl/L~) (I) 
n= -°" 

where Ln is the length of the nth virtual ray path 
and R is the wall reflection coefficient. (Source 
doubling because of reflective pavement is assumed.) 

For source and receiver in the middle of the 
street of width D and longitudinal separation Z, 

<p2 >/pcW=(l/2rrZ 2)+(!/:r); [Rn/(Z2 +n2 0 2
)] (?) 

n=l 

This series is unsatisfactorily convergent, but 
for values of Z/D that are not too small, the series 
can be represented by an integral: 

(<p2 >/pcW)'ce (1/rrZD)J- exp[-('yZ/D)11] [d11/(l +112 )];'Y=-£nR (3) 
0 

This equation describes field behavior quite well. 
Nevertheless, source and receiver separations are 

unsatisfactory in an urban environment; thus the 
procedure is to model the direct and first retlec
tion paths exactly, approximate the higher-order re
flections by an integral, and base that integral on 
source and receiver positions in the middle of the 
street (Figure 2). 

The result is a technique whereby the integrals 
can be stored in the program as tables (computed 
only once), and the three discrete paths are repre-

Figure 1. Ray path between 
receiver and virtual sources. 
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Figure 2. Treatment of 
higher-order reflection by 
integration. 

Transportation Research Record 937 

I/INTEGRAL APPROX. 

¥'m & 

1 '<>' • ,, • •>" '""" ' '"'' ' '""''I t +int,g<al 

Figure 3. Treatment of contributions crossing an intersection. 
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sented by three simple inverse square subroutine 
terms. An analysis of the errors encountered in the 
various simplifications was made, and the errors 
were found to be quite negligible (a few percent). 

It is unfortunate that the conceptual simplicity 
ends at this point and complications begin to pro
liferate. The first complication arises when the 
source and sink are on opposite sides of a cross 
street (Fi gure 3) • Thus certain paths cannot cross 
the street, but are reflected into the side 
streets. Both discrete paths and integral must be 
modified by using blocking factors that characterize 
the zones of silence. The blocking factor is iden
tically zero (no transmission) if the ray slope ex
ceeds a limit equal to the diagonal slope across the 
intersection. For the integral, this slope is re
flected in the limits of the integral and eliminates 
the infinite limit. 

The situation is complicated further when the 
source and receiver are on adjacent cross streets. 
The graphical representation of ray paths between 
source and receiver requires the use of both virtual 
sources and images (Figure 4). Thus path 2-1 be
tween virtual source 2 and virtual receiver 1 is 
possible as is path 1-2, but path 1-1 is marginal 
and path 1-0 is blocked. It is seen that each vir
tual receiver has a finite aperture from within 
which real or virtual sources may make contribu
tions. The computational procedure in the program 
was to treat exactly the direct path and first re
flection paths and then approximate the higher-order 
reflections by using the aperture restrictions in 
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Figure 4. Treatment of contributions going around a corner. 
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each case. The computed behavior exhibited for var
ious source and receiver positions is extremely com
plex, as discussed in the following paragraphs. 

The propagation characteristics of sources lo
cated in the intersection are similar to those of 
the (longitudinal) street crossing configuration. 
The principal difference, however, is that vehicle 
positions are not confined to a few traffic lanes, 
but may occupy any point of the area. 

Thus the analyst is faced with a difficulty that, 
from a computer· programming point of view, is per
haps more troublesome than any of the difficulties 
oreviously noted. That is, the streets need not 
~ach have two sidewalls, but rather, each street of 
any urban intersection may have two, one, or zero 
walls, and the one wall can be on either side. 
Thus, in specifying the propagation across the 
street or longitudinally, a choice must be made from 
among 16 acoustic configurations, with 16 corre
sponding computational programming variants. For 
propagation from the intersection, four variants are 
required, as is the case for sources on the same 
street. Theoretically, (3 x 16) + (2 x 4) = 56 sub
programs need to be created to satisfy all configu
ration requirements. Fortunately, a number of sub
programs are appropriate for more than one wall 
combination. Furthermore, the higher-order reflec
tion tables are relevant only for the case l streets 
(walls on both sides), and here again some of the 
tables can be relevant in two configurations. 
Nevertheless, the analyst is still left with a 
fairly complex logic problem; i.e., to choose and 
generate all of the tables relevant for the inter
section, and to choose the appropriate subprograms. 
These problems were solved by paying special atten
tion to program control structure. 

DIFFUSION FIELD 

On double-walled streets the treatment of diffusion 
begins by using the approach taken by Davies (1). 
The diffusion field is assumed to consist of two 
power fluxes (P+ and p-) directed dowl)street ;,nd 
upstreet, respectively, and each is thought of as 
the resultant of omnidirectional intensity fields 
( integrated over the respective half spheres). An 
energy balance equation is established over the sur
faces bounded by two parallel planes cutting the 
street at adjacent longitudinal position coordinates 
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Figure 5. View looking into a walled street. 

Zand Z + DZ, and by the planes defined by the side
walls, the pavement, and the roof (Figure 5). The 
pavement is assumed to reflect perfectly, and the 
roof is assumed to absorb perfectly. The sidewalls 
are assumed to reflect specularly, to scatter dif
fusely (and omnidirectionally), and to absorb the 
remainder of the incident intensity. All geometric 
and reflective parameters are assumed constant on a 
street. An important feature of the Davies formula
tion is the reemission of part of the diffuse energy 
incident on the walls (that is, the part that is not 
absorbed) as components of both upstreet and down
street power fluxes (P- and P+). Thus the ef
fect is that. ·'diffuse power is first scattered away 
from the source region (i.e., a section of acousti
cally illuminated wall), but it is then partly re
scattered back toward the original source section. 

The results can be expressed in the following 
forms: 

dP+ /dz = -aP+ + bP- + /lhl 

where 

a (1/D) + (l/2H) - [(l - n)/2D]; 
b (R + e)/2D; 
B diffuse reflection coefficient; 
D width of street; 
H mean height of buildings (both sides); 
R reflection coefficient; and 
nu l - R - e = absorption coefficient. 

(4) 

(5) 

The pair of coupled equations can be treated to give 
uncoupled equations for p+ and P-: 

ct2 p+ /dZ2 = (a 2 - b2 )P+ - [H/l(a + b) I) + [h/l(dl/dZ)] 

d2 P-/dZ2 = (a2 
- b2 )P- - [H/l (a+ b)I) - [h/J (d!/dZ)) 

(6) 

(7) 

These elua tions must be solved with bounda ry condi
tions P and P- both approaching zero as Z ap
proaches infi n ity , and p+ ( 0) is an externally de
termined input at Z = 0 ( the mouth of the street) • 
Green's functions appropriate to the boundary condi
tions were then obtained. 

There was interest in finding the combined flux 
p+ + p- in the street because of sources in the 
street and in the intersection, and in the flux 
P- ( 0) issuing into the intersection as a result of 
the sources in the street. Therefore, 

P(Z) = p+ (Z) + r-(Z) (8) 

P(Z) = [(a + b +8)/(a+ b)] Q+e-02 + [(a+b)/lh/8) r K(z,m(~M (9) 
0 
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where 

K(z, O = exp [-8 lz - rn - [b/(a + $)] exp [-8(z + nJ (JO) 

The power radiated out of the mouth of the street 
(Q-) into.the intersection is found to be 

Q- ~ no) = /lh [(a+ b + $)/(a+ b)] r l(E)e-e t df 
0 

(11) 

This analysis was carried out on the tacit as
sumption that there was only one semi-infinite 
street opening on a reservoir region. It is neces
sary to generalize ton street::i, For example, con
sider four streets (n = 1, ••• , 4) emptying into 
an intersection. The cross-sectional area of each 
street will be denoted by Ai to A4 , and the area 
out the top (the plan view) will be denoted by A5 • 
The quantity Q! is then apportioned by assuming that 
Q2, Q3, and Q4 are each shared proportionately to 
areas (A1,A3,A4,A5), (Al'Az,A4,A5l, and (Al'Az,A3, 
A5 ), respectively; then 

(12) 

where A is the sum of all the areas bounding the in
tersection (see Equation 14). Q1 is therefore 
the sum of that portion of each of thP. power flows 
from streets 2, 3, and 4 that flow into street 1. 
Therefore, 

4 
Q~ =An l: [Q;;,/(A-Am)];n= 1,4 (1 3) 

m'F-n 

(14) 

To check the results, the following requirement 
must be satisfied: 

S 4 

L Q~ = L Q;;, (15) 
n=l m = I 

NONREVERBERANT STREETS 

Note that in a street that dohs not have walls on 
both sides, it is not possible to create a reverber
ant field. Thus a street with one wall may have a 
single reflection of a given ray. In such a street 
there is no need to compute wall intensities for use 
as the source function of the diffuse flux-generat
ing mechanism. Thus, in the case of a type 1 street 
(walls on both sides), which radiates into a street 
that is not type 1 (e.g., type 2, 3, or 4), the con
tributions of all orders of reflection on the recep
tor field must be evaluated, but not those on the 
diffusion field (i.e., type 2, 3, or 4 are uncoupled 
for diffu::iion). Similarly, it isi o1sis.umed th<1t- r,nn
pling is negligible in the reverse direction (i.e., 
that sources located in the open spaces of type 2, 
3, or 4 streets can have a negligible contribution 
to the diffuse field in a type 1 street). Hence the 
wall intensities in a type 1 street because of 
sources in streets of type 2, 3, or 4 are not con
sidered. An exception is made for the i ntersec
tion. In this case sources can be quite close to 
the target walls, and incident rays can enter at 
angles close to the wall normal; thus the contribu
tion may be significant. 

COMPUTER PROGRAM 

The procedure followed in carrying out the numerical 
computations that correspond to the previous discus
s ion is most easily described by using the program 
flow diagram shown in Figure 6. 

The first step in the process is to prepare traf
fic data for SMALL NETSIM (traffic lane geometry, 
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Figure 6. System logic for INTERSECTION NOISE program. 

ror each receiver f.lnd 

noise contl'ibut i orut 

from all sources 

volume, vehicle mix, light siqnal times, bus lane 
assignment, turn ratios, and run). The tape output 
is called file 1; it consists of extracted informa
tion of vehicle position, speed, and acceleration. 
Combined with the acceleration and velocity noise 
data base as input, the NETSIM program generated 
file 2, which contains position and sound power data 
for all vehicles in a form suitable for the INTER
SECTION NOISE program. Inputs for this next step 
include building geometry and reflective cha·racter
istics (specular and diffuse reflection coeffi
cients) as well as selecting output options. Note 
that the same file 2 can be used with variations on 
building geometry and reflection, and the same file 
1 can be used to test the effect of different vehi
cle emission characteristics (by creating a new file 
2). 

The sequence of the INTERSECTION NOISE program is 
first ta check discrepancies in input data (ERROR 1) 
and then to print out the input data (OUTIN). Then 
the output options are listed (receiver positions 
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and number; source tabular increment; choice of 
Lio, Leqi histograms at N1 stations and time 
histories at N2 stations; printout interval if 
greater than 1 sec) i i.e., see Figures 7 and 8. 

The next subroutine is CTABLE, which first de
cides from each street type (1, 2, 3, or 4, depend
ing on wall configuration) and street type pair 
(e.g., if both streets of a pair are type 1 and are 
on opposite sides of the intersection) what the ap
propriate table-generating subroutine should be. 
The table entries are the higher-order contributions 
at each receiver station because of the unit source 
strength at each (tabulated) source station. The 
general sequence is as follows: 

Figure 7. Typical street configuration printout. 
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' VEHICLE 
PATH 

l 

19 
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I 

1. Let the first receiver street be designated 
NR=li 

• ••••••••••••••••••• • ••••••••••••••••••• 

2. Let the first source street be designated 
NS=li 

3. Because this is a self-noise configuration, 
go to the subroutine TSELFi 

4. Based on whether or not street NR=l is of 
type 1, go to table-generating routine TS1 (and ex
ecute) or return to CTABLEi 

5. Let the second source street be NS=2i 
6. Because the street pair is now perpendicular 

and the sound makes a left turn in moving from 
source to receiver, go to subroutine TPERPLi and 

7. Based on the source street type (1 to 4) and 
receiver street type (1 to 4), go to the appropriate 
table-generating subroutine; but because tables are 
needed only if one or both streets are double walled 
(type 1), the number of different cases is sharply 
reduced; finally the appropriate table is computed, 
and control is returned to CTABLE. 

The source index NS is taken through all these 
steps until all source streets (including the inter
section area) are tested for choice of table type 
and the tables are computed. 
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••••••••••••••••••• • • • 
• • • • 

AREA 4 

• • • • 

AREA 1 

•••••••••••••••••••• 

Figure 8. Printout of geometric input parameters. • ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
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Next the receiver street index is stepped to 
NR=2, the source index to NS=l, and the cycle of 
tests is repeated. Thus 20 tables each of <p 2 > 
and wall intensity would be created if all streets 
had double walls, and no tables would be created if 
walls did not exist. 

When the tabulation of the higher-order reflec
tion terms is complete, the control is transferred 
to subroutine WORK. In this program the previously 
developed tables and the precise position and 
strength of each source are used to find the higher
order reflection contribution to <p 2 > and wall 
intensity at each receiver by interpolation. Then 
the . exact direct and first reflection terms at each 
receiver due to each source are added. 

The choice of computational formulas in a given 
street intersection depends on the type of wall 
geometry, and the sequence of choices is similar to 
that in constructing the tables. 

In general, the WORK sequence is as follows. 

1. CLEAN starts all working variables and steps 
to the next time increment. 

2. CINDEX accesses file F2 for the vehicle posi
tions and strengths for the new time and arranges 
them in arrays accessible to the following sub
routines. 

3. In WORK the first receiver street index is 
set (NR=l) and the first source street index is set 
(NS=l). This sends control to subroutine SELF. 

4. SELF tests for the appropriate street type 
from among types 1 to 4 and sends control to the 
corresponding subroutine from among Sl to S4. Then 
the direct, first-order, and higher-order ( interpo
lating from the tables) contributions to <p 2 > 
and wall intensity are computed for each receiver in 
NR=l and for each source in NS=l, and the resulting 
array is stored. Control is then restored to WORK. 

5. The source street index is stepped to NS=2, 
control sent to subroutine PERPL, choice made from 
among 16 possible street type pairs, and control 
sent then to the appropriate subroutine from among 
PLll to PL44. The contribution to <p 2 > and wall 
intensity are computed for each receiver in NR=l and 
each source in NS=2, and the results are added to 
the previously stored array. 

The process is repeated in this way by stepping 
the source street index through to 5 (thereby call
ing subroutines LONG, PERPR, and INTER) , and then 
the process is repeated for receiver streets 
NR=2,3,4. Control is then sent to ENFLUX (through 
WORK) to calculate the diffuse power flux emptied 
into the intersection by all streets, mixed, and 
reinjected into each street as Q! to Q4. 

DIFPWR next computes the diffuse power P in all 
streets. Subroutine SSPL sums the mean square pres
sure at each station of all streets due to the re
flection and diffuse power contributions, and then 
it calculates the A-weighted sound pressure level. 
This array is stored in output storage OUTSTR, and 
control is returned to WORK. 

At this point the WORK cycle is repeated by tak
ing the files through the CLEAN cycle, updating the 
time and vehicular data, recomputing the sound pres
sure levels, and storing the results for the time 
step. The number of cycles of repetition is set by 
the user as an input option. After all cycles are 
completed, control is shifted from WORK to OUTPRE, 
where the output is arranged in preliminary form, 
and then to OUTFIN--the final output. 

RESULTS FOR SINGLE-VEHICLE PASSBY 

Detailed computations and analysis were carried out 
for the cases of a single-vehicle passby at constant 
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speed and at constant source strength (corresponding 
to 80 dB at 50 ft over hard pavement). These cases 
were run first as an aid in debugging the system as 
well as for their own intrinsic interest, which is 
the reason for presenting them here. 

The street configuration is shown in Figure 7, in 
which the main streets are represented by streets 2 
and 4 with a width of 120 ft (building line to 
building line, whether or not there are walls), and 
the side $treets are represented by 1 and 3, which 
have a 100-ft building-to-building width. Receivers 
are all located 10 ft from sides A (right side look
ing into the street from the inte·rsection) at 20-ft 
intervals. The vehicle path is along YS = 77. 5 ft 
in street 2, at YS = 62.5 ft in street 4, and midway 
between as it crosses the intersection. (The pecu
liar path was an inadvertent artifact of the choice 
of test path and is not ordinarily anticipated.) The 
vehicle speed was taken as 40 ft/sec, and the start
ing location wa$ ZS= 560 ft into street 2. 

Figure 9 shows the time history at receiver 5 in 
street 1 (80 ft from the boundary of the intersec
tion) due to the cases of no walls and 30- and 
300-ft-high walls lining all streets. The field of 
the no-walls case is exactly as anticipated for pure 
inverse square law propagation (without ground at
tenuation). 

By contrast, the cases of all walls reveal inter
esting behavior of quite a different character. The 
most striking difference is the sudden transition of 
levels (between t = 13 and 17 sec) from values less 
than to values greater than the no-wall case, as 
well as the jumpy behavior at t = 10, 20, and 29 
sec. The jumps take place each time a reflection 
path becomes possible or impossible. The lower
order paths produce jumps because they are always 
shorter than the higher-order paths and involve 
fewer reflective losses (at 2. 2 dB per reflection 
for a specular reflection coefficient of 0.6). The 
highest levels are reached between t = 13 and 17 sec 
because of the direct path contribution. Note that 
the vehicle is still 80 ft from the intersection 
boundary at time t = 13 sec, but the unsymmetric 
configuration of both vehicle and receiver opens up 
the direct line-of-sight path. 

Figure 9. Time history in receiver area 2 causea by source moving from area 2 
to area 4. 
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The direct path contribution continues to rise as 
the vehicle crosses 90 ft through the intersection 
and is cut off shortly thereafter by the walls of 
streets land 4. Between t = 18 and 28 sec, propa
gation from street 4 into street l is primarily by 
paths that reflect once in each street. But at time 
t = 29 sec that path is cut, and the higher-order 
{more than one in either street) reflective contri
butions remain. The dropoff rate for that component 
depends on the source and receiver positions in a 
quite complicated way, and the receiver level can 
either rise or drop as the source approaches the in
tersection. 

Study of the numerical computations for the case 
of a 30-ft wall indicates that the contribution of 
the diffuse reflection mechanism to the final levels 
is of little practical significance. Thus at t = l 
sec, when the source is at ZS= 560 ft, the diffuse 
reflection contributes about 7 percent to the final 
energy (0.3 dB), and this percentage is generally 
less {about O. 2 dB), although values of as much as 
15 percent have been noted at some source and re
ceiver position combinations. 

Before considering the high-wall case for the 
perpendicular street configuration, it is interest
ing to examine the case of receiver position 5 lo
cated in street 2. The results for the no-wall and 
30-ft-wall cases are shown in Figure 10. 

One interesting result is that the maximum levels 
differ by less than 2 dB between walled and no
walled configurations, but that the difference in
creases to about 6 dB at a distance of 480 ft on the 
same side of the intersection. Crossing the inter
section results in a roughly 3-dB drop in levels for 
the walled configuration. Jumps at t = 21 and 26 
sec occur because of discrete changes {gain or loss) 
of reflection paths. The change in slope of the 
curve at t • 5 sec is caused by the takeover of the 
higher-order reflection as the dominant contribution 
between t •land 5 sec. 

Of considerable significance is the difference in 
the levels on street l as compared with street 2; 
about 6.7 dB, on an energy average. The implication 
is that a receiver located 80 ft eastward into this 
100-ft-wide sidestreet and exposed to the southbound 

Figure 10. Time history in receiver area 1 caused by source moving from area 
2 to area 4. 
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traffic stream on the 120-ft-wide main street will 
be about 6.7 dB quieter on the basis of Leg• 

In considering the effect of high walls (300 ft), 
note that the effect of diffuse scattering is rela
tively small in the neighborhood of the maximum 
street levels {about 0.5 dB for the corner propaga
tion, area 2, receiver 5; and about 1 dB for source 
and receiver on the same street). It appears, how
ever, that it may reach 3.5 to 4 dB in some regions 
of the same street propagation, contributing 1.4 dB 
to the overall Leq for that configuration. Of 
great interest is the difference in Le experi
enced in street 2 versus that in street 1 {~.5 dB). 

RESULTS FOR URBAN INTERSECTION TRAFFIC 

Measurements of traffic noise and traffic statistics 
{ vehicle count by lane, type, turn frequency, bus 
stop charac.teristics, and so forth) were made at 
three urban intersections. The three sites, with 
specific details on the intersection geometrics and 
building configurations, are summarized as follows: 

1. Site 1--Francis Lewis Boulevard and Union 
Turnpike, Queens, New York: no buildings or other 
vertical surfaces at the intersection; intersection 
of 2 two-way streets; and a single defined direction 
of travel during peak periods; 

2. Site 2--Third Avenue and 23rd Street, New 
York, New York: buildings on all four intersection 
approaches ranging from three to five stories; in
tersection of 2 two-way streets; and a single de
fined direction of travel during peak periods; .,and 

3. Site 3--Madison Avenue and 46th Street, New 
York, New York: buildings located on all four in
tersection approaches with 10 or more stories; in
tersection of 2 one-way streets; and a single de
fined direction of travel during peak periods. 

Figure 11. Hourly traffic volumes and vehicle classification counts: 
validation of site 2. 
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Figure 11 shows an example of the type of traffic 
data required (as collected for site 2), and Figure 
12 shows a layout of intersection geometry and mi
crophone placement. 

Figure 13 shows a time history at site 2 for 
three traffic cycles for microphone M2. These data 
were taped in the field and reduced by playback to a 
microcomputer system. Figure 14 is a time history 
of the output from the corresponding INTERSECTION 
NOISE program. Note that the lack of detailed cor
respondence between the measured and predicted his
tories is no cause for concern, because subsequent 
sections or cycles of the aetual time history ~1rrer 

Figure 12. Validation of site 2: Third Avenue and 
23rd Street. 
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from each other by as much. Of greater significance 
are the histograms of Figures 15 and 16. It is in
teresting that all of the actual noise-level histo
grams show sharp lower-level cutoffs, which con:e
spond to a constant ambient background. 

Finally, the data in Table 1 summarize the actuai 
and predicted noise levels for the three evaluation 
sites. The actual values of Leq and Lio are 
generally greater than the predicted values by about 
2 dB(A) for microphone positions that involve bus 
acceleration (Rl and R2) and by about 0.7 dB(A) for 
sites at 200 rt rrom the position or the bus stop. 
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Figure 13. Time history of actual noise levels at receptor location 2. 
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Figure 14. Time history of predicted noise levels at receptor location 2. 
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Figure 15. Histogram of actual noise levels at receptor location 2. 
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Figure 16. Histogram of predicted noise levels at receptor location 2. 
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Table 1. Summary of actual and predicted noise levels at evaluation sites. 

Noise Level [dB(A)] 

Standard 
leq L10 Deviation 

Location Actual Predicted Actual Predicted Actual Predicted 

Site I 
RI 72.8 68.5 74.4 70.0 3.2 4.5 
R2 71.5 69.4 74.0 71.5 3.6 4.5 
R3 69.6 69.2 72.6 69.0 3.5 4.8 

Site 2 
RI 76.3 77.1 79.I 80.6 3.9 4.7 
R2 78.6 76.0 80 .0 78.7 3.9 3.9 
R3 75.9 75.2 79.0 78.5 4.6 4.1 

Site 3 
RI 79.4 77.0 81.5 79.3 5.2 6.8 
R2 77.1 79.0 78.8 79.0 4.0 5.9 
R3 77.2 77.9 80.1 78.8 4.3 6.5 
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