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last 2 weeks, and its effect on residents was 
minimal. 

Complaints were minimal throughout the B months 
of the project. The affected residents discussed 
earlier did not have time to complain. The grinding 
phase sped through their 0. 25-mile segment in three 
nights. Other complaints received by project per
sonnel concerned noise from other equipment used in 
peripheral phases of the project, i.e., power con
crete saws used to clean joints and jackhammers used 
in patching damaged slabs. Their noise levels were 
less than those of the grinders. 

It was believed tt)at the lack of complaints was 
due in part to a significant reduction in noise 
levels of more irritating frequencies, even though 
the capability of verifying this information with 
instrumentation did not exist. The accessory equip
ment (jackhammers) had a noise impact because of 
their inherently higher frequencies. Furthermore, 
the diesel engines used on the previous contract 
emitted a pronounced whine, whereas the later en
gines and exhaus t systems did not . Apparently the 
dampening e ·ffects of the r etrofit t i ng wer e signifi
cant. 

The effects of the devices on overall performance 
of the equipment were negligible, The contractor 
was 5 weeks behind schedule when the first mile was 
completed, and delays were attributed to complica
tions not related to the retrofitted equipment. 
Adjustments were made to the grinding process, de
sign of blades, and a few o t her mechanical defi
ciencies, The project was finished on schedule. 
Naturally, the speed of production was a benefit to 
the residents. 

The primary goals of reducing the inherent noise 
levels and reducing complaints were achieved. ADOT 
hope s to continue o fferi ng the same noise-abatement 
i nce ntive on futu re s e nsitive p r o j ects , a ssuming the 
monetary award can be maintained at a n attractive 
value. 

Several factors that cannot be controlled may 
affect this decision. Larger-scale projects may 
require larger fleets of equipment. Overall noise 
levels may be more difficult to maintain at limits 
less than 86 dB(A). Retrofitting major components 
may be more expensive, and incentive payments may 
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not be attractive enough. Larger fleets also mean 
more noise sources to monitor. 

When compared with earth-moving equipment, the 
grinders are ac t ually quite small. Most are designed 
to process a path width of 3 ft. However, some 
manufac t urers are now testing machines with two 
arbor s designed to grind 6 ft or mor e i n one pas s. 
The power s upplies are much larger t ha n those used 
in Arizona. Thus t he potential for mo r e intrus i ve 
noise is higher. Problems .tn attracting this 'more 
productive equipment may be encountered because of 
noise-level restrictions. 

Obviously, future use of the incentive will have 
to be dealt with on a project-by-project basis. 
Sensitive areas will require protection, whereas 
other areas may not require any limits on noise 
levels. However, Arizona intends to protect people 
from excessive construction noise and will encourage 
innovations in noise reduction. In the near future 
ADOT hopes to set the primary noise-level specifica
tion to a more restrictive limit tha.n 86 dB(A). 

The need for more data on activities of other 
contractors is evident. The ability to sample more 
equipment is limit ed by the t y pe of equ ipme n t that 
enters the state . ADOT needs i nput from o t her agen
cies that are collecting construction noise data of 
any kind. Considering the future of new highway 
construction versus rehabil i tation and maintenance 
in sensitive urban areas, the need for noise abate
ment on construction projects may become much more 
important. 
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Procedure to Evaluate Transit Noise Abatement and 

Cost-Effectiveness: .The PEACE Program System 
WILLIAM R. McSHANE, JOSE M. ULERIO, AND SIMON SLUTSKY 

The procedure to evaluate t rnnsit noise abatement and cost-effect iveness 
I PEACE) program system was developed as a tool that rail transit ope rators 
and othe" could use to evaluate tho noise performanoo of their systom and 
to explore the cost and effeetlveneu of candidate noise-treatment plans. The 
system uses three Input data bases: lal system description , (b) noise profile, 
and (c) treatmenu and costs. It iJ designed so that the latest state of the art 
in noise descriptions and in treatment technology can be incorporated, and 
that future developments can be added . It is also designed for use on large 
properties. The PEACE system is implemented as a se t of th ree computer 
programs: a preprocassor, a main program, and a postprol:llssor or report 
generator. The system can be used to evaluate proposed treatment sets, to 
investigate the potential of hypothet ical treatments or of now car designs, 
and to check a number of what-if questions. The development work was 

done with close interaction with a major rail transit property (New York City 
Transit Authority), which plans to use the PEACE system in its work . 

The procedure to e valuate transit noise abatement 
and cost-effectiveness (PEACE) was developed under 
contract to the U.S. Department of Transportation 
(DOT) to allow rail transit operators and other 
interested parties to 

l, Systematically determine and review the noise 
levels on the system; 

2. Systematically catalog the abatement measures 
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Figure 1. Capabilities of the PEACE noise-abatement system. 
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that are available, in terms of effectiveness and 
cost, so that they are available for inspection, 
review, and use; 

3. Evaluate the effectiveness and cost of alter
native treatment plans (total or partial); and 

4. Document the results in ways that .......... u b~ 
understood and that will allow people to evaluate 
the effect of cha.ryging some costs , assumptions, or 
values. 

The PEACE prog r am system is implemented as a s et 
of three comput e r programs t hat allow t he user to 

l. Establish and check a data base on the sys
description 
and charac
costs (this 

tern, which consists of three sections: 
of the physical system, noise profile 
teristics , and treatment options and 
program is called PR.EPEACE); 

2. Apply treatment sets (actual or candidate) to 
the described system to evaluate t.heir effective
ness; alternatively, the noise characteristics of 
system components or treatments can be var i ed to 
gauge the impact of such changes (this program is 
called PEACE); and 

3. Generate reports on the changes and costs 
(this program is called P0STP6ACE). 

The capabilities of the program system are shown in 
Figure 1. 

The program system can generate seven major re
ports: 

Report 
l 
2 
3 

4 

5 

6 

7 

Contents 
Tabulation of treatments made 
Cost report 
Rider environment 

Noise levels by route 
Summary of all routes 

Station environment 
In order by station number 
Sorted by noise metric 

Community environment: block by block 
In order by input order 
Sorted by noise metric 

Community environment: sensitive 
receptors 

In order by input order 
Sorted by noise metric 

Summary 
Treatments 
Benefits 
Costs 
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The station and community reports can be tabulated 
in sorted order by any one of three noise indices. 
The station report can also be sorted by local ju
risdiction (i.e., county, borough) and then by noise 
i .. ..,,.x within che local. :Jurisdiction. 

OVERVIEW 

The PEACE program must be viewed as nothing more 
than a bookkeeper that allows the user to collect 
certain information to evaluate the actual impact of 
one or more treatments, applied to one or more sec
tions of the system . More specifica).ly, the certain 
intormation can be categorized into three data bases. 

1. The system, which includes types of track and 
right-of-way, types of cars , definition of routes, 
and so on. The definit ion of rout s ncludes time 
and speed between station13 , cars assigned, pei:sons 
traveling, and other r elevan t i nformation. 

, • The system noise profile, which includes the 
noise levels of various cars on different types of 
track or right-of-way, the effect of speed, and the 
relative contribution of various sources and paths. 

3. Abatement, which is the effectiveness of 
various candidate treatments and the cost of the 
treatments. 

It must be recognized that there are three pr in
c ipal sections to the rail transit noise environ
ment: rider: (i.e ., the levels to which the tr:ap;iit 
riders are exposed while traveling in the train), 
station (i.e., . the levels to which those in the 
stations are exposed ), and community (i.e., the 
levels to which community residents and others are 
exposed) • Further, there are four areas in which 
treatments can be made: car, right-of-way (ROW), 
station, and community. The system noise must thus 
be characterized in such a way that the effect of a 
treatment in any of these areas can be assessed in 
all thr ee environments. The effect can be summar i zed 
as follows: 

Area of Affected Environment 
Treatment Rider station Communit:i:: 
Car Yes Yes Yes 

. ROW Yes Yes Yes 
Station Yes 
Community Yes 

Not all treatments will affect all environments, 
even when a yes is indicated in the preceding table, 
For instance, car window and door seals would affect 
only the rider environment. 

Examples of treatme nts in e ach area a,e as fol
lows: car--true wheels, air condition: ROW--weld 
rail , place barrier; station--acoustic ceiling, 
reat walls1 ,:ma community--douuli,-glazed windows, 

acoustic treatment of ceilings in rooms. Note that 
the community trea.tments are at the sound receptor. 
The impact of other treatment areas on the community 
environment is a different aspect and one of greater 
priority in the present ontext , 

The following should also be noted, 

1. Station treatments are those physical treat
ments to the station or in the station itself, such 
as acoustic ceilings, wall treatments, and between
track barriers. As such, it is unlikely that the 
rider in the car: will be noticeably affected. Cer
tainly, residents in the community would not be 
affected by such treatments in any significant way. 

2. Community treatments are those physical 
treatments performed at the receptors, such as 
uuuble-glazed windows i n a building or room acoustic 
treatment, Yet these treatments at the receptors 
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are often not within the purview of a transit prop
erty, and they are also considered by many to be 
"closing the barn door after the horse has escaped". 

There are several distinct measures of effective
ness (MOEs) that can be considered. Those used in 
the PEACE program fall into three categories: 

1. MOE X--the basic measure of effectiveness is 
the equivalent noise leve l (Leql; 

2. MOE Y--the energy to which a single individ
ual is exposed, whi c h is essentially Leq + log T, 
where Tis the app r o priate exposure timer and 

3. MOE z--the energy to which all involved peo
ple are exposed , which is ess ent ially Leq + log T 
+ log PPL, where PPL denotes people . · 

In each environment the actual event over which 
Leq• T, and PPL are defined is appropriately se
lected. For instance, f or in-train noise , the basic 
event is the trip from one station to the next. For 
station noise, it is the passage of one train, 
either express or local. (The latter would include 
an arrival and a departure, the former simply a 
passby.) 

The user has the opportunity to specify a set of 
treatments and the set of reports that should be 
generated to document the impact and cost. Figure 2 
shows that PEACE is, in effect, a tool to systemati
cally access and use the key data bases already 
cited. 

It should be noted that all MOEs are based on 
expected or average values. 

KEY PEACE COMPUTATION 

In each of the noise environments the total noise 
level is described as the sum of several sources, 
each of which is speed dependent of the form 

I; = Ai t Bi log (SPD) (I) 

Figure 2. Using the PEACE program system. 

where SPD is the train speed, the subscript i 
notes the ith source, and the constants Ai 
Bi a r e associated with the specific source. 
severa l s ourc e s are then added ac co rding to 
usual relation 

l eq = L0 q(SPD) = log L!O Li/10 
i 
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Typical values for the in-train noise of a particu
lar car model are shown in Figure 3. By using Equa
tions l and 2, the following computations can be 
made: 

Leq(30 mph) 97.3 dB(A). 

Leq(40 mph) = 102.l dB(A). 

Leq(SO mph)-= 106.3 dB(A). 

Based on detailed measurements in at least one 
study (1) and insights gained from other studies 
(],ll, ft is also possible to estimate the signifi
cance of different noise paths into the car (or 
other environment). At 30 mph, the total contribu
tion along different paths in the preceding figure 
might be as follows: 

Path Noise [dB(A)] 
l 90.S 
2 94.5 
3 84.0 
4 83.9 
s 88.6 
6 78.4 
7 79.8 

I: 97.3 

Thus the contribution of each source along each path 
can be estimated, as shown in Figure 4. [Note that 
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Figure 3. Typical values for in-train noise of a particular 
car model. 

Figure 4. Contribution along sources and paths. 
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the noise levels cited are those measured at the 
standard receptor (e.g . , in the car), not the abso
lute level at the source point.] 

The essence of the key PEACE computation is that 
each treatment typically decreases one or more 
sources or decreases the transmission of one or more 
paths. Thus either one column or one row (or more 
of each) must be decreased entirely, and the sum 
must be recomputed. 

The advantages of PEACE are that it (a) accesses 
the treatment data base for a treatment of interest, 
(b) accesses the noise profile data base for the 
present condition (such as in Figure 4), (c) com
putes the effect of applying the treatment, and (d) 
accesses the data bases as needed to generate re
quired reports. Its principal advantage is that it 
will do the computations that would otherwiSol! be too 
cumbersome and would limit the investigations a 
person could do in a practical amount of time. In 
particular, the changes to the source and path dis
tribution from specified treatments require much 
computation. PEACE is intended to allow the user to 
focus on options, not computations. 

THE PREPROCESSOR: PREPEACE 

The PREPEACE program checks for faults in the user's 
input data and creates the necessary files for the 
other programs in the PEACE program system. The 
files that go into the PREPEACE program constitute 
three data bases: system, noise profile, and treat
ment and costs. The eight input files are as fol
lows: 

Data Base and Name 
System 

Basic numbers and names 
Stat i on information 
Route information 
Community block by block for 

outdoor link 
Car assignments 

Noise profile 
System noise le~els 

Treatment and costs 
Treatment information 
Cost data 

Ineut File 

1 
2 
3 
4 

5 

6 

7 
8 

The input data are checked extensively, and FAULT 
messages are printed to alert the user that there is 
something wrong or unusual in the i nput data. These 
are not error messages generated by the computer's 
operating system, but true data checks generated by 
the PREPEACE program. 

It is neither feasible nor desirable to attempt 
to explain each of the inputs in this paper. This 
is better explained in a user's guide (4), which is 
accompanied by a volume of programmer~ aids ,2) . 
However, it may be relevant to provide some high
lights, in the following subsections. 

System Data Base 

The system must be defined in the most basic sense. 
Starting with a route map, all stations are code
numbered and all routes are identified, as shown in 
Figure 5. The track types are classified·, and track
age is grouped into collections that would be 
treated together if any ROW treatments are to be 
done. Some of the basic numbers for the case study 
on the New York City Transit Authority (NYCTA) are 
shown in Figure 6. The sources and paths are those 
shown in Figure 4, but here they are for each dis
tinct environment--rider, station, and community. 

By using the basic structure of the system, each 
station and route is defined, as is the community 
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(block by block). The typical definition of one 
route--the train travels from one station to 
another, covering a certain distance in a certain 
time, with a certain peak sustained speed--is shown 
in Figure 7. The track group (i.e., tunnel, con
crete roadbed), the ROW group for potential treat
ment, and the passenger load are also defined. 

One key input is the car assignment of which car 
models travel on which routes. In the NYCTA applica
tion, there are at least 24 distinct routes and 21 
distinct car models. Noise levels vary according to 
car model and track type, and track types vary from 
route to route. 

Noise Profile Data Base 

The concept of the noise profile, which is described 
in terms of sources and paths, has been previously 
discussed and shown in Figures 3 and 4. 

The basic noise event is the motion or arrival of 
a train. The levels produced are a function of the 
car model(s), the speed, and the ROW type or the 
station noise group type. The noise generator can 
simultaneously affect up to three environments: 
rider, station, and community. 

The noise profile data base contains the descrip
tion of each impact as a function of the relevant 
parameters, much a k in to Figure 3 . 

The special po wer of the PEACE program system is 
that it can combine the system and noise profile 

Figure 5. Illustration of a route map. 
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Figure 7. Input three (routes) and type two data 
(general organization). 

TYPE TMO • • • DETAILED ROUTE INFORMATION 

ROUTE NUMBER/NAME • 
FROM TO DIST TT 

1:1 
SPD 

l'RAINS= < 04 
TG 0/0 ° 0THER 

06 
GRIIOW 

08 10 12) 
CAR-TRIP PPL/CAR 

LINK LINK (MI) (NIN) MPN ~m lT~~ II~ ec-F ~!'! nr-r' 
001 002 0 .42 1,5 2:l.L 02 100 47 100 100 200 040 
002 003 O. SS 2,0 23.6 02 100 ~7 ll>.O 100 2QO 040 
003 004 0. 51 1.5 30.6 02 100 47 100 100 200 040 
004 oos o. 34 1.s 20.4 02 100 47 100 100 200 040 
005 006 o. 4s z.5 14.7 o:z 100 47 ~o 040 
006 007 0. 33 1.0 39.6 ~00 AA , B _ _ __..,,,.--,.,_ - 40 
007 008 0. 39 1.0 46,8 100 61 . 100 100 200 "-._ 
008 009 0 . 43 J..I 25 . 8 wl. 60 100 100 ZOO 041)· .• 
009 0 10 0 .51 1.5 _.... 100 cc 60 100 100 zoo 040 
: !..Q.__ 01 1 0. 5~ -~ 14 1oo cc 60 100 100 zoo 040 
9 ____ _ 

RnllTF NIJMRFR/NAMF • AA Tl1AINR= C 04 OR 
0/0 OTHER GRROW 

OR 10 17 l 

FROM TO DIST TT SPD TG 
LlNK LINK ( 111) <MIN> MPH ROUTES 

A,B 

CAR-TRIP PPL/CAR 
PK OFF PK OFF 
100 100 200 040 
100 100 200 040 
100 100 200 040 
100 100 200 040 

006 007 0.33 1,0 39.6 01 100 
007 008 0.3S 1.5 23.4 01 100 
008 009 0.43 t.5 25.8 01 ~00 
009 010 0.51 1,5 30.6 II 100 

A,8 
A,B 
A,B 

I 
I 

48 
010 Oil 0.53 1.5 31.8 11 100 A,B,CC,D 49 100 100 200 040 

Figure 8. Input seven: treatment effect. 101 R46 
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system data bases to effortlessly produce computa
tions of expected noise levels--computations that 
would otherwise consume many months of effort on a 
large system. 

For those interested in potential treatments, the 
data base can be modified to investigate how useful 
a specific treatment would be. This is actually 
what the second program in the PEACE program system 
does. 

Based on the best available state of the art 
(1,2), six noise sources and seven paths have been 
defined for the rider environment in the NYCTA case 
study. In other environments or in other applica
tions, the user may elect to use fewer of each. The 
PEACE program system can handle lesser numbers, but 
note that the treatments cannot be more detailed in 
their effect than the detail the sources and paths 
allow. 

Treatment and Cost Data Base 

The treatment and cost data base must provide the 
following information: 

1. Treatments that are available; 
2. The impact each has on the noise condition; 
3. Prohibitions or restrictions on use (if any), 

including prohibitions on joint use; and 
4. Dollar costs and benefits associated with 

each treatment in unit terms (per car, per track 
mile, and so forth). 

The treatments must be defined in terms of the A 

0 
0 
0 

Notes : TG T rack Group 

% Percent (i. e . %) of that link 

whi ch is of th e specified 

GRROW = 

)SAME AS 
0 0 0 
0 0 0 
0 0 0 

tra ck group 

Gr ouped Right- cf Way 

if a right-of-way treatment is 

applied, it is applied to all 

t r ackage within the s pecified 

group right-of-way(s). 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

coefficients of the sources or paths in each appro
priate e nv i ronment, for as many sources or paths as 
appropriate to the specific treatment. 

In Figure 8, treatment 101, as applied to the 
R46, has the following (hypothetical) effects on the 
noise impact of the R46 : 

1. Source l in the rider environment (wheel and 
rail noise, from Figure 3) is decreased by 10 dB(A) 
in its impact on the rider, 

2. Source 1 in the station environment (also 
wheel and rail noise) is decreased by 10 dB (A) in 
its impact on the station occupant, and 

3. Source 1 in the community environment (also 
wheel and rail noise) is decreased by 10 dB (Al in 
its impact on the community residen~ or transient. 

Note that this example is only illustrative. 
The effectiveness of treatments may be similarly 

defined for other treatments to cars, ROW, stations, 
or community. In the case of treatments to the 
community, note that 

1. The treatment effectiveness does not depend 
on any transit characteristic, because it is a 
treatment to the receptor (for instance, it might be 
double-glazed windows, with air conditioning, which 
affects a certain path to the community receptor, 
perhaps a classroom), and 

2. Treatments to community sites affect only one 
environment, the community; thus there is one defin
ing environment, not three. 

--
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In addition to defining the treatments, the user may 
define that certain treatments may not be applied if 
other treatments have already been applied. 

The other major part of this data base is the 
cost information. This input is designed to be 
especially user friendly, going far beyond the head
ings that are_ built into the data bases, so that the 
user can recall what the information is without 
reference to any supporting manuals (see, for in
stance, the headings in Figures 6 and 7). The cost 
data file is organized to meet the needs of a user 
with little interest in combining cost elements, 
computing average or annualized costs, or any other 
preliminary work-up. For each treatment, the user 
need only 

2. Identify the initial cost and savings, the 
useful life, and the discount rate (interest) for 
each such capital cost or savings: the initial cost 
or savings is a unit cost per car, per track mile, 
or other appropriate unit: and 

3. Identify the cost and savings annually on a 
unit cost basis for each such maintenance or opera
tions cost or savings. 

The POSTPEACE program uses this information in 
computing the cost report, which displays both 
annual cost and yearly outlays in several formats. 
A representative section of the input the user must 
provide as part of the data base is shown in Figure 
9. The various cost units used in creating the data 
base are given in Table 1. 

1. Identify the various costs and savings that 
result from the application of the treatment: these 
may be thought of as subcosts or component pieces: 

Two special cases exist: (a) for certain capital 
cost and savings i terns there may be an up-front 
outlay that does not easily enter the average unit 

Figure 9. Input eight: cost information. 

Table 1. Permitted unit costs. 

Treatment 

Car 

ROW 

Station 

Community 

Special 

Permited Units 
in Dollars per 

Car 
Wheel 
Track mile 
Side mile 
Wall mile 
Slot mile 
Track mile 
I 00 linear ft of wall 
Slot mile 
1,000 ft 2 of ceiling 
Mile of underside 
Track mile 
Side mile 
Slot mile 
Building or block 
Unit 

TREATMENT 101 CAPITAL COST RESILIENT WHEELS 

• 48().Q'. :JtHTl'AL COST°· l'tR CAR . .TD~AL O UNITS 
10 YEARS USEFUL LiiE

0 

• 

10 PERCENT DISCOUNT RATE 

l~EATMENT 101 CAPITAL 
1800 
6.6 

10 

SAVINGS STANDARD WHEEL 

• INITIAL COST PER CAR TOTAL 0 UNITS 

~~:~:,l•~~~~o~~~~ li1nE 

TREATMENT 101 MAINT SAVINGS REDUSED, TRACK MAINT 

• 1700 ANNUAL COST PER fRNI 
000 NUMBER OF EVENTS, IF KNOWN 

TREAT'l'll::N t. 101 l'IAINT SAVINGS REDUCED WHEEL TRUEING 
$ 1:,0 ANNUIIL COST PER CAR 

000 NUMBER OF ',EVENTS, IF KNOWN 

TREATl1ENT 102 CAPITAL COST RING DAMPED WHEEL 
$ 3700 INITIAL COST PER CAR TOTAL O UNITS 

6 YEARS USEFUL LIFE 
10 PERCENT DISCOUNT RATE 

TREATMENT 103 CAPITAL COST TUNED DAMPED WHEELS 
$ 6000 INITIAL COST PER CAR TOTAL O UNITS 

6.6 YEARS USEFUL LIFE 
10 PERCENT DISCOUNT RATE 

TREATMENT 104 CAPITAL COST CONSTRAINED LAYER DAMPING 
$ 4800 INITIAL COST PER CAR TOTAL O UNITS 

6.6 YEARS USEFUL LIFE 
10 PERCENT DISCOUNT RATE 

TREATMENT 10:, CAPITAL COST DAMPING ALLOY WHEELS 
$ 7200 INITIAL COST PER CAR TOTAL O UNITS 

o:, YEARS USEFUL LIFE 
10 PERCENT DISCOUNT RATE 

lREATMENT 106 CAPITAL COST RESILIENT TREADED WHEELS 

Code 

CAR)', 
UNDR 
TRMI 
SDMI 
WALL 
SLOT 
TRMI 
WALL 
SLOT 
SPOT 
UNDR 
TRMI 
SDMI 
SLOT 
SPOT 
UNIT 

$ 7200 INITIAL COST PER CAR TOTAL O UNITS 
o:, YEARS USEFUL LIFE 
10 PERCENT DISCOUNT RATE 

Notes 

8 whoels pe1 car" 
Indoor or outsideb 
For outside barriersb 
For tunnel walls 
For barriers between tracks (N tracks might have (N-1) slots] 

For barriers between tracks (N tracks might have (N-1) slots] 
Note 1,000 ft 2 c 
Platform underside 

For outside barriers 
For barriers between tracks (N tracks might have (N-1) slots] 
Literally, a spot improvement 
If per unit is literally specified , then (a) if capital item, the number of special purchase units must be 
specified; or (b) if maintenance or operations item, the number of annual events must be specified. 

8 This use is djscouraged; compute costs on the basis of per car if poss ible. 

bTRMI and SDMI are the only logical units for spot applications of ROW treatments, and are intended to improve community spots. 

cWith proper modification of input two (width of platforms by station group physical, covered to width over tracks), this can be changed to handle 100 ft 2 of space over tracks. 
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cost, such as the purchase of one welding train, and 
(b) for certain maintenance, operating cost, and 
savings items the user may wish to specify the 
annual number of events and units to which the 
creacmenc i s perrormea. :;ome ways of handling an 
increased wheel trueing schedule may be best handled 
by this latter approach. 

THE MAIN PROGRAM (PEACE) 

Given the data bases and files established by 
PREPEACE, the user may wish to select a set of 
treatments, apply them to the system, and determine 
the cost and cffcativcncoo of that eet, 

The PEACE program applies the treatments that the 
user selects. It keeps track of the total effect of 
all applied treatments in each detailed area (car 
model and grounded ROW combinations, stations, and 
so forth) in terms of sources a nd paths. The 
POSTPEACE program combines these with the noise 

tion on Applications). The relative strengths in 
the noise profile are extremely important in deter
mining the result. Cons i der the following simple 
example, with only two sources: 

Noise Profil e [dBi A! l 
Case Source ~ Treatment Net ~ 
1 -1-- 90 -10 80} 90.4 

2 90 0 90 
2 l 93 - 10 83 } 83.6 

2 75 0 75 

In both cases the before level is 93 dB(A). 
The PEACE program can be used in a number of ways. 

1. Apply it to a set of files to produce a be
fore-and-after condition, and then run POSTPEACE to 
evaluate the effect of the candidate set of treat
ments. 
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2. Apply it to several duplicates of the same 
set of files by using different candidate sets of 
treatments. In this way different candidate sets of 
treatments can be compared. 

3. cnange one or more source files by selective 
use of PREPEACE to change the car assignment, car 
fleet, treatment effectiveness, or other data base 
elements. Run PEACE on the original set and the 
revised set to obtain comparative information. 

4. Run PEACE sequentially on the same data set 
by using different treatment plans (incremental or 
phased). Run POSTPEACE between these runs. In this 
way an estimate of the cumulative effect can be 
Obtained. 

In each application the PEACE program generates a 
set of FAULT messages, which inform the user if the 
specified treatments are (a) invalid treatment num
bers, (b) prohibited, (c) already used, or (d) 
otherwise undesirable or infeasible. 

THE POSTPROCESSOR (POSTPEACE) 

The POSTPEACE program i s the report generator, which 
works off the files created by PREPEACE and modif i ed 
by PEACE. 

The inputs to POSTPEACE are shown in Figure 10. 
The user may select any or all of the seven standard 
reports, includ i ng any or all options to sort within 
reports 4, 5, and 6. 

The treatment report is a straightforward summary 
of all treatments that have been applied by the 
user, including mileages treated, total number of 
cars, and so forth. 

The cost report provides annualized costs by 
treatment, treatment areas, and total, as shown in 
Figure 11. It also provides yearly costs over a 
SO-year period, showing the recurring cost and sav
ings explicitly. Thus a capital item with a 10-year 

Figure 10. Specifying reports on POSTPEACE. POBTPEACE PRDGRAN 
JULY 1982 VERSION 

Figure 11 . Report 2 (costs) : annual cost by 
treatment. 

I SORT 'BY 
IBORO i-------~---~-~------I 

!CHOOSE NANE INO SORT !SORT I MOE I MOE Z MOE 3 

REPORT 11--CXI---ITREATNENTS 
REPORT 21--cx,---ICOSTB 
REPORT 31--CXI---IROUTES 
REPORT 41--CXI---IBTATIONS <X> 
REPORT ,1--cx1---ICONNUNITYCALL> I ( I 
REPORT SI--IXI---ICONNUNITYCBENS.RECEP.11 C I 
REPORT 71~-IXI---IBUNNARY I 

REPORT T~C ••••• ,NhUAL CCST BY TREATHE~T 

TREATHE"'T ccs r 
-------

101 7~8366. 
126 e 1566. 
151 172954. 
176 23Se8. 

SUHHARY BY TREATHEhT AREAS 

TREAT CARS 
TREAT R ,C,11, 
TREAT S TATICNS 
TREAT cc~~LNIT 

TOTAl 

H8366. 
8H66, 

1729~4. 
23988. 

1016112. 

LESS s,vtNG 
-----------

-503525. 
a. 

-215oe. 
-2983. 

-503525. 
o. 

-215C8, 
-2983. 

-528C 16. 

CXI <XI 

( ' ( I 

NET ANhUAL CCST 

294840. 
81566. 

151'1~6. 
210C5. 

290~0. 
81566, 

1514U, 
21CC5, 

, .... ,.. 

I I 
( ) 

( ' ( ' 
( ) 
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useful life will show up as a cost in years 1, 11, 
21, 31 ,' and 41. 

The noise level reports (reports 3, 4, 5, and 6) 
show the before and after noise levels with differ
ences, if there is any change: otherwise only the 
existing levels are shown. Each report has three 
measures of effectiveness by which the user may 
evaluate the site. The measures for the station 
environment are given in Table 2. The report format 
is shown in Figure 12. 

The report format for a route is shown in Figure 
13, Note that station names are given, and that 
noise from station to station is indicated. Route 
summary statistics are also provided. 

The summary report gathers the route statistics 
into one place and provides a summary of how many 
routes, stations, and community blocks were improved 
by how many decibels, and how many people were bene
ficially affected. This information was designed 
for summaries to upper-level management. 

Table 2. MOEs for the station 
environment. Measure Formula 
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APPLICATIONS 

Based on the interactions with NYCTA and the Trans
portation Systems Center during the course of devel
opment of the PEACE program, a number of enhance
ments were worked into the PEACE program system. 

1. Cost reports must be in terms of actual an
nual expenditures as well as annualized costs, which 
are relevant in engineering economics and related 
analyses, but are not directly useful in budgeting. 

2. ROW sections between stations are not neces
sarily uniform·. Indeed, three or more distinct 
track groups might be encountered between two sta
tions. Further, the existing NYCTA data base does 
not allow easy retrieval of such information: there
fore, reasonable judgments were needed for a first 
system definition. However, the format of the forms 
had to accommodate the situation, and the program 
had to be coded with cognizance of such aspects. 

Meaning 

Noise level if express present; otherwise local MOE 1/S 
MOE 2/S 

Leq 
Leq + l O log ( expected exposures) Total energy exposure due to express and local activity, based on 

annual turnstile counts and expected exposures per person 

Figure 12. Report four 
(stations). 

MOE 3/S Annual turnstile counts In thousands 

~EPORT fOURINOISE PRCFILE OF SfAJIC~SI 

SORTED BY MCE 

~ITHIN EAC~ ecRC/(C~~lY 

STATIC~ ~AME PPL e R 
0 A 

~ 

K 

13 205 S1REET 2~ 2t. X 
GROUPSINCISE, FhYSICALl=I 1, ll 
AUTHORllY CODES 1,3,4• N224 1 24 26 
ROUTES• D 

14 BEDfORC F~. eLVC. 
GROUPS INCi SE, PhYS I CALl=I 1, 
AUTHCRllY COCES 1,3,4• N2<2 
ROUTES• CC C 

75 KINGSeRIC(E RCAC 
GROUPSINCISE, HYSICALl=I l, 
AUTHORllY CCCES l,3,4= N220 
ROUTES• CC C 

1 t ~". > 

BE F 
AFT 
DI ~ 

2 BEF 

~CEIIS 

n .e 

~LE2/ S 

11 l .6 
10~.o 

- 2 . h 

110.0 

Notes · ( l / Sample dalil was used , Levels 

shown are nol actual levels. 

(2) Measures of Effectiveness are 

d~fined in Table ?... 

~ CE 3/ S 

2426.0 
2476.0 

J.C 

lt54.0 
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Figure 13. Report three (routes). 
lltUTE A •EIG~TED FCR All CARS ACTUALLY CN ~CUT£ 

THERE ARE 344 CARS G~'T~l~'RClT~ 

1, 207 STREET 

2, DYCKMAN - 20C S1R£ET 

3, 190 STREET 

it, 181 STRfET 

5, 11, STREET 

6, l6E STREET 

nu c.;.;if' 
B A C 
E F I 
F T F 
0 E F 
R R 
E 

l'Oi·l 1M· 
B A C 
E F I 
F T F 
0 E F 
~ R 
E 

"LtJ/tc 
B A 0 
£ f I 
F T F 
C E F 

R 

79. 79. ~.O 99. 'lS. C.O 143. 143. 0,0 

79, 1,. C.C \CO. 

82. 82. o.c 101. 

11. 11. G,C 97, 

75 , ;5. c.c 97. 

87. 
7, 163 STREET --

8, 155 STIIE ~ 

q, lr ___..- 83. 
-oA~ECR~:~ 

! IREET-hCLLAND 

EACh SS SlREET-PLAYLA~~-
79. 

EAC~ 105 STREET-SEASIDE 
,n 

tAC~ 116 STREEl-RCCKA~AY 

n. 
78. 

H, 

79, 

PARK 

c.c 102. 10,. 

C.O IOI. 101, 

0.0 99. 9S. 

141. IH, 

c.o 14t. 146, 

c.o 143. 143. 

o.o 145. 145, 

o.o 143. 143. 

o.o 

o.o 

o.o 

o.o 

o.o 

u.o 

SUl'~ARY FC~ THE ABCVE RO~TE• A fCllCi.S ••• 

BEFCRE AFTER C lff 

~CUTE LEQ e2. e2. -c. 

E~ERGY OPGSURE 120.6 120.1 -0.5 
(I',£ PERS("I 

E~ERGY E•POSURE 164.4 16).9 -C.5 

3. When considering 
must distinguish between 
currently preferred or 
tions. 

All PERS(NS 

Notes : 

prohibitions, the program 
absolute prohibitions and 

property-specific prohibi-

These enhancements are only illustrative of the 
smaller but key issues that were identified because 
of the periodic interactions. Six major points 
stand out as prime and decisive results from the 
interaction process. 

1. Extensive error checking of the user-provided 
data is needed both for out-of-range values and 
internal consistency. 

2. The program should be a program system, con
sisting of a preprocessor, main program, and post
processor. 

3, The input data should be minimized so that 
(to the maximum extent possible) summary tables 
required should be generated by the preprocessor, 
not the user, and that noise profiles that are in
distinguishable (e.g., car model X appears com
parable to car model Y) are cross referenced rather 
than input twice as two independent pieces of in
formation. 

4. The property (and most users) view the use of 
PEACE in thG u::e :-:;pecification mode as the proper 
approach. That is, the user select~ and specifies a 

(1) Sample data was used , Levels shown 

are not actual levels. 

(2) MOEl/R is Leq. 

set of candidate treatments, which the program eval
uates as to costs and benefits, and reports ac
cordingly. 

5. Because many persons must contribute small 
individual pieces to the data base, it is best--in
deed it is imperative--to make reasonable assump
tions on any missing er difficult portions of the 
three data bases. users can and will react to the 
propriety of these assumptions much better than they 
wi.11 act in assembling the inform~tion initially. 

6. The format of making dal;a files self-docu
menting is vital and greatly appreciated, 

Each of these points has been incorporated into the 
PEACE design. 

It must be recognized that the typical user is 
under many obligations and works with scarce re
sources of time and personnel. Thus it is difficult 
to create a major, detailed, precise base on track
age, costs, or some other aspect unless the end 
product can be "felt". This is particularly true 
for personnel not directly connected with noise 
problems. It is much better to expect reaction and 
appropriate detail when everyone can better appreci
ate the sensitivity of the possible answers to spe
cific data inputs. 

By th;. end of the initial development ot the 
PEACE program, the followi.ng uses of the PEACE re-
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sults were identified by the NYCTA Environmental 
Staff Division: 

1. Even the basic existing summary of noise 
levels by routes and stations will allow the Divi
sion to readily respond to internal inquiries and to 
citizen complaints; 

2. The tabulation of the treatment data base 
will provide an identification of options and a 
synthesis of the state of the arti 

3. The actual operation of the PEACE program 
will allow evaluation of (a) past program efforts 
and (b) alternate future abatement scenarios; and 

4. The actual operation of the PEACE program 
will allow scenarios proposed by any other party to 
be identified and will enable better information to 
exist when legislation, mandates, and regulations 
are considered. 

In addition, the possible educational and training 
aspects of using the PEACE program on a specific 
property must be considered. 

Other applications of the program system include 
the following. 

1. An agency might use PEACE to explore sensi
tivities, namely what-if questions: What if a given 
benefit is -10 dB(A) and not -15 dB(A)? What if one 
action is taken rather than another? 

2. An agency might use PEACE to determine 
whether a potential treatment would have major bene
fit to a system if it had its anticipated charac
teristics (or some lesser ones). Thus it could be 
used to assess candidate demonstration treatments. 

3. Similarly, an agency can attempt to identify 
what characteristics a treatment should have, thus 
better directing its identification process. 

4. PEACE can be used as a training tool in a 
deployment activity in addition to the other appli
cations cited. 
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Certainly, further applications will be identified 
as user experience is gained. 
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Effects of Parallel Highway Noise Barriers 

J.J. HAJEK 

The effects of opposing, parallel highway noise barriers have been analytically 
quantified by using principles of geometrical acoustics; they also have been 
compared with measured data. The evaluation was performed both for resi
dential areas outside barrier walls and roadway areas between barrier walls. 
According to analytical results, the effect of parallel barriers can be substan
tial in residential areas. Under certain conditions the existing preconstruc
tion sound levels can actually be increased (rather than reduced) by erecting 
vertical, sound-reflecting parallel barriers. However, direct field verification 
of the calculated results was difficult. In roadway areas the change of sound 
environment between parallel barriers could be verified by direct field mea
surements. The comparison of the measured and calculated results indicated 
that the method of using image sources to account for sound reflections is 
applicable for describing highway noise reverberation. It is postulated that 
this technique should also be applicable for estimating sound levels in resi
dential areas. Results also suggest that the driver's perception of other vehi
cles on the road can be affected by parallel barriers. 

The objective of the work reported in this paper was 
to obtain a better understanding of the effect of 
multiple reflections caused by parallel highway 

noise barriers. Opposing barriers, or highway cuts 
with retaining walls on both sides, can give rise to 
multiple reflections. The resulting reverberation 
field within barrier walls can significantly affect 
sound levels both within and outside (behind) bar
rier walls. 

The Ontario Ministry of Transportation and Com
munications (MTC) has been retrofitting existing 
freeways with noise barriers since 1977. To date 
about 35 km of noise barriers have been built and 
about 60 percent of them are parallel to other bar
riers, thereby rendering the single-barrier situa
tion atypical. 

In spite of their frequency of occurrence, the 
treatment of parallel barriers is ambiguous. Al
though the role of multiple sound reflections be
tween opposing barriers has been entirely discounted 
by some investigators (1), others have considered it 
to be highly significant (2). At any rate, the 
effect of parallel barriers- has not yet become a 


