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INTRODUCTION

At the INTER-NOISE 92 in Toronto, l-INCE l decided to undertake a study with the
objective of obtaining a global view of the effect of vehicle noise regulations on road
traffic noise. The study could start in February 1993 when members of an l-INCE working

party2 to deal with the study had been appointed. Status reports were presented in 1993

both as a summary paper at INTER-NOISE 93 [Sandberg, 1993] and as a more

extensive report [Sandberg et al, 1993]. This paper intends to summarize the findings of

the group, but an extensive final report will be presented later in 1994. The same subject
is also treated to some extent in [Berge, 1994] by another member of this Working Party.

MEMBERS OF THE l-INCE WORKING PARTY

The following persons have been appointed by their national acoustical societies to

participate in WP-NERV:

Mr. Truls Berge, SINTEF DELAB, Non/vay

Mr. Ralph K. Hillquist, RKH-Consultants, Inc., USA

Mr. Malcolm Hunt, Malcolm Hunt Associates, New Zealand

Mr. Jorgen Kragh, DELTA Acoustics & Vibration, Denmark
Mrs. Anita Lawrence, Wahroonga, Australia

Mr. Michel Maurin, INRETS, France

Mr. Ulf Sandberg, Swedish Road and Transport Research Institute, Sweden (chairman)
Mr. Reiner Stenschke, Umweltbundesamt, Germany

Mr. Hideki Tachibana, Institute of Industrial Science, Japan

Mr. Mitsuyasu Yamashita, Kobayasi Institute of Physical Research, Japan

BACKGROUND

This initiative deals with the effect of national and regional regulations on noise pro-
duced by traffic at the roadside as well as inside buildings near major traffic arteries.

Many industrialized countries have introduced regulations regarding maximum

noise emissions of road vehicles. The regulations are generally co-ordinated inter-

nationally, both with regard to measuring methods and, to some degree, with respect to

noise limits. Such unified methods/limits are, for example, implemented in the European

 

1 I-INCE = The International Institute of Noise Control Engineering

2 Hereafter called 'WP-NERV , from working Early on Noise Emissions of Road yehicles
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Union (EU) and in countries which have approved regulations of the United Nations

Economic Commission for Europe (ECE). The standardized method for measuring the

noise emissions of individual vehicles that is most widely accepted is described in

lntemational Standard ISO 362, "Acoustics - Measurement of noise emitted by
accelerating road vehicles - Engineering method". Use of a corresponding measurement

method is prescribed in the EU and ECE regulations.
Since vehicle noise regulations were first introduced in some countries some 20

years ago, the emission limits have been substantially lowered. Further tightening of the
limits will be made in the EU in 1995/96.

Few people question the necessity of stringent vehicle noise limits. However, it is
recognized that vehicle noise control can be costly, at least when requirements are

tightened to the levels foreseen for the mid-90's. For this, and other reasons, it is

important to assess the effectiveness of the noise control measures that have already

been undertaken as a result of the regulations. In this area, I-INCE has identified a

serious lack of information.
Simply stated, there have been very few investigations dealing with the

effectiveness in reducing road traffic noise over the period of time during which the

current noise emission limits have been in place and none of them has been global. The

results of these restricted studies, some of which have been presented at recent INTER-
NOISE congresses, imply that the regulations have had a much smaller effect than had

been anticipated. ln some cases, the regulations are viewed as having been completely

ineffective. Regulations which are promulgated without any feedback to assess their

effectiveness may be counter-productive and may, in the long run, undermine the

credibility of noise control engineering among legislators. To date, international

organizations have failed either to identify the problem or to take appropriate action.

OBJECTIVE AND METHOD

The principal objective has been to obtain a global view of the effect of the vehicle

noise regulations on road traffic noise. ln agreement with the initially given objectives

[Sandberg, 1993], the study has been conducted as follows:

1. Development of vehicle noise emission limits over the past 25 years has been listed.

2. The most important noise reduction measures that have been implemented on
vehicles as a result of the legislation have been identified.

3. Data regarding changes in vehicle noise emissions over the past 25 years have been
collected; wherever possible separately for various categories of road vehicles and for

various driving conditions (interrupted-flow and constant speed traffic).

4. Information regarding the expected effectiveness of the planned lowering of vehicle

noise emissions over the next few years has been collected.

5. Wherever possible, the study has been expanded to include not only outdoor mean

A-weighted levels but also indoor noise levels as well as maximum noise levels.

6. WP-NERV has tried to find the reasons why the effectiveness of the regulations has

been less than intended.

Most of the work has been made by correspondence, although WP-NERV had a

one-day meeting in connection with INTER-NOISE 93 in Leuven. Another meeting will be
held at INTER-NOISE 94.

An action plan was presented in [Sandberg, 1993] which, essentially, has been

followed. According to the plan, data collection should be finished in the first part of 1994

and a final report should be presented in the autumn of 1994. The following chapters
summarize the data collected up to April 1994.
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DEVELOPMENT OF VEHICLE NOISE EMISSION LIMITS OVER THE PAST 25 YEARS
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Fig. 1. The development of vehicle noise emission

limits over the years, incl. projected limits. Top half of

fig. for trucks >150 kW, bottom half for cars. Notes:

(1) Cars with >4 gears (manual) may emit up to 77 dBA.

(2) 76 dBA planned to be implemented _< 1999 in Japan.
(3) The arrow indicates that in the EU there was a change

in measuring procedure in 1985. For trucks, this corre-

sponded to approx. 4 dBA of more stringent require-

ments on top of the other changes.

(4) In the USA there are no noise requirements for cars.  
 

Fig. 1 illustrates the rather

radical tightening of vehicle

noise emission limits which

have occurred over the years in

the EU, USA and Japan. The
regulations for Switzerland are
also included since they were

for some years the most

stringent.

lt appears that the limits,

since they were introduced in

1970, up to and including the

new Directive 92/97/EEC which

will be in force from 1995, have

been lowered in the EU by

8 dBA for cars and 11 dBA for

heavy trucks; just to mention

some of the vehicle categories.

These are nominal changes; in

addition, some alterations in the

measuring method have, in

practice, meant a further

tightening of limits of heavy

vehicles by up to 4 dBA.

The total tightening 1970-

1996 for the heaviest trucks

then amounts to approximately

15 dBA. The figure also shows

that requirements in the USA
differ quite much from those in

the EU and Japan.

THE MOST IMPORTANT NOISE REDUCTION MEASURES

Reduction of vehicle noise in order to meet the more stringent legislation have

concentrated on power unit noise. A list of examples of reduction measures follows:

Optimization of the engine combustion process

Optimization of the stiffness of the engine

Sound absorption material in the engine compartment

Use of structure-borne noise reducing material

Regulation of the fan by thermostat

Reduction of engine air intake noise

Switch-over to turbo-charged engines

Silencers for air compression outlet noise

Improvements of brakes for reduction of brake squeal

Improved aerodynamics

Improvement of gear boxes, damped propeller shafts and improved rea_r__aggle__tra_n_s_m_i_ssion

Encapsulation of entire engines or especially noisy parts of them

Optimization of exhaust silencers (outlet as well as mantle emission), e.g. increased volume

Introduction of more than one silencer, and optimization of pipes around the silencer

   nef laszmeasuresa
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Regarding tires, so far a certain selection of tires has been made in order to avoid
such designs which make too much noise during the extreme vehicle acceleration

conditions which occur when conducting measurements in accordance with ISO 362 or

similar tests. Tire manufacturers have made efforts to avoid tonal noise from tire tread

patterns by randomizing the patterns (although this technique has been used more or
less successfully for decades).

Much of the efforts in the 70's and the early 80's concentrated on improved exhaust

systems. That this is the case appears from the investigation by [Friberg & Norberg,
1989] which is summarized at the top of Table 1. One can see that, although the

reduction at a far-side position is very little, if any, the reduction in noise at the exhaust

system is quite big.

CHANGES IN VEHICLE NOISE EMISSION LEVELS

The Working Party has identified several studies which may give an input to the

question of whether and how much vehicle noise has changed over the past 25 years.

The majority of them come from Germany and the Scandinavian countries. Since several
of these studies have not been internationally reported, some WP members have made

summary papers. In this limited space it is impossible to present all studies and,

therefore, two tables summarizing the data in a systematic way have been produced by

the author which are included here.

Nevertheless, a few of the major studies are illustrated by figures in the following.
First, Fig. 2 shows part of the results from the German study by [FIGE, 1994] for
constant-speed driving in urban areas, i.e. at rather low speed.
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A study in Denmark and Sweden by [Kragh, 1994] is presented in Fig. 3 (6 out of 8

points there are from Denmark, the other two from Sweden). This figure is based on the
combination of "heavies" of 20 % two-axle trucks/buses and 80 % multi-axle trucks.



5

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Sandberg

Table 1. Summary of experimental data re. influence of time and regulations on vehicle
noise emission. The noise change is the difference in vehicle noise between

the beginning of the time period covered and the end of it. For highway driving
conditions, see Table 2. Regarding origin of study, see the reference list. By

"heavies" is meant all heavy vehicles, S = small, M = medium, H = heavy.

Origin of study Type of Time Type of Noise Data Notes
(author, driving (const period vehicle change base
country and speed, accel. studied with time extent
year of publ.) or mixed) in dB(A)

Friberg et al Measur. near 1967/76- Trucks (S) - (3-4) Large Trucks in service

(8) 1989 exhaust pipe 1983/86 Trucks (M) - 1 Large measured at standstill

yr model Trucks (H) - 4 Large

Friberg et al Measur. near 1967/76- Trucks (S) - (2-3) Large Trucks in service

(S) 1989 the engine 1983/86 Trucks (M) - 1 Large measured at standstill

yr model Trucks (H) - 1 Large

Friberg et al Measur. 7 m 1967/76- Trucks (S) - (1-2) Large Trucks in service

(S) 1989 to the side of 1983/86 Trucks (M) 3: 0 Large measured at standstill

the truck yr model Trucks (H) :I: 0 Large

deVeer/Ullrich Type testing 1965/69- Cars - 4 Large

(D) 1991 z ISO 362 -1987/88

deVeer/Ullrich Type testing 1965/69- Trucks - 2 Large But - 3 dB from

(D) 1991 z ISO 362 -1985/87 1977/81 to 1985/87

Stenschke (D) Type testing 1983-91 Cars -1 Large Median car (50 perctl)

1993 z ISO 362 yr model Cars -2.5 Large Noise at 5th percentile
Berge (N) Type testing 1972-92 Cars - 8 Large *Incl. assumed effect

1993 z ISO 362 1971-91 Trucks (H) - 3 (-7*) Large of meas.meth. change_

Liedholm et al Type testing 1971/74- Cars - 1 Large Compares before/after

(S) 1980 z ISO 362 1978/79 Swedish noise limits

OECD (NL) Type testing 1971/73 Cars - 1 Large Compares before/after

1980 z ISO 362 1976/77 Dutch noise limits

Kragh (DK) Urban, accel. 1978-91 Trucks (H) - 2 Large Heavy trucks taken

1993 (z ISO 362) from actual traffic

deVeer/Ullrich Urban, accel. 1975-90 Cars - 2 Large Driving uphill at 25-70

(D) 1991 loaded Trucks - 1 Large km/h

engine

FIGE (D) Urban, accel. 1978-92 Cars - 1 Large

1994 Buses :l: 0 Large

Trucks - (Z-QL Large Depends on size

Yamashita et Urban, accel. 77/79-82 Cars - (2-3) Large For vehicles meeting

al (JPN) 1993 79-84/85 Trucks - (2-3) Large standards of resp year

Sharp (USA) Urban, accel. 1973-73 Trucks - 2 Large Compares non-regul.

1974 vs. regulated state

Sandberg (S) Urban, accel. 1991-96 Trucks - (2-3) Small Compares before/after

1992 new Direct 92/97/EEC

Maurin (F) Mixed, urban 1976/79- Cars - (0-1) Large May the road surfaces

1993 -1987 explain lack of effect?

FIGE (D) Mixed urban 1965-80 Cars - 3 Large Noise as function of
1986 1970-80 Cars - 2 Large car registr. year
Lawrence Mixed urban, 1975/78- Cars - 0.3 Med.

(AU) 1993 mainly const. -1984/85 Heavies - 0.5 + 1 Med. Depends on size

FIGE (D) Urban, 1978-92 Cars - 1.5 Large

1994 constant spd. Buses - 4 Large
Trucks - (1 -5) Large Depends on size      
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Origin of study Type of Time Type of Noise Data Notes

(author, driving (const period vehicle change base

country and speed, accel. studied with time extent

year of publ.) or mixed) in dB(A)

FlGE (D) Highway, 1983-92 Trucks :l: 0 Large
1994 accel.

FIGE (D) Highway, 1986-92 Cars + 0.5 Large
1994 constant spd. Buses 1: 0 Large

Trucks - 1 Large

deVeer/Ullrich Highway 1972-88 Cars 1: 0 Large 120 km/h
(D) 1991 constant spd.

Sandberg (S) Highway, 1974- Cars + (1-2) Large
1989 constant spd. -1982/88 Heavies t 0 Med.

Maurin (F) Highway, 1976/79- Cars - 3 Large May the road surfaces

1993 constant spd. -1987 explain the big effect?

Kragh (DK) Highway 1972-93 Cars 1: 0 Large
1993 constant spd. Heavies - 0.5 Large
Yamashita et Highway 1979-85 Cars :l: 0 Large For vehicles meeting

al (JPN) 1993 constant spd. 1979-82 Trucks (H) - (1-2) Large standards of reg year

Tachibana Highway 1978-93 Cars - (1 -2) Large Sound power meas. in

(JPN) 1994 constant spd. Heavies - (4-5) Large tunnel (diff. -78 & -93)

Wayson&Ogle Highway 1974- Cars + 2 Large Effect might also be
(USA) 1993 constant spd. 1985/92 Trucks (M) -2 + 1 Large due (?) to different

Trucks (H) - Q-3) Large vehicles in diff. states

Sharp (USA) Highway 1965-73 Trucks - 2 Large Compares before/after

1974 constant spd. Californian truck limits

Sandberg (S) Highway, 1991-96 Trucks - (0-1) Small Compares before/after

1992 constant spd . new Direct 92/97/EEC

Stehno (A) Highway 1992-92 Trucks (H) - 2 Small Compare trucks meet.

1992 constant spd. 80 vs 84/88 dBA limits

90 Fig. 3. Vehicle popu-
. . ' Iation mean noise

__ o o .*o Heavy levels for light and
% , 0 * heavy vehicles, as

' 85 Light measured in different
' years. Data collected

g in Denmark and in
8 _ Sweden. The noise
u.i 80 .. levels are or have
5 - A been re-calculated to

Å A single-event equiva-
A * AA lent levels normalized

75 I I . * , to 1 s (at 80 km/h).

70 75 80 85 90 95
Measured Year 19-  
 

A Japanese study [Yamashita & Tachibana, 1993] is illustrated in the two parts of
Fig. 4. It shows the vehicle noise level measured at 20, 40, 60 and 100 m after a stop-
light. From their start, vehicles accelerate gradually less and have a higher speed when
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driving towards the right part of each figure. The open circles denote cars/trucks meeting

noise standards of 1979 and the filled circles standards of 1982 (cars) or 1985 (trucks).
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Fig. 4. Sound power level (maximum) measured on accelerating vehicles at different
distances from a stoplight. Cars in the left part and heavy trucks in the right part of

the figure.

There are certain problems with studies of these types. The most significant of them

is the possible influence of different road surfaces for different measurements. Although

it has been an ambition here to use data where the type of road surface is the same

(generally a rather smooth dense-graded asphalt) when comparing data from various

times, surfaces within the type do give different noise levels. Such errors may amount to

up to 2 dBA in the study here, according the author's judgement, unless the problem is

emphasized particularly, in which case perhaps even more influence may have occurred.

The road surface effects should, however, even out when considering such a wide range
of investigations as here, but they may explain some of the otherwise strange variations

in results of Tables 1-2. Other types of errors are the possibility of slight variations in

measuring method from time to time and of influencing acoustical reflections or

absorptions.

The remaining part of this chapter is an attempt to make a synthesis of the results of

Tables 1-2 above.

Acceleration according to type testing, for cars: The introduction of a noise limit

in Europe seems to have reduced mean type approval levels by m dBA. Overall,

measured changes have in fact well amounted to the nominal tightening of limits.

Acceleration according to type testing, for heavy vehicles: The first European

limit was too liberal to give any measured change. The next steps, however, seem to

have reduced the measured population mean by 50-80 % of the nominal changes.

Acceleration in urban actual traffic, for cars: Measured changes seem to have

been 20-70 % of the nominal limit changes, with the major effect first when limits were

reduced below 80 dBA.

Acceleration in urban actual traffic, for heavy vehicles: The first limits had some

effect only in USA, where they were then more stringent. ln Japan, when the limits came

down from 89 to 86 dBA they were reasonably efficient. ln Europe, on the other hand,

the effect has been much lower than the changes in requirements, but most noticeable

after 1985. For example, between 1970 and 1992 the change in requirements, incl. effect

of change in measuring method, has been 11 dBA whereas the best recorded effect has

been 4 dBA. The effects, however, may have been masked by remaining older vehicles.

Constant low speeds in urban traffic, for cars: The effect is far less than the

change in requirements and in type approval levels (less than z1/3).
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Constant low speeds in urban traffic, for heavy vehicles: The effects in Germany

were fairly good (not worse than for acceleration); however, the use of lower engine
speeds (rpm) due to energy saving demands may have been beneficial.

Constant (medium or high) speeds in highway conditions, for cars: The effects

range from +2 to -3 dBA. Differences may be due to different road surfaces? Overall,

there seems to have been no direct benefit from the lower limits.
Constant (medium or high) speeds in highway conditions, for heavy vehicles:

The effects range from 0 to -2 dBA in most cases. Overall, there seems to have been just
a (very) slight improvement. The exception is the most recent Japanese measurements
(-4-5 dBA between 1978 and 1993) but these are the only ones where the 84 dBA
(heavy) trucks should dominate the fleet. It may be that it took a limit of 84 dBA to get
any significant effects?

There are indications that the Japanese experiences are more positive than the

others and it is striking that Japan has a measuring method which is modified from ISO

362 but more representative of actual traffic than in Europe and Australia, for example. ln

fact, it has been a general observation in this study that noise emission during type
approval based on ISO 362 correlates poorly with noise emission in actual traffic.

EFFECTIVENESS OF PLANNED LOWERING OF VEHICLE NOISE EMISSION LIMITS

The results of [Sandberg, 1992] and [Stehno, 1992] in Tables 1-2, indicate that the

effect of decreasing the limits for the heaviest trucks from 84 to 80 dBA will be negligible

at highway speeds but around 3 dBA during low-speed accelerations.

For cars, [Berge, 1994] has pointed out that most cars already in 1993 met the

projected limit of 74 dBA. Similar observations have been made in Germany [FIGE,
1994]. However, there is no published study which quantifies this effect in actual traffic.

A Nordic group of vehicle noise experts has estimated the effect of the future

tightening of limits, see [Kragh & Sandberg, 1994]. It concluded that, provided Directive

92/97/EEC is enforced in 1995/96 but "nothing else is done", for interrupted-flow traffic,

noise levels will reduce by the year 2010 by approx. 1 dBA for light and 2-3 dBA for

heavy vehicles as compared to the "base year" 1990. For high-speed traffic, noise levels

were predicted to remain the same by the year 2010 as in 1990 in such a scenario.
Provided this will happen as a "steady-state, final condition", then the total effect of

the introduction of the noise limits and tightening down to 74 dBA for cars and 80 dBA for

trucks, which have meant approx. 8 dBA of (theoretical) reduction for cars and approx.

15 dBA for the heaviest trucks, will result in noise reduction in actual low-speed traffic of
around 4 dBA for cars (50 % of the theoretical) and around 7 dBA for the heaviest trucks

(in fact also around 50 % of the theoretical). For constant-speed traffic on highways, the
effect has been and will be negligible for cars and perhaps at most 2-5 dBA for trucks.

INDOOR NOISE LEVELS

Changes in indoor noise levels will differ from the outdoor levels close to the road, as
a result of three major mechanisms:

(1) Sound transmission through facades/windows will alter the frequency spectrum

so that indoor noise will be more dominated by low frequencies.

(2) Sound propagation from source to buildings may be somewhat affected in its

frequency spectrum; in principle towards more weight on low frequencies
(3) If source heights have changed with time or regulations, then noise screens

and/or ground attenuation may have become more or less efficient.
Tire/road noise has relatively small contributions at low frequencies, and when low

frequencies are emphasized it is then likely that the net effect is closer to that of power
unit noise reductions, i.e. mechanism No. (1) above should have made the regulations

more effective indoors than outdoors. Unfortunately, there is an effect acting in the other

direction, which is due to the low frequencies coming from exhaust systems. Some
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limited data [FIG-E, 1994] have suggested that although exhaust systems as a whole
have become much more effective, this improvement has mainly acted at medium and
high frequencies which influence A-weighted values. If low-frequency noise is empha-

sized, as is the case indoors, then the effect indoors may have become more limited.
Without access to generalized vehicle noise frequency spectra as a function of time or

regulations, it is impossible to quantify these effects to see which one that is dominating.

Mechanism No. (2) above acts in the same direction as No. (1). Regarding

Mechanism No. (3), it is likely that source heights have been lowered through the years,

since exhaust noise has become less important and tire/road noise more important. The

latter will absolutely have been a benefit to noise reduction. However, this WP has not

been able to find any comparable experiments to quantify this.

MAXIMUM NOISE LEVELS

It is not clear what is meant by "maximum noise levels", but assuming that these are

the levels which may cause awakening during night-time, then the following can be said.

The maximum levels are determined by the most noisy light vehicles, which is a relatively

small proportion of all light vehicles, and a majority of the heavy vehicles. Thus, we shall

study the few "worst" cases of noisy cars (say the 5 % noisiest) and all the heaviest
vehicles. It is rather apparent from the data collected, that such levels have been

reduced more than the population means treated above. For example, in Fig. 15 of

[Sandberg et al, 1993], it appeared that the 5 % noisiest vehicles were reduced in noise

level at least twice as many decibels as the median vehicle. The limits will remove the

worst cases and make the noise level distributions more narrow, mostly compressing the

"high side".

WHY THIS POOR EFFECTIVENESS OF THE REGULATIONS?

The reasons for the relatively poor effectiveness of the regulations are assumed to

be a combination of rather liberal limits in the first years (too few vehicles were eliminated

or had to be improved), slow exchange of old to new vehicles, general counteracting

trend towards bigger and more powerful vehicles, a lack of realism and representativity of

driving conditions in the measuring methods and, finally but not the least, a lower floor to

achievable overall noise reductions caused by tire/road noise.

CONCLUSIONS

The effect of the noise emission regulations measured in actual traffic seems to be

limited. For accelerating traffic, roughly half of the nominal changes in noise

requirements have been recorded as, or are predicted to become, a reduction of
individual vehicle pass-by noise in actual traffic streams. For traffic at constant speeds,

there has been no significant improvement at all resulting from the regulations for cars

and just a slight improvement for heavy vehicles. Tire/road noise has limited all

improvements. However, there are indications that the regulations have had more

positive effects which are not immediately obvious, such as decreased source height and

maximum levels being more reduced than vehicle population means. Furthermore, had

no noise regulations existed, then it is likely that noise levels would have increased

rather than decreased!

It is clear that a better measuring method to take care of power unit noise of vehicles
needs to be developed. lt also appears that future regulations must take tire/road noise

into proper account by separate limits. The work of WP-NERV has shown that it is very

important to monitor the effect of regulations, in order that poor effectiveness and other

problems be identified at such an early stage that corrective actions can be taken. Had

this been done, one would much earlier have realized that the present regulations must

be supplemented with a limitation directed towards the tire/road system and that the
measuring method, based on !80 362, must be replaced by a better one. The main

lesson is: Monitor and evaluate regularly the effect of new noise legislative actions!
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