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INTRODUCTION

As urban areas continually expand, a large percentage of
high volume, high speed roadways are located within metro-
politan areas, resulting in a great number of people being
exposed to high levels of roadway noise. Controlling this
noise is often a required part of highway construction or
suburban expansion. Although the perception of unwanted
sound varies from individual to individual and from one
activity to another, objective criteria have been established to
help designers determine when noise abate-

Concrete masonry construction successfully fillsall of the
requirements for effective sound barrier walls, providing excel-
lent noise insulation and a wide choice of aesthetic styles,
excellent stability, strength, durability, and low maintenance.
These benefits are well recognized; concrete masonry sound
barriers represent over five times the wall area than the next
popular choice, wood post and plank (ref. 5).

This TEK covers acoustic requirements for concrete ma-

ment is required, and the levels of noise

reduction that will relieve the problem.
Noise abatement measures should be in-

dividually evaluated for each project, based

Description of Activity Category

Table 1-FHWA Noise Abatement Criteria(NAC)2® (ref. 6),
A-Weighted Sound Levels (dBA) when Abatement Must Be Considered
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on the project’s noise reduction goal and
budget, the community needs, and longer-
term maintenance and durability issues. Al-
ternatives for reducing traffic noise include:

1. land use planning: separating noise-
sensitive uses from highways,

2. controlling noise at the source: such
as by reducing speed limits or prohib-
iting truck traffic, and

3. attenuating noise by modifying the
horizontal or vertical alignment of
the highway, using larger right-of-ways,
or shielding the noise with a barrier.

Sound barriersare solid obstructions built

between the noise source and the receiver - | ,
they are often chosen as the most expedient
and effective method to reduce highway traf-

A. Lands on which quiet is of extraordinary 57 60
significance and serves an important public
need, and where the preservation of those
qualities is essential if the area is to
continue to serve its intended purpose.

B. Picnic areas, recreation areas, playgrounds, 67 70
parks, residences, hotels, schools, churches,
libraries, and hospitals.

C. Developed lands, properties, or activities 72 75
not included in categories A and B above.

D. Undeveloped land. - -

E Residences, hotels, public meeting rooms, 52 55
schools, churches, libraries, hospitals,
and auditoriums.

(exterior)? | (exterior)

(exterior)® | (exterior)®

(exterior)®

(exterior)®

(interior)® (interior)®

These sound levels are only to be used to determine the impact. These are the absolute
levels where abatement must be considered. Noise abatement should be designed to
achieve substantial noise reduction - not the noise abatement criteria.

fic noise. Although earth berms can act as | ® Only one of the criteria L (1) or L,,(1) need to be satisfied on a project, not both.

sound barriers, solid walls are more often
used. An effective barrier can significantly
reduce the level of unwanted noise, while
providing an attractive durable element in the
community.

¢ The equivalent steady-state sound level which contains the same acoustic energy as
a time varying sound during one hour of exposure.

¢ The sound level that is exceeded 10% of the time for a one hour period.

¢ describes where the sound measurement istaken, i.e., either on the exterior of the wall,
orthe interior
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Figure 1—Recommended Minimum Distance Between Parallel Barriersto Avoid Amplification by Reflected Noise
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sonry highway sound barriers. For structural design consider-
ations, the reader is referred to Concrete Masonry Cantile-
vered Highway Noise Barrier Walls and Pier and Panel
Highway Sound Barrier Wall Design (refs. 3, 4).

NOISE REDUCTION REQUIREMENTS

The Federal Highway Administration (FHWA) publishes
two criteria for determining when highway noise abatement is
required. Values are expressed in dBA which is defined as a
time weighted average sound level when measured on the A-
scale of a standard sound meter at slow response. The two
criteriaare:

1. when predicted noise levels exceed FHWA'’s noise

abatement criteria (see Table 1), or

2. when predicted noise levels represent a substantial

increase over existing noise levels.

The term “substantial increase” is defined by state highway
agencies, but is most often taken asa 10 to 15 dBA increase in
noise levels (ref. 2). Once either one of these criteria triggers
the need for abatement considerations, the designer is re-
quired to provide a substantial reduction in noise levels,
typically definedasa5to 10dBA reduction (a10dBA reduction
will generally be perceived as halving the noise; a reduction
less than 5 dBA would probably not be noticeable).

The noise abatement criteria (NAC) in Table 1 are not
meant as a design goal nor to represent desirable noise levels.
If predicted levels exceed the NAC, abatement measures
must be taken to reduce the predicted level by 5to 10 dBA, not
just to the level indicated in Table 1. Likewise, if predicted
noise levels are 15 dBA above current levels, noise abate-
ment must be considered even if the predicted level is
below the NAC.

BARRIERS FOR NOISE REDUCTION

Total noise reduction by a barrier is commonly referred
to as insertion loss. Simply defined, insertion loss is the
difference in sound level before and after a barrier is placed
next to a highway.

Insertion loss has five components:

1. barrier attenuation due to the diffraction of sound

waves over and around a barrier placed in the line-of-
sight between the source and receiver,

2. transmission loss of sound through the barrier,

3. reductions in barrier attenuation resulting from mul-
tiple reflections caused by double barriers,

4. shielding attenuation from other barriers between the
source and the receiver, and

5. loss of excess attenuation already received from soft
ground cover.

For most highway applications, the first two of these

components are by far the most significant.

Barrier Attenuation

Barrier attenuation due to sound wave diffraction is con-
trolled by designing the barrier to be both tall enough and long
enough to adequately shield the receiver. The noise barrier
should be tall enough to break the line of sight between the
highway and the receiver — noise barriers adjacent to the
highway do very little for homes on a hillside overlooking that
highway. Sound travelling around the ends of sound barriers
can degrade the barrier performance. To avoid these end
effects, one rule of thumb is to extend the barrier four times as
far in each direction as the distance from the receiver to the
barrier. If this is not possible, the sound barrier can often be
combined with the natural terrain, such as knolls. Another
alternative is to provide returns on the ends of the barrier back
towards the community to reduce the noise level near the end
of the barrier.

Barrier Physical Characteristics

Transmission loss through the barrier is controlled
by the barrier material (see next section) and by eliminat-
ing holes and other openings in the barrier. FHWA and the
American Association of State Highway and Transporta-
tion Officials (AASHTO) both recommend that the trans-
mission loss be at least 10 dBA above the attenuation
resulting from diffraction over the top of the barrier
(refs. 1, 2).

Barrier insertion loss can be compromised if there
are holes or openings in the barrier. For large openings,
sound energy incident on the barrier will be directly
transmitted through the opening to the receiver. When
the opening is small, an additional phenomenon occurs:
upon striking the barrier wall, the sound pressure can
increase, effectively amplifying the transmitted sound.
Maintenance openings and doorways can be placed be-



hind a baffle or recessed wall area to minimize the effect of
the opening. When sound walls terminate at an earth berm,
care should be taken to ensure that there are no gaps
between the wall and berm.

Barrier location also impacts effectiveness. Foragiven
barrier height, moving the wall closer to the receiver, or
closertothe source, will provide additional noise reduction
(ref. 1). Barriers placed on hilly terrain above the highway
can typically be shorter and still provide the same noise
reduction as a taller barrier placed closer to the highway.

Changes in wall height impact the barrier’s acoustic per-
formance. Abrupt height changes of 2 ft (0.61 m) or more can
significantly reduce effectiveness. A better alternative is to
gradually step the height down to the lower level. This is
particularly easy to accomplish with concrete masonry, as the
modular size facilitates such changes.

mission loss values are usually more than adequate. For less
massive materials, such as steel, aluminum, and wood, trans-
mission loss values may not be adequate, especially where
large insertion losses are required. Typical TL values for
common materials are given in Table 2.

Under certain conditions, vegetation can provide sound
attenuation. AASHTO suggests that vegetation at least 15 ft
(4.5 m) tall, and 98 ft (30 m) deep with sufficient density to
completely block the line of sight can achieve a noise reduc-
tion of up to approximately 5 dBA (ref. 1). However, since it
is usually impossible to plant enough vegetation to achieve a
substantial noise reduction, the FHWA does not consider
vegetation to be a noise abatement measure (ref. 2).
Vegetation can, however, provide visual interest and re-
lief, thus providing a psychological benefit, if notan acous-
tic one.

Barrier Reflection

Recent research has clarified the impact of acous-
tic reflections, particularly between two parallel barri-
ers,andinthe case where abarrierisplaced ononly one
side of the highway. In theory, multiple noise reflec-
tions between two parallel walls can reduce the effec-

Table 2—Transmission Loss Values of
Common Barrier Materials (ref. 7)

tiveness of the individual barriers and contribute to
overall noise levels. To avoid reducing the perfor-
mance of parallel barriers, it is suggested that the ratio
of the distance between barriers to the average height
of barrier above the roadway be at least 10:1 (see Figure

Material Thickness TL?
in. (mm) (dBA)
Concrete, Masonry, etc.
Light Weight Concrete 4(102) 36
6(152) 39
Dense Concrete 4(102) 40
Concrete Block 4(102) 32
6(152) 36

1). In these cases, measured increases in noise levels

Woods

due to reflected noise have been below the threshold Fir 1, -2 (13 - 51) 17 -24
of normal human hearing (ref. 1). Pine ,-2(13-51) 16 -23

Similarly, whenabarrier is constructed ononly one Redwood 1,-2(13-51) 16 - 23
side of the highway, highway noise levels on the Cedar Y,-2(13-51) 15-22
opposite side of the highway are not significantly Plywood Y,-1(13-25) 20-23
affected. Measurements made to try to quantify the Particle Board 1, (13) 20
increase in noise level have shown maximum in- Metals
creases of 1 to 2 dBA, an increase not detectable to Aluminum Y-y (1.5-6) 23-27
the average human ear (ref. 2). Steel 24 ga. - 16 ga. 18 - 25

Lead Y16 (1.5) 28

Barrier Types Composites

Many types of materials are used to construct Aluminum-Faced Plywood® %, (19) 21-23
highway noise barriers. For maximum performance, Aluminum-Faced Particle Board® % (19) 21-23
however, the material should be rigid and of suffi- Plastic Lamina on Plywood *la (19) 21-23
cient density to provide a transmission loss of 10 Plastic Lamina on Particle Board % (19) 21-23
dBA greater than the expected reduction in noise due Miscellaneous
to diffraction over the top of the barrier alone (ref. 2). Glass (Safety Glass) "2 (6) 22
The preferred method of rating a material’s ability to Rigid Plastic (Shatterproof) — 22-25
transmit noise is by the transmission loss (TL), which Masonite _ 2 (13) 20
is related to the ratio of incident acoustical energy to Fiber Glass/Resin a (6) 20
transmitted acoustical energy. For highway noise Stucco on Metal Lath 1 (25) 32

Polyester with Aggregate Surface® 3 (76) 20-30

sources and their typical sound spectral content, the
transmission loss of common barrier materials
increases with increasing surface weight of the
material.

For many common heavyweight materialsusedin
barrier construction, such as concrete masonry, trans-

@ A-weighted TL based on generalized truck sound spectrum.

® Aluminum is 0.01 in. thick. Special care is necessary to avoid
delamination (for all composites).

¢ TL depends on surface density of the aggregate.
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