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Section 5
Noise Barrier Design Considerations

The primary function of highway noise barriers is to shield receivers from
excessive noise generated by highway traffic. Although there are other
strategies for attenuating transportation-related noise, noise barriers are the
most common noise attenuation option used by Caltrans.

Many factors need to be considered in the proper design of noise barriers.
First, barriers must be acoustically adequate. They must reduce the noise
as described by policies or standards. Acoustical design considerations
include barrier material, locations, dimensions, shapes, and background
noise levels. Acoustical considerations, however, are not the only factors
leading to proper design of noise barriers.

A second set of design considerations, collectively labeled non-acoustical
design considerations, is equally important. Noise barriers can have
secondary effects related to security in surrounding areas, aesthetics,
community continuity, and other non-acoustical factors. With appropriate
planning and design these potential effects from noise barriers can be
reduced or avoided.

The current edition of the Highway Design Manual Chapter 1100 should
be consulted for specific noise barrier design criteria. Because these may
change in the future, the discussion in this section will focus on general
applications and consequences of the design criteria, not on the criteria
themselves. The Caltrans Headquarters Division of Environmental
Analysis should be consulted for the latest status.

The acoustical and non-acoustical design considerations in this section

conform to the FHWA Highway Noise Barrier Design Handbook (Fleming
etal. 2011).

5.1 Acoustical Design Considerations

The FHWA TNM described in Section 4 is used for determining proper
heights and lengths of noise barriers. The models assume that the noise

Technical Noise Supplement Page 5-1
September 2013



California Department of Transportation Noise Barrier Design Considerations

barriers do not transmit any sound through the barrier. Only the noise
diffracted by the barrier and any unshielded segments are considered.
Therefore, the material of the barrier must be sufficiently dense or thick to
ensure that the sound transmission through the barrier will not contribute
to the total noise level calculated by the model at the receiver.

The material, location, dimensions, and shape of a noise barrier all affect
its acoustical performance. The various effects associated with these
factors are discussed in Sections 2 and 4.5.

Figure 5-1 is a simplified sketch showing what happens to vehicle noise
when a noise barrier is placed between the source and receiver. The
original straight path from the source to receiver is now interrupted by the
barrier. Depending on the barrier material and surface treatment, a portion
of the original noise energy is reflected or scattered back toward the
source. Another portion is absorbed by the material of the barrier, and
another is transmitted through the barrier. The reflected (scattered) and
absorbed noise paths never reach the receiver.

The transmitted noise continues on to the receiver with a loss of acoustical
energy (redirected and some converted into heat). The common logarithm
of energy ratios of the noise in front of the barrier and behind the barrier,
expressed in decibels, is the TL. The TL of a barrier depends on the barrier
material, primarily its weight, and the frequency spectrum of the noise
source.

The transmitted noise is not the only noise from the source reaching the
receiver. The straight line noise path from the source to the top of the
barrier, originally destined in the direction of “A” without the barrier, now
is diffracted downward toward the receiver (Figure 5-2). This process also
results in a loss of acoustical energy.

Therefore, the receiver is exposed to both the transmitted and diffracted
noise. Whereas the transmitted noise only depends on barrier material
properties, the diffracted noise depends on the location, shape, and
dimensions of the barrier. These factors will be discussed in the following
sections.
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Figure 5-1. Alteration of Noise Paths by a Noise Barrier

Diffracted Path
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Figure 5-2. Barrier Diffraction

511 Barrier Material and Transmission Loss

For acoustical purposes, any material may be used for a barrier between a
noise source and a noise receiver as long as it has a TL of at least 10 dBA
more than the desired noise reduction. This ensures that the only noise
path to be considered in the acoustical design of a noise barrier is the
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diffracted noise path. For example, if a noise barrier is designed to reduce
the noise level at a receiver by 8 dBA, the TL of the barrier must be at
least 18 dBA. The transmitted noise may then be ignored because the
diffracted noise is at least 10 dBA more.

As a general rule, any material weighing 4 pounds per square foot or more
has a transmission loss of at least 20 dBA. Such material would be
adequate for a noise reduction of at least 10 dBA due to diffraction. Please
note that this weight can be attained by a variety of material types. The
denser a material is, the thinner it may be. TL also depends on the stiffness
of the barrier material and frequency of the source.

In general the maximum noise reduction that can be achieved from a
barrier is about 20 dBA for thin screens (walls) and 23 dBA for berms.
Therefore, a material that has a TL of 33 dBA (23 + 10) or more would be
adequate for a noise barrier in most situations.

Table 5-1 gives approximate TL values for some common materials,
tested for typical A-weighted traffic frequency spectra. They may be used
as a rough guide in acoustical design of noise barriers. For accurate values,
material test reports by accredited laboratories should be consulted. These
product specifications can usually be provided by the manufacturer.

Table 5-1. Approximate Transmission Loss Values for Common Materials

Thickness Weight (Pounds  Transmission
Material (Inches) per Square Foot) Loss (dBA)
Concrete block, 8 by 8 by 16 inches, light weight 8 31 34
Dense concrete 4 50 40
Light concrete 6 50 39
Light concrete 4 33 36
Steel, 18 gage 0.050 2.00 25
Steel, 20 gage 0.0375 1.50 22
Steel, 22 gage 0.0312 1.25 20
Steel, 24 gage 0.025 1.00 18
Aluminum, sheet 0.0625 0.9 23
Aluminum, sheet 0.125 1.8 25
Aluminum, sheet 0.25 35 27
Wood, fir 0.5 1.7 18
Wood, fir 1 3.3 21
Wood, fir 2 6.7 24
Page 5-4 Technical Noise Supplement
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Material

Thickness Weight (Pounds  Transmission
(Inches) per Square Foot) Loss (dBA)

Plywood
Plywood
Glass, safety
Plexiglas

0.5 1.7 20
1 33 23
0.125 1.6 22
0.25 1.5 22

Table 5-1 assumes no openings or gaps in the barrier material. However,
some materials such as wood are prone to develop openings or gaps
because of shrinkage, warping, splitting, or weathering. These openings
decrease the TL values. The TL of a barrier material with openings can be
calculated if the ratio of area of openings to total barrier area and TL of
the material are known. The following formula can be used to calculate
the transmission loss with the openings (TL,):

TL,=TL — 10log;o(A, * 10™' + A,) (5-1)

Where:

TL, = transmission loss of material with openings

TL = transmission loss of material without openings

A, = area of openings as a fraction of the total area of the barrier

A. = area of closed portion as a fraction of the total area of the barrier = 1 — A,

This method of calculation assumes that the openings or gaps are
distributed uniformly over the surface of a barrier. For example, a barrier
made of 2-inch-thick fir planks has openings that make up about 5% of the
total area and are about equally distributed. The transmission loss of the
material with these gaps can then be determined. From Table 5-1, the TL
for 2-inch fir 1s 24 dBA. A, 1s 5%, or 0.05; A.1s 1 —0.05=0.95.
Therefore:

TL, = 24 — 10l0g;5(0.05 * 10>* + 0.95) = 12.7, or about 13 dBA

The reduced TL could affect the barrier’s performance. For example, it is
assumed that before the barrier the noise level was 75 dBA and the
intention was to reduce noise levels by 10 dBA (i.e., the diffracted noise
was to be 65 dBA, and the transmitted noise was to be 75 —24 =51 dBA).
The total noise level would have been 65 + 51 = 65 dBA. With the gaps,
however, the transmitted noise is now 75 — 13 = 62 dBA, and the total
noise level is 65 + 62 = 66.8 dBA. The effectiveness of the barrier is
reduced by almost 2 dBA. Instead of a designed noise reduction of

10 dBA, an actual noise reduction of only 8 dBA will be realized in this
case.
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5.1.2

Properly treated materials will reduce or eliminate noise leakage. For
example, lumber should be treated with preservatives that provide proper
penetration and do not interfere with any protective coatings (e.g., paint)
to be applied later. The wood also should have a low moisture content,
requiring kiln drying after waterborne preservatives have been used. Wood
planks should have tongue-and-groove deep enough to allow for shrinkage
without gaps to maintain a high TL. Such tongue-and-groove is usually
non-standard.

Several other ratings are used to express the ability of materials in specific
construction configurations to resist sound transmission. Two of these are
the Sound Transmission Class (STC) and Exterior Wall Noise Rating
(EWNR). Both are most often used in conjunction with indoor acoustics.

STC is universally accepted by architects and engineers. The rating uses a
standard contour against which the TL values in one-third-octave bands
are compared in the frequency range between 125 and 4,000 Hz. The
standard contour is moved up or down relative to the test curve until the
sum of the differences between them is 32 dB or less, and the maximum
difference at each one-third-octave center frequency is no more than 8 dB.
The STC is the TL value of the standard contour at the 500-Hz center
frequency.

The disadvantage of this rating scheme is that it is designed to rate noise
reductions in frequencies of normal office and speech noises, not for the
lower frequencies of highway traffic noise. The STC can still be used as a
rough guide, but it should be pointed out that for frequencies of average
traffic conditions, the STC is 5 to 10 dBA more than the TL. For example,
material with an STC rating of 35 has a TL of about 25 to 30 dBA for
traffic noise.

The EWNR rating scheme is different from the STC in that it uses a
standard contour developed from typical highway noise frequencies.
Therefore, it agrees closely with the A-weighted TL for traffic noise. The
FHWA Highway Traffic Noise: Analysis and Abatement Guidance
(Federal Highway Administration 2011) provides further useful
information for calculating outdoor to indoor traffic noise reductions.

Barrier Location

The previous section indicated that by selecting materials with sufficient
TL, noise transmitted through a barrier may be ignored because its
contribution to the total noise level is negligible. The only remaining noise
of concern is diffracted noise. Sections 2 and 4 discuss the basics of
diffraction and barrier attenuation. The principal factor determining barrier
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attenuation is the Fresnel number, which is related to the path length
difference (PLD) between the original straight line path between the
source and receiver (source—receiver) and the diffracted path, described by
the source, to top of the barrier, to the receiver (source—top of barrier—
receiver). The greater this difference, the greater the barrier attenuation, to
a limit of 20 dB for walls and 23 dB for berms. Figure 5-3 shows the PLD
concept.

RECEIVER

SOURCE

Path Length Difference (PLD)=a+b-c

Figure 5-3. Path Length Difference

In level, at-grade roadway-receiver cross sections, a noise barrier of a
given height provides greater barrier attenuation when it is placed either
close to the source or close to the receiver. The least effective location
would be about halfway between the source and receiver. Figure 5-4
shows these situations for two source heights (autos and heavy trucks).
Location b gives the lowest barrier attenuations for a given barrier height.
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Barrier Attenuation:
Heavy Trucks (HT) 11 dBA
Autos 15 dBA
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Barrier Attenuation:
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Figure 5-4. Barrier Attenuation as a Function of Location (At-Grade Highway)—Barrier
Attenuation is Least When Barrier is Located Halfway between the Source and Receiver b;
the Best Locations are Near the Source a or Receiver ¢
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In depressed highway sections, the barrier is most effective near the
receiver on top of the cut (Figure 5-5). Please note that the without-barrier
path is generally not a straight path between the source and receiver. The
top of cut is already a fairly effective noise barrier. The PLD in this case is
the difference between the paths described by source—top of barrier—
receiver line, and source—top of cut-receiver line. The barrier attenuation
is then calculated from the difference in barrier attenuation provided by
the top of cut and top of the noise barrier.

SOURCE

top of cut

BARRIER RECEIVER
(at R/W) (shielded before
& after barrier)

Figure 5-5. Typical Barrier Location for Depressed Highways

Because the attenuation per incremental increase in barrier height
diminishes with the effective height of a barrier (see Section 5.1.3), this
difference may be small. Noise barriers at the top of depressed highway
sections are generally not very effective in reducing noise because the top-
of-cut of the cut section by itself may already be providing substantial
noise reduction.

The most effective location of noise barriers along highways on fills is on
top of the embankment (Figure 5-6). Any attempt to place the barrier
closer to the receivers will result in a higher barrier for the same or less
attenuation. The same is true for elevated highways on structures. The
most effective barrier location from an acoustical standpoint is on top of
the structure.
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The preceding discussions point out that the most acoustically effective
location for a noise barrier depends on the source-to-receiver geometry. In
most cases, the choices are fairly obvious. To recap the simplest
situations:

m  Highway at Grade: barrier location near the edge of shoulder or at the
right-of-way (barrier is close to the noise source).

m  Highway in Depressed Section: barrier at the right-of-way (barrier is
close to the receiver).

m  Elevated Highway on Embankment or Structure: barrier near edge
of shoulder (barrier is close to the noise source).

SOURCE

BARRIER
(at R/W)

RECEIVER 1 RECEIVER 2
(shielded before (unshielded before
& after barrier) & shielded after barrier)

Figure 5-6. Typical Barrier Location for Elevated Highways

In some cases, however, the choices are not as simple. In more complex
highway/receiver geometries, the best locations from an acoustical
standpoint may need to be determined by using TNM for several barrier
location alternatives.

Transitions between cuts and fills, ramps, and interchanges are some
examples of cases that need careful consideration. Figures 5-7 to 5-9 show
typical noise barrier locations in some of these transitional areas. Barrier
overlaps are often necessary in these cases (Figures 5-7 and 5-8).
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Figure 5-7. Barriers for Cut and Fill Transitions

One of the more common reasons for barrier overlaps is to provide
maintenance access to the areas within the right-of-way that are on the
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receiver side of noise barriers (Figure 5-7). This will be discussed in more
detail in the maintenance consideration portion of this section.

—— A
-~~~ FREEWAY
Off-Ra mp \
/ Barrier
Barrier \%
 eReEwAY I Barriers > A
o Off-
\‘uwRampI
Section A-A .

Figure 5-8. Barriers for Highway on Fill with Off-Ramp

Restrictions on lateral clearances, sight distances, and other safety
considerations may also dictate final noise barrier locations. The current
version of the Caltrans Highway Design Manual should always be
consulted before finalizing alternate noise barrier alignments.
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Figure 5-9. Barriers for Highway in Cut with Off-Ramp

5.1.3

Barrier Dimensions

Noise barrier dimensions depend largely on the freeway geometry,
topography of the surrounding terrain, location of the noise barrier, and
size of the area to be shielded by the barrier. Barrier attenuation depends
on the path length difference between the direct (before-barrier) and
diffracted (after-barrier) noise paths. Figure 5-3 reviews the concept.
Because the location of the bottom of the barrier is not part of the triangle,
the highway geometry and terrain topography determine how high the
barrier should be for a given barrier attenuation. Figure 5-10 illustrates this
concept.

Similarly, the length of the barrier is governed by the extent of the area to
be shielded and the site geometry and topography (Figure 5-11).
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Figure 5-10. Actual Noise Barrier Height Depends on Site Geometry and Terrain Topography
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Figure 5-11. Noise Barrier Length Depends on Size of the Area to be Shielded and Site

Geometry and Topography
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51.3.1 Height

Barrier height generally has the most direct influence on the effectiveness
of a noise barrier. Figure 5-3 reviews the PLD concept. An increase in
height of a noise barrier will result in a greater PLD and therefore greater
noise attenuation. This increase in noise attenuation is not linear with the
increase in height.

Figure 5-12 shows the barrier attenuation as a function of wall height at a
5-foot-high receiver, 50 feet behind a soundwall located along the right-
of-way of a typical urban at-grade eight-lane freeway. The traffic consists
of 10% heavy trucks, 5% medium trucks, and 85% autos. Attenuations are
plotted for wall heights from 6 to 16 feet, representing minimum and
maximum heights identified in the Caltrans Highway Design Manual
Chapter 1100. Also shown is the height at which the line of sight between
an 11.5-foot truck stack and a 5-foot-high receiver is intercepted by the
wall. For this particular highway/barrier/receiver geometry, the intercept
height is 9 feet and the associated attenuation is 7.5 dB.

ATTENUATION (dBA)

o,

o

A I Y I

|

|

. 8-Lane Urban Freeway, At-
Grade

Receiver 50 feet Behind the Wall
Wall at R/W Line

10% Heavy Trucks

5% Medium Trucks

85% Autos

T T T T T T T I T T T T TT TTTT]
5 10 15 20

WALL HEIGHT (ft)

Figure 5-12. Soundwall Attenuation vs. Height for At-Grade Freeway

Please note that in this case the change in attenuation per incremental
change in wall height is highest between wall heights of 9 and 11 feet, at
0.9 dBA per 1 foot. Above and below this range, the values are lower.
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Once the optimum height has been reached, any further increases in noise
barrier height results in diminishing returns in effectiveness. Higher
barriers are often necessary to meet design goals.

Noise barriers along depressed freeways are less effective than those along
at-grade freeways. In deep cuts, the receiver often is already effectively
shielded by the tops of cuts. In some cases, this top-of-cut shielding may
not reduce noise levels enough to satisfy barrier design criteria, and an
additional barrier behind the top of cut may be necessary to achieve
further noise reductions.

When designing such a barrier, the designer should recognize that the
without-barrier or before-barrier condition includes the shielding of the
existing top of cut. Because of the diminishing-returns effect, a barrier of a
given height along a depressed freeway will generally be less effective
than a barrier of the same height in an at-grade situation. The diminishing-
returns effect, however, is not the only factor to consider.

In general a berm is more effective in reducing noise than a wall of the
same height because of additional diffraction, ground absorption, and path
length effects. The top of cut associated with a depressed freeway
essentially acts like a berm in terms of noise attenuation. Figure 5-13
shows the barrier attenuation vs. height plots for a receiver 50 feet behind
a barrier located on the right-of-way of a typical urban eight-lane freeway
in a 25-foot-deep depressed section. The traffic mix is the same as that for
Figure 5-12, described above. Two attenuation curves are shown.

The upper curve represents attenuation differences between a wall (after-
construction condition) and the top of cut (before-construction condition)
in which the latter is treated as an existing wall. Such a condition would
exist if a soundwall were built on top of an existing retaining wall (i.e., the
top of cut would be the top of retaining wall).
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Figure 5-13. Soundwall Attenuation vs. Height for 25-Foot Depressed Freeway

Both the before and after conditions would then involve a wall. Likewise,
if the before-and-after-conditions consist of berms (built at or near the top
of cut), the upper curve also would be a correct representation. The lower
curve consists of attenuation differences between a soundwall and the
existing top of cut, with the latter treated as a berm. The additional 3-dBA
attenuation provided by the before condition is eliminated by the wall,
making it less effective.

A similar phenomenon may also be encountered when freeways are built
on embankments. Receivers located near the top of fill may be fully or
partially shielded from traffic by the top of fill or hinge point. For these
receivers, a wall built on top of the embankment may be less effective than
for receivers located farther from the freeway.

The above discussions illustrate the importance of noise source, barrier,
and receiver relationships in designing effective noise barriers. These
geometries not only affect the barrier attenuation, but also noise
propagation in many cases. Section 2.1.4 discusses hard- and soft-site
characteristics. The excess noise attenuation provided by a soft site is
caused by the noise path’s proximity to a noise-absorbing ground surface.
If a noise barrier is constructed between a source and receiver, the
diffracted noise path is lifted higher off the ground, causing less noise
absorption by the ground and a lower rate of noise attenuation with
distance. Figure 5-14 illustrates this concept.

In “a,” the before-barrier situation shows a noise attenuation rate of
4.5 dBA per doubling of distance. In “b,” the after-barrier attenuation is 3
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dBA per doubling of distance. The lower attenuation rate reduces the
barrier’s effectiveness.

-4.5 dBA/DD
4/
IH\ LY’ ..W(.n: M‘ il

SOURCE

“soft” site

RECEIVER

a) Before Barrier: Ground absorption (excess attenuation)

-3 dBA/DD

f
Upibial, m‘ Al T
. e Sl

SOURCE
RECEIVER sofishe

b) After Barrier: Barrier attenuation (no excess attenuation)

Figure 5-14. Loss of Soft-Site Characteristics from Constructing a Noise Barrier

The potential of a barrier to be less effective than indicated by barrier
attenuation alone gave rise to the term insertion loss. Section 5.1.5
discusses the difference between barrier attenuation and insertion loss in
detail. The insertion loss of a barrier is the net noise reduction provided by
a barrier at a receiver. It includes barrier attenuation and before- and after-
barrier differences in noise propagation characteristics (i.e., it is the actual
noise reduction caused by inserting a noise barrier between source and
receiver). A measured insertion loss is usually referred to as field insertion
loss.

Finally, another height consideration in the acoustical design of noise
barriers is Caltrans guidance to break the line of sight between an 11.5-
foot-high truck exhaust stack and 5-foot-high receiver in the first row of
houses. This guideline, detailed in Highway Design Manual Chapter 1100,
is intended to reduce the visual and noise intrusiveness of truck exhaust
stacks at the first-line receivers.

Barrier heights determined by TNM often satisty the acoustical
requirements without shielding high truck exhaust stacks. Although such
barriers may reduce noise levels sufficiently to meet feasibility and design
goal requirement, they have generated complaints from the public in the
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past when truck stacks were visible. The line of sight break criterion
occasionally governs the height of a noise barrier.

The 11.5-foot height used for truck stacks was determined to be the
average (50th-percentile) height of truck stacks in a 1979 District 7 study,
including 1,000 heavy trucks measured at a truck inspection station along
I-5. This means that the line-of-sight break will shield first-line receivers
from the exhaust stacks of about half of the trucks on the highways.

The 11.5-foot dimension is not related to the noise source heights used for
heavy trucks in TNM and therefore should not be used for noise
predictions. Determining the line-of-sight break is a separate process from
predicting noise and is completed with the line-of-sight module in TNM.
Generally, it is desirable to calculate and plot the break profile along the
barrier alignment before the acoustical design of the noise barrier. . If
more than one barrier alignment is under consideration, the line-of-sight
break must be calculated for each alignment alternative.

The line-of-sight break height depends on the three-dimensional locations
of the 11.5-foot truck stack, receiver, and bottom of the barrier (interface
between barrier and ground). To calculate the height for a certain source,
barrier, and receiver combination, the designer needs to determine the
critical truck stack lane, which is the lane in which the 11.5-foot truck
stack creates the highest line-of-sight break. Figure 5-15 shows a quick
method of determining which lane is critical. If the receiver is located
above a baseline drawn through far- and near-lane truck stacks, the far
lane is critical. If the receiver is located below this line, the near lane is
critical. When the receiver is on the line, either lane is critical. Please note
that the line does not need to be horizontal or level.

Highway Design Manual Chapter 1100 does not give guidance on whether
the entire barrier or only a portion of the barrier should break the line of
sight for a certain receiver. On one extreme, a series of line-of-sight
intercepts can be calculated from one receiver, covering the entire barrier.
On the other extreme, only one intercept can be calculated using a
perpendicular line from the receiver to the barrier or highway. In the
absence of an official policy, it is recommended that a distance of 2D left
and right along the centerline of the critical lane, measured from a
perpendicular line from the receiver to the lane, be used (where D = the
distance from receiver to the lane). Also, it is recommended that the
portion of the barrier evaluated be further constrained by a maximum
distance from receiver to truck stack (Dy) of 500 feet. Figure 5-16 shows
the recommended constraints.
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Figure 5-15. Determination of Critical Lane for Line-of-Sight Height
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Figure 5-16. Recommended Line-of-Sight Break Limits
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5.1.3.2 Length

A noise barrier should be sufficiently long to protect the end receivers (see
Figure 5-17). If the barrier is not long enough, the exposed roadway
segment will contribute a significant portion of noise energy received and
sharply reduce the effectiveness of the barrier. For example, if a barrier
ends at the receiver, half of the roadway is exposed, and the noise
reduction by the barrier is 3 dBA or less.

As a general rule, a noise barrier should extend at least 4D beyond the last
receiver (where D = the perpendicular distance from barrier to receiver)
(see Figure 5-18). The “4D rule,” however, should be considered a starting
point, and the FHWA TNM should be used to precisely locate the end of
the barrier. Often, the critical end receivers are not in the first row of
homes, but several rows farther from the highway (see Figure 5-17). As
the barrier-to-receiver distance increases, highway noise becomes lower,
but the barrier segment angle is also reduced, making a potential noise
barrier less effective. The FHWA TNM is needed to resolve these
opposing factors.
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Figure 5-17. Barrier Extended Far Enough to Protect End Receivers
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Figure 5-18. 4D Rule

Another way of addressing end receivers is shown in Figure 5-19. The
barrier is “hooked” around the critical receivers. The obvious advantage of
this design is the shorter barrier length compared to the normal barrier
extension. The disadvantage is the need for legal agreements between
Caltrans and the private property owners concerning construction
easements, barrier maintenance, and responsibilities.
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Figure 5-19. Barrier Wrapped around End Receivers, an Effective Alternative

514 Barrier Shape

Section 4.5.1 indicates that the FHWA TNM distinguishes between two
noise barrier shapes: thin screen (wedge) and earth berm. Figure 5-20
shows representations of the two barrier shapes.

Given the same site cross section, distance between source and receiver,
and barrier height, a berm allows greater barrier attenuation than the thin
screen (wedge), such as a soundwall. In general the actual extra
attenuation associated with a berm is somewhere between 1 and 3 dBA.

There are several probable causes for the extra 3-dBA attenuation for a
berm. The flat top of the berm allows a double diffraction, resulting in a
longer path-length difference. Also, the noise path is closer to the ground
(berm surface) than for a thin screen, allowing more ground absorption.

Other barrier shapes have been researched, including “T-tops,” “Y-tops,”
pear-shaped tops, and curved walls. Given the same total wall height,
these do little to improve barrier attenuation, usually only about 1 or 2
dBA at most. Figure 5-21 shows some different shapes. The added cost of
constructing and complexity of these shapes usually does not justify the
small acoustical benefit.
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Figure 5-20. Thin Screen vs. Berm (Berm Gives More Barrier Attenuation)
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Figure 5-21. Various Wall Shapes (Minimal Benefit for Extra Cost)
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There is also a question of jeopardizing safety with any overhang,
especially when the barrier is constructed near the edge of the shoulder.

51.5 Barrier Insertion Loss vs. Attenuation

In simple terms, barrier insertion loss is the difference in noise levels
before and after a barrier is constructed. It accounts for barrier attenuation,
contributions from unshielded roadway segments, changes in dropoff
rates, and interaction with existing barriers (e.g., reflections or additional
shielding).

Figure 5-22 illustrates the difference between barrier insertion loss and
attenuation. Barrier attenuation only accounts for noise attenuated from
noise barrier diffraction, integrated over the length of the noise barrier.
Barrier insertion loss is the net noise reduction and includes barrier
attenuation, changes in noise path heights and associated changes in
ground effects, flanking noise, and other noise sources. When designing
noise barriers, barrier insertion loss is the primary factor of interest.

Highway

~ (Change in ground ;
*._ effect due to barrier) .~
(Noise Contribution e R orne.?/ (Noise Contribution

from unshielded area) from unshielded areaq)

Receiver

Barrier Attenuation = Noise afttenuation due to barrier diffraction only.

Barrier Insertion Loss = Net effect of barrier attenuation, change in ground effect,
and noise contribution from unshielded areas;
i.e. Before - After Barrier Noise Level.

Figure 5-22. Barrier Insertion Loss vs. Attenuation
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5.1.6 Background Noise Levels

One important factor to be considered but often overlooked in noise
barrier design is the background noise level within a community. A noise
barrier cannot reduce noise levels below the noise level generated by local
traffic on surface streets. For instance, if the background level (without the
highway) is 65 dBA at the target receivers, and a proposed project will
raise this level to 68 dBA, a noise barrier will not be able to reduce the
noise level to less than 65 dBA. Therefore, the community background
noise level always should be added into the predicted noise levels and
considered in the noise abatement design process. Only if it is obvious that
the background noise from local sources will not influence the noise
barrier’s insertion loss (i.e., is at least 10 dBA less than the predicted noise
level with the noise barrier) can the background noise be ignored.

The following is an example of how background noise levels can
influence noise barrier calculations.

Given

Background noise level: 60 dBA at receivers

New facility (without background): 68 dBA at receivers
Total predicted: 69 dBA at receivers

The goal of this exercise is to design a noise barrier that will reduce the total
noise level at the receiver by at least 5 dBA. The model predicts traffic noise
levels without the background noise level. However, the background noise level
should be accounted for in the total noise attenuation. Therefore, the predicted
noise level needed to reduce the total predicted noise level at the receiver to 64
dBA must be calculated.

Calculation

If the barrier reduces the noise from the new facility by 5 dB the facility noise
level would be 64 dBA. When the background noise is considered the resulting
sound level would be 65 dBA (60 dBA + 64 dBA). This is only a 4 dB
reduction from the total predicted noise level of 69 dBA. Additional attenuation
is needed to provide at least 5 dB of noise reduction relative to the total
predicted noise level.
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5.1.7

The goal is for the background sound level plus the new facility noise level
behind the barrier to be 64 dBA (5 dBA below the total predicted noise level of
69).

background (B) + new facility noise level behind barrier (N) = 64 dBA

B+ N =64 dBA
60 + N =64 dBA
N=64-60

N = 1010g(10(64/10) _ 1010
N=61.8~=62 dBA.

Therefore the barrier must provide a total noise reduction of 7 dB and result in a
noise level of 62 dBA behind the barrier for the net noise reduction to be at
least 5 dBA.

Reflected Noise and Noise Barriers

51.71 Noise Reflection

The reflection of noise from barriers can be a source of concern for
residences in the vicinity of a barrier. A barrier that reduces noise at
receivers on one side of the highway could potentially alter the noise at
receivers on the other side. The complex nature of noise barrier
reflections, difficulties in measuring them, and controversy surrounding
the significance of their impacts deserve detailed discussion.

More noise barriers have been constructed in California than in any other
state, in many different configurations of alignment, profile, and height.
These barriers are located along one or both sides of highways of different
widths; along ramps, connectors, and interchanges; and in urban,
suburban, and, rural regions under varying traffic conditions. The
receivers for which they were designed are located in many different types
of terrain, topography, and climate. The combinations and permutations
associated with the vast variety of conditions inevitably increase the
possibility of creating controversies over the extent of noise reflections by
barriers. Therefore, it is only natural that noise reflection issues are on the
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rise in California, especially because almost all noise barriers here are
made of noise-reflective material with hard, smooth surfaces, such as
masonry and concrete. In most cases, the noise increases from reflections
are so small that most people do not notice them. The people who do
perceive increases in noise are usually suddenly made aware of freeway
noise by an event that triggers that awareness (e.g., construction of the
noise barrier). Measured increases from noise reflections of more than

2 dBA have never been measured by Caltrans, but claims of 10 and even
20 dBA increases have been made occasionally.

Many complaints of large increases in noise came from residents living far
from the highway and were actually from changes in meteorology.
Atmospheric refraction from wind shear and temperature gradients can
account for 10- to 15-dBA variations when the same sources are measured
from distances of approximately 1 to 2 miles. To measure the effects of
noise reflections, before- and after-barrier noise measurements need to be
carefully matched by wind speed, wind direction, temperature gradients,
air temperature, humidity, and sky cover. Likewise, if a person perceives a
noticeable increase in noise levels from a reflective noise barrier, he or she
must be able to compare it mentally with a before-barrier condition that
included the same meteorology. Of course, this process is very unreliable.

The effects of noise barriers on distant receivers are discussed in Section
7.

This section addresses various aspects of noise reflection concerns in
detail. The following classifications of reflective noise with respect to
noise barriers and other structures will be discussed.

m  Single barriers (on one side of the highway).
m  Parallel barriers (on both sides of the highway).

m  Structures and canyon effects.

Compared with reflections measured under similar cond