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The choice for an economically ideal solution of environmental noise barrier must
acknowledge both the cost of its main components and the benefitsit can provide, through
time. An algorithm based on benefit/cost ratio (BCR) analysis was created to achieve a
systematic analysistool. It calculatesthe BCR for any potential noise barrier. The cost of a
barrier can be described with known or quantifiable parameters such asbarrier height,
thickness, materials, initial investment costs, maintenance costs, r eplacement costs due to
accidents, etc. The benefits associated with a solution are defined by computable
parameter s such as sound absor ption, sound reduction, insertion loss, and even intangible
parameter s such asitsvisual impact and environmental impact. Each benefit isweighed
regarding itsimportance. Using the necessary parametersit is possible to calculate the
BCR of abarrier for any number of years of alife expectancy.

1 INTRODUCTION

The construction of environmental noise barrienwising major transportation networks,
such as highways and railways, is a highly expensivdeavor. With costs frequently reaching
hundreds of Euros per square meter of barrier highly important to choose the best possible
solution, that is, the one that provides the masntelits, not only in terms of acoustical
characteristics but also in terms of environmentglact and aesthetics, while keeping costs,
over time, at a minimum. Obviously when choosingohitbarrier is better suited for a specific
location there are many parameters that need takas in consideration. A Benefit/Cost Ratio
(BCR) analysis model is presented. It is basedhenconcept of the BCR method and it is
applied to assist in the choice of the best enwremtal noise barrier solution. It accounts for
different material characteristics, their costs Hralbenefits they provide.

2 CONCEPT

The developed model is based on the Engineeringqndioy concept of Benefit/Cost Ratio
(BCR) (eq. 1 where, B: benefit; C: cost; t=0: préselue;n: life cycle, years) and is intended to
assist in the comparison of environmental noiseidrar That concept would imply the definition
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of benefits as a monetary value. As it is diffidaltdefine some of the barrier's characteristics as
a monetary value this model differs from the oragieconomical concept of the BCR analysis
although it is based on it.

n

B ‘ B (t=0)
BCR=—(t=0)=2—— 1)
¢ > C(t=0

The benefits associated with each barrier (expdessan abstract unit) are divided by the
costs of that barrier (in a chosen monetary ufiije result is a non dimensional notion of
relative value of the barrier that can be compavigd other barriers.

In this document, a model of the BCR analysis netie presented and applied to
environmental noise barriers. It also allows tolgrethe BCR of each barrier for several time
durations of the project’s life cycle (the time artier is intended for use). This should not be
confused with each barrier’s life-cycle as thiassociated with its own durability.

Every cost associated with a barrier is definegrasent value (that is, for t=0). It is also
assumed that every cost is known in its currentevgdeven the ones that only occur in the
future). Therefore no costs are affected by intawes or inflation.

It is assumed that benefits remain constant thrdugle whereas total costs increase. This
allows to understand that for each value of thgeptts life cycle the same solution will have a
different BCR. Thus it can be assumed that the beisition for a 20 year project (the barrier
with the best BCR at that year) will not necesgaré the best solution for a 40 year project, for
example. This model relates the quality of eaclutsml with the time it is intended for use
(project’s life cycle).

3 BASE VARIABLES

Base variables encompass specific details of eacheb such as geometric data and its
constitution, as well as some information aboutsineounding environment.

Geometric data (barrier height, thickness, etc.)stmibe defined. Information on the
surroundings must also be included. If the neigimgoenvironment throughout the barrier’s
length is primarily composed of buildings and otlsenilar structures it is considered as an
“urban” environment. If the surrounding environménfree of buildings and other structures it
is considered as a “non urban” environment. Dependn the characteristics of the environment
the benefits of each barrier will be different dwey are dependent of the surrounding
environment.

Visual characterization of the barrier, in bothitsfsides, is also required. Which materials
and how much of them compose each surface of thieebenust be known, through percentages.
Information about color must also be included. &hmeain color classes were defined: Light
(white concrete, acrylic sheets and similar tonEBdium (encompassing the main colors used,
such as red, green, blue, gray, etc. and in cancbeick and metallic barriers) and Dark (dark
timber and similar colors such as black, deep ldae brown, etc.).

Additional information can also be included suchttees existence of vegetation in front of
the barrier or the use of recycled materials. Tipegsameters must be defined separately for each
side of the barrier allowing for situations wheracle side of the barrier has different
characteristics.



4 COSTS
4.1 Concept

The unitary cost of a barrier (that is, the costqmpiare meter) accumulated until yadC)
is expressed with eq. 2 (wheneis the number of years since the constructionhef liarrier,
project’s life cycle). It is the sum of preparatanysts (¢) with the sum of life cycle-costs per
year (Gc) and costs associated with unforeseen events gar ({e) such as accidents or
vandalism. G- and Ge are constant throughout the duration of the ptojeach cost considered
must be presented in its present value (valid énytar of construction of the barrier, year 0). All
costs are in €/f(other unit may be used as long as it is cohererstd).

C=Co+n*(Cic+Cup)  [€/nT] (2)

4.2 Preparatory costs

Preparatory costs @Care presented in eq. 3 and are the sum of theofdsrrain works
(Crw) due to a barrier, expropriation costg{§ and terrain preparation costsrall in €/nf.

Co=Crw+Cexp+Crp  [€/NT] (3)

The cost of terrain works is associated to those are only necessary due to the thickness
of the barrier. Although this cost is often smalaiticularly when screen barriers are used) it
becomes relevant when the thickness of the bameeeases (earth-mounds and some planted
barriers). Its calculation is based on the costasth moving (), in €/nT.

An average height of terrain works{klin m), throughout the barrier thicknegsirf m) and
length, must also be defined. The cost of terraimk# can therefore be determined with eq. 4
(Crw is the cost of terrain works, €/mCezy the Earth moving cost, €fimand H the barrier
height, m).

Crw= (Hag*€*Cew ) /H  [E/M] (4)

Expropriation costs (&p in [€/m?) are related to the acquisition of land necessarthe
construction of the barrier. They are based onatferage expropriation cost gfg avgin €/n")
throughout the barrier’'s length, multiplied withetbarrier thicknesse(in m) and divided by the
barrier’s height (H in m), correctly defining thepeopriation cost per square meter (5).

Cexp= (€ * Cexp_avg / H [€/ IT?] 5)

Terrain preparation costs {Cin €/nf) are referred to the construction of foundatidifs,
necessary, for the later construction of the barii¢hen accurate information is not available,
Cre can be defined as a percentaBe-(n %) of the barrier initial cost ¢dn €/nf, see eq. 10),
defined in chapter 4.3 (eq. 10). When that situatiocurs, terrain preparation costs{an be
calculated with eq. 6.

Cre=(Prr*Co)/H  [€/n] (6)



4.3 Lifecycle costs

Life cycle costs (&) comprise all operations occurring during the ieas life cycle such
as acquisition or production, transport, constarctor assembly, maintenance, and disassembly
or demolition, and debris removal. After a barriesiches the end of its own life cycle before the
end of the project’s life cycle, a new one beginthwhe construction of a similar barrier. Life
cycle costs per year (€ in €/nf) can be calculated with eq. 7,{Gnitial life cycle costs per
year,€/nf; Cevoi: Periodic maintenance operations costs per yéar; €z.c: End of life cycle
costs per year, €fh

CLC = CI + Z CPMOi + CELC [€/I’]"?] (7)
i=1

Initial life cycle costs (@ refer to the cost of construction of a barriecluding production
or acquisition, transport and assembly) and magkbtbginning of its life cycle. ThECpmai IS
the sum of the costs of all proposed maintenan@atipnsi while Cg ¢ is associated with
disassembly or demolition and debris removal opmrat

Ci, Como and G ¢ can be expressed through the generic eq.s 8 anuky.are defined as a
cost of an operatiofn (G). If V; is the value of that operatignthen it can be defined as a
percentagd® of the barrier’s initial cost whilé is the unitary length of the barrier where that
operation occurd €an also be perceived as the percentage of &basguare meter where that
operation occurs).

Ci=V,*| [€/nf]; every X years (8)
Vj =p* Co (9)

Where, G: Cost of a generic operatipfe/m?; V; : Value of a generic operatigpfie/m?;
P : Percentage of@hat define the cost of a generic operafi{#b];
| - Unitary length of the barrier where a genepemtionj occurs [%];
Co: Barrier's initial cost [€/rfl; X: Periodicity [years].

The initial cost of the barrier ¢dn €/nf) is the sum of production costsgg in €/nT),
transportation costs {Gnsin €/nf) and assembly or construction costad@ €/nT), valid for
the year of construction of the barrier (year 8)shown by eq. 10.

Co = Corod+ Grranst Cac [€/ IT?] (10)

The number of years after which an operation igaég (periodicity) must be provided. An
alternative approach is that of dividing the cdsteach operation for the number of years until
that operation is repeated (periodicity). This esponds to a management perspective where,
each year, a part of the cost of that operationwated for.

In both cases the operation that is being paid ootyrs at the end of the defined period for
it to repeat itself. The main difference betweea tlwvo approaches is when (in time) costs are
accounted for. In the first case costs are accduintehe year the operation takes place. In the
alternative approach costs are accounted througtimaitperiod between two consecutive
operations.

In the presented model the second approach is Ased.consequence eq. 8 and 9 must be
rewritten as eq. 11.



C=(V;*)IX=P*Co* 1)/ X [€NT] 101

Applying the referred concept the initial life cgctost is the initial cost of the barrier
divided by the number of years until a new banseneeded (duration of a barrier’s life cycle in
years — Xc). According to eq. 11, for that to be true thea frercentage of the barriers initial
cost @) and the length of the barrier where this opematiocurs I() must be both 100%. The
periodicity of this operation (Xis the duration of the barrier’s life cycle (}.

Costs of periodic maintenance operations\§} constitute an exception as they are not
considered in the last period before the end ofotlreier’s life cycle. For example, if a barrier
has periodic maintenance operation every 5 yeaisttan duration of its life cycle is 20 years,
only the operations after 5, 10 and 15 years ateetperformed because after 20 years a new
barrier will be needed. Therefore the cost of eaaintenance operation should not be divided
by its periodicity (5 years) but by the durationtioé barrier’s life cycle (20 years) divided by the
number of maintenance operations that take pladagithat time (3, in this case).

The annual cost of periodic maintenance operatiansbe calculated with eq. 12 whete
and Xpmo are, respectively, the duration of the barrierfs ktycle and the periodicity of each
maintenance operatioX(c/Xpmo IS rounded to the unit). It is, however, necessarknow the
values ofPpmo and Xemo assuming that the affected length of the maintemaperationslgvo)
is 100%.

* *
Cono = Pewio ™ Co* lewo *( Xic _1j [€/rr?] (12)
X X
Lc PMO

End of life cycle costs (&c) are associated with the disassembly or demolitbrihe
barrier and removal of debris at the end of thei®as life cycle. It is also related to the initia
cost of the barrier (§ as it can be defined as a percentded) of that cost (10% by default).
As the total length of the barrier is affected bgttoperationlg cis 100%. The periodicity of
this operation (¥.c) is the duration of the barrier’s life cycle @J which, in turn, is associated
with the durability of the materials that consti#uhe barrier. The presented value$@b, PeLc
andlg ¢ are considered by default and can be changedcdgssary.

4.4 Costsdueto unforeseen events

Costs due to unforeseen events per yegg (€€/nf) are associated with repair operations
due to accidents or vandalism as shown by eq. b@revGaa: Costs due to major accidents per
year, €/m; Cyia: Costs due to minor accidents per year,’£/8y: Costs due to vandalism per
year, €/mMi; Cap: Costs due to aesthetic defacement per yeaf) €/m

Cut = Cviaa + Cuia + Cva + Cap  [E/n] 013

Unforeseen events are not independent from theidocaf the barrier, its accessibility and
the type of nearby traffic. Therefore location swility (S) classes are created that take in
consideration the probability of occurrence of thesents. Three classes were created, ranging
from S1 (Low Susceptibility) to S3 (High Suscegltty), increasing in severity. Barriers with a
location susceptibility of S1 are those nearby tsgked railways, for example, due to the fact
that they are generally restricted spaces thusnisiming the probability of occurrence of many
of the unforeseen events (vandalism, aestheticcdefant, etc.). Barriers near low speed
railways and highways are examples of location ejotdgilities of S2 and S3, respectively.



Cars crashing, trains derailing, trees falling,ntmtfos and similar events are considered
major accidents (that physically destroy the barmehereas actions that render the barrier only
unable to function but not destroyed (such as wten barrier sound absorption or sound
insulation capabilities are compromised) are carsidd vandalism (stolen pieces, stone
throwing, etc.). Graffiti (or poster ads) are calesed aesthetic defacement. These costs can also
be calculated using the generic eq. 11.

Costs due to major accidentsyffy) are independent from the type of barrier (makgria
particularly in the periodicity of such eventsy) and the affected length of the barrigfag).

It can also be defined as a percentdygA) of the initial cost of the barrier (€

Assuming that, in the event of a major accidentofaihe affected portions of the barrier are
damaged beyond repair th&yaa is 100%, as the cost of repair is the constructiba new
portion of barrier. By default, it is also assunikdt a major accident occurs\(z) once every
50 years, for barriers with location susceptibilBi, 40 years for barriers with location
susceptibility S2 and 20 years for barriers S3thadl 2% of the barriedyaa) is affected in all S
types.

This kind of operation can be understood as a nrejmair (or substitution) operation caused
by an event that occurs once every X years, dargd@nof the barrier or, alternatively caused
by several events that damadeel of the barrier throughout X years (at which pogpairs will
be made).

Costs due to vandalism (&) are defined as those associated with the repagded after a
vandalism action occurs that render the barrieblentp function. Therefore the cost needed for
repairing is that of building a new barrier (or fpaf it) in that location. As a result\g can be
defined as percentagB\) of the initial cost of the barrier equal to 100BY. default, it is also
assumed that vandalism actions affect 2% of theigvarlength I,q) in Xvq years. Xq is
dependant of the barrier's vulnerability to vansiali(related to the material that it is made of)
and the location susceptibility. ThereforgqXmust be defined on a case by case basis, using
table 1, knowing that the higher the barrier’s vaunlbility to vandalism the smallerX will be.

Costs due to aesthetic defacemenipjQfor instance, graffiti and poster ads) can dso
defined as a percenta@gp of the barrier’s initial cost (§ although different barrier types will
have different percentages associated with thers.hibwever assumed that repair operations are
conducted when 10% of the barrier is affectgd)( Different barriers will also have a different
vulnerability (V) to the occurrence of repairs dweaesthetic defacement events. As a result
three vulnerability classesa were created (V1 to V3) where class V3 means wdherability
(table 1). A higher vulnerability classa¥ to aesthetic defacement events means that the
occurrence of repair operations is higher (lowerqakcity Xap).

Costs due to minor accidentsyf&) are defined as a percentdgga of the barrier’s initial
cost (@) equal to 20% and occur in a lenglfid) equal to 20% (default values). Similarly to the
costs due to aesthetic defacement, different harvidl also have a different vulnerability to the
occurrence of repairs due to minor accidents. \aloiéty classes to minor accidents;¥ were
also established (table 1).

Although all vulnerabilities (to vandalism Y, aesthetic defacementay and minor
accidents Wia) are related, a barrier does not need to haveah® vulnerability class to all of
the events.

In the last three discussed events (vandalismhetstdefacement and minor accidents) the
location susceptibility is also present. Theref@esiodicity values accounting both the barrier’s
location susceptibility and the barrier’'s matevialnerability are presented in table 1.

In tables 2 and 3 examples of material vulnergbNMtand susceptibility locations S are
provided.



Table 1 - Relationship between the barrier mateviglherability V (to vandalismyy, to
aesthetic defacemengp/and to minor accidentsyy), the barrier’s location susceptibility S and
the periodicity of the repair operationsX Xap and Xia.

Vulnerability Vg Vap Vvia Low (V1) Moderate (V2) High (V3)
Periodicity (years)
Susceptibility (S) Xva  Xap  Xmia  Xva  Xap  Xmia  Xva  Xap  Xwia
Low (S1) 100 10 12 50 5 6 30 3 2
Medium (S2) 80 8 8 40 4 4 20 2 1
High  (S3) 80 8 4 30 3 2 10 1 1

Table 2 - Examples of materials with different enéibility classes V.

. Vulnerability
Material Vou Vio Vo
Brick, Concrete V2 V3 V2
Earth Vi Vi V1
Metal, Plastic (opaque) V3 V2 V2
Stone Vi Vi V1
Timber V3 V2 V3
Transparent Materials V3 V3 V2
Vegetation V3 V3 V3
Table 3 - Examples of various susceptibility (Satmns.
Susceptibility (S) Example locations
Low (S1) High Speed Railways, Airports, etc.
Medium (S2) Low Speed Railways, etc.
High (S3) Highways, Industrial Facilities, etc.

5 BENEFITS
5.1 Concept

In this model benefits are defined as tangiblemarigible characteristics of a barrier to
which a numerical value is attributed. Althoughdtetically a benefit can be either positive or
negative, in this model the benefit's numericaluesl vary from 0 to 1 with 1 being the highest
possible (the best) classification. This means dngtbenefit either adds to the total benefits of a
barrier or it simply doesn’t. No characteristice #nen considered negative in any way that they
would reduce the barrier’s total benefit value. Thacept of benefit in this model is not exactly
the same as the economy engineering’s definition.

The total benefit (B) of a barrier is calculated).(d4) as the sum of five major partial
benefits. Each of them is weighted by a parameteth@f translates the relative importance of
each benefit. The sum of all weights W necessarily 1. Since the benefits are defingld av
numerical value and the costs with a monetary vidadatter is much higher in numerical value
than the first. As a result, benefits can be mltpby an arbitrary scale factét. This allows
for the BCR results to be presented in a converseale (0 to 100 for example).

Weights W can be altered whenever relevant as long as sl is 1. In table 4 Bi are
defined and default values for weights ak& presented.

B = (Bna * Wna + Bar * Wihr + B * Wy + By) * Wy + Bgy * Wg) * F (14)



Table 4 Weights Wssociated with each benefit (default values).

Benefit W,
Bna - Benefit associated with noise absorption 0.25
Bnr - Benefit associated with noise reduction 0.15
B,. - Benefit associated with insertion loss 0.30
By, - Benefit associated with visual impact 0.25
Bg, - Benefit associated with environmental impact 0.05

5.2 Benefit associated with noise absor ption

The benefit associated with noise absorptiogjBs based on the single number rating for
sound absorptio®L, * (and varies from 0 to 20 dB). These values ararirgd in four non
equaled intervals. As a result, thgaBrvaries between 0 and 1, linearly in each of thedasses
(Table 5).

For each type of barrier, their single number @for sound absorptioBL, must be known
(if unknown, the default values presented on téldan be used).

Table 5 - Benefit associated with noise absorpBgog

Class DL, (dB) Bna
Al [0; 4] [0.00; 0.25]
A2 [4; 8] [0.25; 0.50[
A3 [8; 10[ [0.50; 0.75]
A4 [10; 20] [0.75; 1.00]

Table 6 - Common default values of DL

Type of Barrier DL, (dB) Type of Barrier DL, (dB)
Brick (plain), Concrete (plain) 0 Transparent Material 0
Brick (porous), Gabion Wall 2 Metal (non perforated) 0
Concrete w/ expanded clay 13 Metal (perforated) 16
Concrete w/ wood fibers 11 Earth Mound 3
Timber (plain) 0 Plastic (opaque) 1to5
Timber (absorbent) 9 Planted (vegetation) 0to3

5.3 Bene€fit associated with noise reduction

The benefit associated with noise reductioggjBs based on the single number rating for
airborne sound insulatioBLg 2. This single number has only an inferior limit wéa®Lg must
not be smaller than 0. They are organized in thi@gses (Table 7).

The noise that reaches the receiver is a functfothe airborne sound insulation and the
insertion loss of the barrier. Assuming that theximaim insertion loss, controlled by the
diffraction of sound at the barrier's top edgel&s dB then airborne sound insulation ratings
higher than 25 dB will not bring any additional vetion to the noise reaching the receiver. As a
result, a Rr of 1 is considered for class B3, while the bengdities linearly from 0 to 0.5 and
0.5 to 1 for classes B1 and B2, respectively.

It is also necessary that the value®Pak are known (if unknown, the values on table 8 can
be used).



Table 7 - Benefit associated with noise reductiQp B

Class DLg (dB) Bnr
B1 [0; 15] [0.0; 0.5]
B2 [15; 24] [0.5; 1.0
B3 >24 1.0

Table 8 - Common default values of DL

Type of barrier DLg (dB) Type of barrier DLg (dB)
Brick (plain or porous) 35 Transparent Material 30
Concrete (all types) 40 Metal (perforated or non 30
perforated)
Timber (plain or absorbent) 30 Gabion Wall 40
Earth Mound 50 Plastic (opaque) 25
Planted (vegetation) 10

5.4 Benefit associated with insertion loss

The benefit associated with insertion loss XBs defined as a function of the barrier’s
predicted insertion loss (IL) (for instance witletmethod af) and the barrier's angl®)((eq. 15
where Iy : Insertion loss criterion; WWeights; lp: Criterion related to the barrier’'s angle).

BiL =f (ILsoo Hz; 8) = b * Wi + by * W 15]

The B_ is a weighted average, using weightg \&hd W, of the barrier's insertion loss
score and the barrier's angle. A\WWf 90% was attributed to the insertion loss chiarétics
while the remainder Wof 10% was attributed to the barrier’'s angle chirastics.

The criterion related to the barrier’'s anglg) (8 1 when the barrier’s angle with the vertical
axis is between 5 and 20 degrees. An angle isip@sithen the top of the barrier is furthest from
the noise sources. When the barrier's angle is csegh between 5 and 20 degrees the reflection
of noise on the barrier are angled skywards, aumgidioth vehicles and low buildings. Angles
higher than 20 degrees are not considered as bemdfecause of less space due to angled
barrier and may present a feeling of confinemerd alaustrophobia to the people on the
protected side of the barrier.

The insertion loss criterion (B evaluates the barrier's noise attenuation (lkkgdcted for
any given distance from the source to the recealempugh a default position for the receiver is
suggested (receiver at 20 m from the barrier, 2 eight). It also quantifies the increase of the
barrier’s insertion loss due to diffracting-edgedifigation (D), the reduction of the barrier’s
insertion loss due to the existence of openingthe barrier (lleg) and the reduction of the
barrier's insertion loss due to distance/heightatrehship of parallel barriers (IL). This
parameter refers to the influence of parallel leasron the barrier’s effectiveness. The closer two
parallel barriers are built the greater the nundfeeflections on the second barrier that can get
across the first, thus diminishing the barrierteetiveness.

A maximum limit of 18 dB is considered for the digaic sum of the four previously
presented parameters, above which no gain is ceresidEq. 16 shows how to calculate the B

BiL = min [ (”—500Hz+ D —AILEO—AILLH) /18 ;1 ] *WL +
+ 1*"W if5°<B8<20° or
+0 iB < 59019 > 20° (16)



For the calculation of B it is necessary to know the value of the insertass at 500 Hz
(ILsoony) (for example predicted bY. According td§ the result obtained for the 500 Hz frequency
band is quite similar (in many usual traffic siioas) to the result obtained by an A-weighted
analysis. As a result the insertion loss at 500i$izonsidered representative of the entire
spectrum and is expressed in dB(A).

It is also necessary to account for any gains erb#rrier’s insertion loss due to diffracting-
edge modifications (D) in dB(A). If these elemeats not installed then D is 0. If a diffracting-
edge modification is made at the barrier’s top dtiga a gain of 2 dB(A) is considered.

Regarding the reduction of the barrier insertiossldue to the existence of openings in the
barrier AILgo) its value is presented on table 9 and must lvedoted in eq. 16 as positive.

The reduction of the barrier insertion loss dueh&ght/distance relationship of parallel
barriers AIL ) can be accounted for using table 10.

The calculation of the B, particularly the calculation of the insertion dodL) could be
made using the insertion loss characterizing paremmi@, (using®) or IL (using®). Whenever
available, these parameters are preferred ovealtutated using a mathematical method.

Table 9 - Insertion loss reductiodl{gc) due to openings in the barrier [adapted frém

Maximum % of area Insertion Loss (IL) at 500 Hz without orifices or fissures

occupied by orifices, 10 dB* 15 dB* 20 dB* 25 dB*

fissures or openings Insertion loss reduction, dB
6.00 5 10 14 19
3.00 4 7 11 16
1.50 2 5 9 13
0.80 1 3 6 10
0.40 1 2 4 8
0.20 0 1 3 5
0.10 0 1 1 4
0.05 0 0 1 2

* Insertion Loss IL required for any given barrier

Table 10 - Insertion loss reductiodl( 1) due to distance/height relationship of parallel
barriers [adapted fronf].

Distance/Height Maximum reduction of the barrier's

relationship insertion loss AlLy in dB(A) Recommendations
Actions to minimize reduction of the barrier's insen
<10 >3
loss are needed.
[10; 20] 0-3 Reduction of the barrier'sinsertion loss may &
' imperceptible. Usually no additional actions arede.
> 20 No considerable reduction No action required.

5.5 Benefit associated with visual impact

The benefit associated with visual impact,jBaccounts for the barrier’'s aesthetics, the use
of materials with lower visual impact (transparentvegetation), the color of the barrier and the
general design of the barrier. The, B evaluated on both sides of the barrier. Fohesde it is



calculated with eq. 17 (wherea:bAesthetics criterion (weight YW= 0.35); {rt : Use of
vegetation or transparent materials criterion (WelM\+ = 0.35); lzo : Color criterion (weight
Weo = 0.20); Bes INNovative design criterion (weight ydt= 0.10).

Bvi = ba . Wa + byt . WA/T + Iicol . Weor + Boes. Woes (17)

Regarding the aesthetics criterion)the material considered will be the coating matexf
a barrier. When it is vegetation thgils 1. If it is a transparent material thenib 0.8. If it is any
other opaque materiahls 0.5.

This criterion aims to evaluate the impact of tbatahng materials used, from a global visual
impact perspective, while rewarding the use of tegen and transparent materials. It is
important to distinguish it from the use of vegetator transparent materials criterion/{p
which evaluates the visual impact of the barrienfrthe user’s perspective on how the barrier
hides or allows the visualization of the environmskyline behind the barrier. It applies only
when vegetation or transparent materials are u3eplending on the type of environment (urban
or non urban) this criterion benefits, respectiyélgrriers with vegetation, hiding the city skyline
from the users, and transparent barriers, allowhegandscaped view of non urban environment
(eq. 18 wherePatrans: Percentage of area of transparent materialf) %y : Percentage of area
of vegetation, %; k: Reduction factor for undesired materials; by défes 0.8).

bvr = min (Kut * Paveg + Patrans; 1) if non urban environment (18)
=min (Kvt * Patrans+ Paveg; 1) if urban environment

The color criterion (bo) assigns a numeric value to the major color raggsting on each
face. The criterion rewards light color rangesg@ssig them a value of 1 (white concrete; acrylic
sheets, etc.). Medium color ranges (concrete, pnok painted metals, etc.) constitute a color
criterion value of 0.5 and dark color ranges (d@amker and similar paints: deep blue, brown,
etc.) constitute a color criterion value of 0.2.

The design criterion (9 evaluates the presence of innovative design®nigton shapes
but also on textures and is 1 when they are pregeite being O when they are not.

The total benefit associated with visual impacJBs a weighted average of the benefits for
each side of the barrier. The side turned to #icr(TS) is weighted by default with 0.65 while
the protected side (turned away from the traffiR}) is weighted with 0.35 according to eq.s 19
and 20 (where, p Aesthetics criterion;\a: Use of vegetation or transparent materials coiter
bcoi: Color criterion; Bes INnovative design criterion; TS: Traffic Sidegsiof the barrier turned
to the traffic; PS: Protected Side , side of theibaturned opposite from TS).

Bvi = Bvi1s * 0.65 + By ps* 0.35 (19)

By = 0.65 * (I * 0.35 + byt * 0.35 + kg * 0.20 + Bpes* 0.10)rs +
0.35* (I3 * 0.35 + byt * 0.35 + ket * 0.20 + bhes* 0.10%s (20)

5.6 Benefit associated with environmental impact

The benefit associated with environmental impaBis) (is also a function of the materials
used although they are evaluated from an envirotehempact perspective (sustainability).
Numerical values are assigned to this benefit ddipgnon the type of materials used in the



barrier. If natural materials are used (vegetatioearth) B, is 1. If recycled materials are used
or incorporated in other materialg;Bs 0.7. If other common materials (concrete, nsetatc.)
are used, is 0.4. If plastics or other materialsvéd from petroleum are usedgBs 0.1.

6 RESULTS

After every individual cost has been calculatedvali as the total benefit for each solution,
it is possible to analyze the BCR of each solufmmseveral possible durations of the project.
For each duratiom(years) the model calculates the accumulated cwosiisthat year (including
those occurring in that year). The total benefit @Beach barrier is divided by the accumulated
cost until that year (. The result is a BCR of each barrier for thatryeé/C), (eq. 21).

Assuming that the benefit of a barrier remains tamtshroughout the project’s duration, the
longer its duration the smaller are their BCRs tigiwout that time since the accumulated costs
of any barrier are always increasing.

It is important however to know that depending e turation of the project the best
solution may not always be the same. The barridh thie highest BCR for a 20 year duration for
example might not have the best BCR for a 40 yaeatbn.

(B/Ch=B/G 1)
7 CONCLUSIONS

The presented model comprises separate analysigstd and benefits for each barrier. Its
main purpose consists of applying the method taraber of possible barriers to be constructed
especially next to a transportation network and iiges a decision helper. When applying the
presented model it is possible to calculate the B&@Reach possible solution for a number of
years which constitutes the project’s life cycleadion. While considering different life cycle’s
duration for the project it is possible to obsetivat the solution that provides the highest BCR
ratio for one possible duration of the project mmt be the same solution that provides the
highest BCR ratio for a different duration. Thereféhe choice of the best solution is not only
tied to how much it costs and to the benefitsiit peovide but also to the time period it will be in
use. This model will help planners to better deandarge money consuming projects.
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