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The paper presents a retrospective study for selection of noise barrier for road traffic noise abatement.
The work proposes the application of Fuzzy TOPSIS (Technique for order preference by similarity to an
ideal solution) approach is selection of optimal road traffic noise barrier. The present work utilizes the
fuzzy TOPSIS model proposed by MAHDAVI et al. (2008) in determination of ranking order of various
types of noise barriers with respect to the various criteria considered. It is suggested that application of
this approach can be very helpful in selection and application of optimal noise barrier for road traffic

noise abatement.
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1. Introduction

Noise barriers are designed to block the sound
waves in the propagation path from source to receiver.
The proximity to the source or receiver is the piv-
otal factor affecting the insertion loss provided by the
barrier. The best solutions are probably when there
is neither any control at the source, nor at the re-
ceiver (GARG et al., 2012a; 2013b). The diffraction
edge behaves like a virtual source to the diffracted
sound field. For a traditional straight edge barrier, the
phase of the source along the edge is coherent. The
phase will be random and less coherent when a ran-
dom edge profile is present on the barrier (SHAO et al.,
2001). SHAO et al. (2001) and HO et al. (1997) pro-
posed noise barriers with random edge profiles to de-
crease the coherence in the diffracted sources. Thus,
the addition of multiple edges to a simple plain bar-
rier provides added insertion loss without increasing its
height. These new profiles are generally placed on the
top of conventional barriers to enhance their diffrac-

tion efficiency and to reduce the sound diffracted into
the shadow zone (WATTS et al., 2004). These combined
versions, usually called multiple edge barriers, are very
useful for screening transportation noise in situations
where the maximum height of noise barriers needs to
be limited due to environmental considerations like vi-
sual intrusion, reduction in sunlight, etc., and where
extra screening is required in existing structures with
minimum resources (WATTS, 2002).

Improving the acoustic performance of a vertical
barrier without increasing its height is a challenge to
the acoustic engineer. The conventional barriers used
are generally the concrete or masonry walls, trans-
parent barriers, etc, while the innovative designs in-
clude mainly diffracting — edge modifications in the
form of additional fixtures or tops. The major inno-
vative diffraction-edge modifications include T-shaped
barriers, multiple-edge barriers, and Y-shaped barri-
ers (EGAN et al, 2006). Multiple edge barriers give
consistent improvements in insertion loss over a wide
area as compared with plane reflective barriers. Also
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the benefits from these profiles occur throughout the
sound spectrum even at low frequencies. Many of these
systems incorporate absorption surfaces, resonant cav-
ities to produce soft surfaces, provisions to promote
destructive interferences, etc.

A wide range of barrier systems have been identi-
fied in literature. These can be conveniently divided
into two distinct groups, viz. a single barrier of dif-
ferent shapes and multiple-edge barriers. Single shape
noise barriers include wedge-shaped barriers, berms of
different kinds, T-shaped and Y-shaped barriers, and
arrow-profiled barriers. Multiple-edge barriers consist
of two distinct categories, viz. multiple-edge barriers
with a single foundation and those comprised of several
parallel barriers on the same side of the road (DAIGLE,
1999).

WATTS (2002) has classified barriers that may of-
fer improved performance over simple plane barri-
ers as 1) absorptive barriers, ii) angled barriers, and
iii) capped barriers. The absorptive barriers incorpo-
rate absorption elements on the traffic face that absorb
a significant portion of the incident sound. The angled
barriers have contoured surfaces angled to disperse the
noise so as to prevent sound reflections into the shadow
zone. The capped barriers have specially shaped top
sections that reduce the sound power contribution from
acoustic waves diffracted over the top (WATTS, 2002).
The notable developments include parallel noise bar-
riers (WATTS, 1996), inclined barriers (CHENG, Na,
2001), barriers with absorbent/soft/reactive surfaces
(FARY et al., 1995; MONAZZAM et al., 2010; 2011), dif-
fusive noise barriers (CIANFRINI et al., 2007), wedge
shaped noise barriers (OUIS et al., 2003), multiple-edge
noise barriers (CROMBIE et al., 1995), T-shaped noise
barriers (BAULAC et al., 2008), and other novel barrier
profiles (MAY et al., 1980) etc. The above studies gen-
erally include experimental, theoretical, and numerical
analyses with an objective of predicting the barrier in-
sertion loss in laboratory and free field conditions.

The addition of a horizontal cap to a conventional
barrier thus creating a T-profile has been discussed
in various studies and in most conditions; it has been
observed that Y- and arrow profiles perform less effi-
ciently than the T-profile barrier (HOTHERSALL et al.,
1991). Design considerations for erection of noise bar-
riers of optimum dimensions providing a high insertion
loss are essential and depend upon site and situation.
Barrier thickness is insignificant, but diffraction over
the top edge of a barrier is affected by its cross sec-
tion. Transparent barriers, tilted, dispersive barriers,
and multiple edge design barriers prove to be fruitful
options for road traffic noise abatement. The use of
sound absorbing materials can definitely improve the
performance of both single and parallel noise barri-
ers. The Transport Research Laboratory, UK (WATTS,
1996) studies on full scale models had shown that the
screening performance of a single barrier of 2 m height

on the near side of a carriageway is reduced by 4 dB(A)
when a reflective barrier of a similar height is erected
at the edge of the farside carriageway. Both sound ab-
sorptive and tilted barriers were found to be effective in
reducing the degradation in single barrier performance.
Placing absorptive materials on a single barrier helps
to reduce the diffracted sound into the shadow zone
and minimize the reverberant build up of noise be-
tween source and receiver. The barrier material must
be more absorptive at frequencies that are significant
in the source spectrum characteristics to be effective in
noise abatement. The traffic noise barriers should ab-
sorb strongly over a wide range of frequencies between
250 Hz to 5 kHz. Superior modular sound absorbers
developed by FAHY et al. (1995) can be either incor-
porated into a basic construction or quickly retrofitted
into existing reflective barriers (FAHY et al., 1995). Full
scale tests were conducted by WATTS and MORGAN
(1996) to compare the efficiency of T-shape, multiple
edges barriers, and double barriers. An improvement
of 1 to 3 dB over simple plane reflective barriers of
identical height was found. In a scale-model study in-
volving thin, wide, T-shaped, cylindrically topped, cor-
rugated, inclined, Y-shaped, arrow-profiled, etc., noise
barriers and three highway situations, viz. a single bar-
rier with a protected receiver, a single barrier with the
receiver on the opposite side of the highway, and paral-
lel barriers, one on each side of the highway, MAY and
OsMAN (1980) had observed a higher noise reduction
for T-profile (wide top) barriers and T-shape with ab-
sorptive top with cap widths of 0.6 m or more and of
small cap thickness. Noise measurements with a 4 m
highway noise barrier with a horizontal cap of 0.75 m
(T-profile) in Toronto produced a noise reduction of
1-1.5 dB greater than that obtained for the same bar-
rier without the cap (MAy, OsSMAN, 1980). In a review
of the barrier studies involving T-, Y-, and arrow pro-
file noise barriers, numerical modelling and boundary
element approach, HOTHERSALL et al.(1991) had con-
cluded that for barriers with reflecting surfaces, the
changes in insertion losses for various profiles can be
described by using the concept of path difference. Fur-
ther the introduction of absorptive upper surfaces pro-
duces a significant increase in insertion loss. The ex-
perimental results of the performance of barriers hav-
ing different shapes and surface conditions under well
controlled environment showed that a soft 3 m high
T-shaped barrier provided the same performance as
a 10 m high plain barrier (ISHIZUKA, 2004). FUJIWARA
et al. (1998) described the results of BEM modelling
of a T-shaped barrier with a soft upper surface. A uni-
form level of wells in the upper surface of a T-shaped
barriers produce insertion loss values equal to those of
a soft surface over a significant range of frequencies.
A design morphology (Fig. 1) has been formulated
from an exhaustive literature survey for sound barriers
(Guidelines on design of noise barriers, Environmental
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Barrier Design Morphology

l l l

Requirements Types Material Aspects
— Effectiveness ——  Reflective —— Steel (galvanized,
Stainless)
—— Structural integrity ——  Absorptive —— Aluminium

Earth berms/
bio-barriers

Compatibility with
environment

Maintenance Mixed

Safety andDurability Multiple edges

Easy installation Random edges

Corrosion/Aging | Reactive —
resistance
——  Economic L Dispersive —_—

considerations (zigzag, wavy

Castellated)

Helium filled
for temporary
applications

Ventilation, Lighting,
Drainage issues

Enclosure,
Inclined,
Cantilever

Polycarbonate/
Acrylic

Concrete/ Brick
Masonary/GRC
/Hollow blocks

Design Considerations

Sound Absorbing

Materials

Minimum height such that
line of sight between source
& receiver is intercepted

1.5 dB(A) additional noise
reduction for each | m
increase in height after
line of sight is intercepted

Proximity to source
or receiver

Should extend in each direction 4
times as far as distance from
receiver to barrier

Earth berms

Proprietary made
Acoustic panels

Glass, Wood and

Extra diffracting edge

Surface mass atleast 20 kg/m*
for adequate T.L

Sound transmission loss of
barrier material must be at
least 10 dB higher than the

Composites : : :
required barrier attenuation.
QRD (Quadratic Residue
Recycled —  Diffusers) /PRD (Primitive
materials

Residue Diffusers) option
additionally included

T-Profiled barriers with
absorptive material are
most effective

Fig. 1. Design morphology for noise barriers (GARG et al., 2012).

Protection Department, Govt of Hongkong, 2003; Fed-
eral Highway Administration Manual). The selection
of a suitable barrier compatible for a particular road
network depends upon acoustic attenuation (insertion
loss); economical, structural, and aesthetic constraints,
compatibility with environment, installation, mainte-
nance and safety aspects, structural integrity, corro-
sion resistance, and factors like ventilation, lighting,
drainage, vandalism, etc.

It is thus imperative for the town planners to con-
sider all these criteria before finally selecting and in-
stalling the noise barrier for a particular site for noise
abatement. There is no simple solution to such a prob-
lem wherein amongst the variable alternatives one has
to find the optimal strategy considering the various
benefit criteria. TOPSIS (Technique for Order Pref-
erence by Similarity to Ideal Solution) developed by
HwWANG and YOON (1981) is one such probable solu-
tion to this problem. The present work illustrates a
case study of application of the TOPSIS approach in
selection of the optimal noise barrier for road traffic
noise abatement using a fuzzy database of linguistic

variables assigned by three experienced decision mak-
ers. Arizona Department of Transportation (ADOT)
study (WATSON, 2006) on scoring the barrier options
recommends the T-top design with absorptive materi-
als over the conventional barrier of concrete or masonry
construction. The present work extends these investi-
gations inculcating the TOPSIS approach for formulat-
ing a Decision Matrix and finding the Best Practicable
and Economical (BPEQO) barrier option. It is envisaged
that application of this approach can be instrumental
in solving this problem with minimum numerical com-
plexities and in minimum time.

2. Methodology and application
2.1. TOPSIS method

Amongst the various methods available for solution
of Multiple Criteria Decision Making (MCDM) prob-
lems (VELASQUEZ et al. 2013), the Technique for order
preference by similarity to an ideal solution (TOPSIS)
approach is one of the most widely used. HWANG and
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YooN (1981) originally proposed TOPSIS to help se-
lect the best alternative with a finite number of crite-
ria. The standard TOPSIS method attempts to choose
alternatives that simultaneously have the shortest dis-
tance from the positive ideal solution and the far-
thest distance from the negative-ideal solution. The
positive ideal solution maximizes the benefit criteria
and minimizes the cost criteria, whereas the negative
ideal solution maximizes the cost criteria and mini-
mizes the benefit criteria (BEHZADIAN et al., 2012).
BEHZADIAN et al. (2012) conducts a comprehensive
literature review of applications of TOPSIS approach
in various streams of science and engineering. They
suggest a framework for future attempts in this area
for academic researchers and practitioners. The advan-
tages of TOPSIS include simple, rational, and compre-
hensible concept, good computational efficiency, ability
to measure the relative performance for each alterna-
tive in a simple mathematical form (YEH, 2002; HUNG
et al., 2009). The motivation is that the fuzzy TOPSIS
method can take advantage of normalizing and defuzzi-
fying fuzzy data collected from multiresponse quality
problems and can utilize fuzzy entropy measures to
provide objective weights for each criterion (RIBEIRO,
1996). The positive ideal solution is the one with the
maximal benefit and minimal cost values among all
possible alternatives. The negative ideal solution is the
one with the minimal benefit and maximal cost values.
The positive and negative ideal solutions can be found
by way of weighting the normalized decision matrix.
A relative closeness is computed and used for ranking
of all possible alternatives by the measure of Euclidean
distance from positive and negative ideal solution. The
importance weights of various criteria and ratings of
alternatives with regard to criteria are considered as
linguistic variables. These variables are transformed
into triangular fuzzy numbers. Final values of fuzzy
numbers that contribute a fuzzy decision matrix and
fuzzy weight vector are calculated as means of values
assessed by the members of decision group. Normal-
ization of decision matrix is performed and the fuzzy
positive ideal solution (FPIS) and fuzzy negative ideal
solution (FNIS) are determined. The distances of each
alternative to FPIS and FNIS are calculated and cor-
responding closeness coefficient of each alternative to
these solutions is evaluated. Thus, the alternatives are
ranked based on the closeness coefficient (PRASCEVIC,
2013). The lower value of the closeness coefficient indi-
cates that an alternative is close to F/PIS and farthest
from FNIS simultaneously (MAHDAVI et al., 2008).
Thus, the alternatives are ranked according to the
closeness coeflicient in the ascending order. The proce-
dure of application is relatively simple and easy to un-
derstand and apply, and as such it finds application in
solving decision making problems in various fields. The
merits of the integrated fuzzy TOPSIS is that not only
the subjective and objective criteria are simultaneously

considered in the real life, but also it releases the lim-
itations of crisp values and facilitates its implementa-
tion as a computer based decision support system for
ranking the alternatives in a fuzzy environment (DING,
2011). It is imperative to integrate fuzzy data in con-
junction with linguistic variables for solution of such
problems wherein the best alternative is to be selected
with respect to various criteria under consideration.

2.2. TOPSIS methodology

Three experienced acousticians are chosen as de-
cision makers for giving their inputs in terms of lin-
guistic variables described in Tables 1 and 2 for rat-
ings and importance weights of each criterion. Either
actual values of the requirements against the various
barrier alternatives or the use of linguistic variables
correlated with fuzzy numbers to identify the ratings
and weights could be the input in the decision mak-
ing (SHAHANAGHI et al., 1999). It may be noted that
the weight of a criterion is an important aspect and
some authors suggest using the Analytical Hierarchi-
cal Process (AHP) or other techniques to obtain the
weights, as in the study of SHIH et al. (2001; 2007) and
OLSON et al. (2004). However, in the present study,
the topic of weight elicitation is not considered, as it
is assumed that the weights of attributes or criteria
are judiciously decided by the expert decision makers,
D1, D2, and D3. The Strengths, Weaknesses, Oppor-
tunities, and Threats (SWOT) analysis is conducted
for each of these alternatives (Table 3) for identifying

Table 1. Linguistic variables for the importance weight
of each criterion (MAHDAVI et al., 2008).

S. No. Weight Linguistic variables

1 Very Low (VL) (0; 0; 0.1)

2 Low (L) (0; 0.1; 0.3)
3 Medium Low (ML) (0.1; 0.3; 0.5)
4 Medium (M) (0.3; 0.5; 0.7)
5 Medium High (MH) (0.5; 0.7; 0.9)
6 High (H) (0.7; 0.9; 1.0)
7 Very High (VH) (0.9; 1.0; 1.0)

Table 2. Linguistic variables for the ratings (MAHDAVI

et al., 2008).
S. No. Ratings Linguistic variables
1 Very Poor (VP) (0; 0; 1)
2 Poor (P) (0; 15 3)
3 Medium Poor (MP) (15 3; 5)
4 Fair (F) (3;5;7)
5 Medium Good (MG) (5;7;9)
6 Good (G) (7; 9; 10)
7 Very Good (VG) (9; 10; 10)
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Table 3. SWOT analysis of various available noise barrier options available.

Barrier Type Strengths Weaknesses Opportunities Threats
T-Top barrier with ab- | High insertion loss, Maintenance costs asso- | Instrumental for Debris  collection,
sorptive top reduced barrier height | ciated with absorptive | specific source drainage issues,

by 1 m on average material screening vulnerable to ac-

cretion of particles
thrown by traffic
and of water and
ice due to natural
precipitation

Y-Top/Half Y with ab-
sorptive top

High insertion loss

Wind loading, mainte-
nance issue

Instrumental for
specific source
screening

Debris  collection,
drainage issues

Jagged top

Fair insertion loss, high

frequency mitigation

Traffic noise abate-
ment

Structural integrity

Mushroom Top/Multi-

High insertion loss

Structural integrity,

Traffic noise abate-

Wind loading issue,

economical solution

surface may add up
to cause a reverberant
noise field

ple-edge top treat- debris associated with | ment, degradation and

ment/Cylindrical top use of absorptive mate- | specific source noise | maintenance asso-
rial screening ciated

Transparent Barrier Fair insertion loss and | Noise reflecting Traffic noise abate- | Vandalism

ment,
specific source noise
screening

Concrete Barrier/Hol-
low Concrete blocks

High insertion loss,

minimal maintenance,
inte-
grity, minimal mainte-

high structural

nance

High costs and installa-
tion time

Hollow blocks for
low frequency noise
control, absorptive
GRC barriers

High costs of erec-
tion of barrier

Reflective Barrier

Fair insertion loss

Noise reflecting surface
may add up to cause a
reverberant noise field

Traffic noise abate-
ment

Reflective  surface
needs regular main-
tenance and ‘glare
effects’ associated

moving noise sources

Metal/composite/ Metals, e.g. aluminium | Non transparent materi- | Perforated  metal | Can produce glare
Polycarbonate with high strength to | als, e.g. steel, aluminium | sheeting in con- | effects at certain in-
Sheets/sintered width ratio require greater efforts |junction with an | cident angles
metals/Plastics in surface treatment to | absorptive material

soften visual impact is good for low fre-

quency mitigation

Phase reversal type | Low frequency noise Technical complications, | Specific source High costs and tech-
barriers/Reactive control practical difficult for | noise mitigation nical complications
surface barriers traffic noise reduction
Active noise control | Low frequency noise Technical complications, | Specific source High costs and tech-
barriers control practical difficult for | noise mitigation nical complications

the advantages and limitations associated with each of
them. It may be noted here that the reactive surface
barriers and active noise control barriers discussed in
the SWOT analysis are not considered as alternatives
in the present problem due to their practical limita-
tions and high costs of installation and fabrication.
The application of the fuzzy TOPSIS method as
proposed by MAHDAVTI et al. (2008) is as follows:
Step 1: Choose the linguistic variables for the
weight of the criteria. For the given problem, the de-

ble 4.

cision makers use the linguistic weighting variables to
assess the importance of the criteria as shown in Ta-

Step 2: Choose the linguistic ratings for alterna-
tives with respect to criteria. For the given problem,
the decision makers use the linguistic rating variables
to evaluate the rating of alternatives with respect to
each criterion as shown in Table 5.

Step 3: Convert the linguistic ratings (z;;, ¢ = 1,
2,...,m; j=1,2,...,n) for alternatives with respect



458

Archives of Acoustics — Volume 40, Number 4, 2015

Table 4. The importance weight of the criteria.

D1 | D2 | D3
C1 | Insertion Loss H | VH | VH
C2 | Structural Integrity H H | VH
C3 | Compatibility with Environment MH | H M
C4 | Maintenance MH | MH | M
C5 | Safety and Durability MH | M M
C6 | Installation H |MH| H
C7 | Corrosion resistance M | ML | ML
C8 | Economic Considerations VH | VH | VH
C9 | Ventilation, Lighting, Drainage, Vandalism | ML | ML | L

Table 5. The ratings of eleven noise barrier alternatives by decision makers with respect
to nine different criteria.

Decision Makers

Criteria Candidates
D1 | D2 | D3

Al | T — Top with absorptive top VG
A2 | Y — Top with absorptive top G
A3 | Jagged Top F
A4 | Cylindrical Top F

C1 Insertion Loss A5 | Mushroom Top MG
A6 | Multiple Edge Top G
A7 | Transparent MG
A8 | Concrete G
A9 | Reflective F
A10 | Polycarbonate Sheets F
Al | T — Top with absorptive top MG | MG G
A2 | Y — Top with absorptive top MG F F
A3 | Jagged Top F MG F
A4 | Cylindrical Top F F F

C2 Structural Integrity A5 | Mushroom Top F F MP
A6 | Multiple Edge Top MP F F
A7 | Transparent MG | MG F

A8 | Concrete

A9 | Reflective

A10 | Polycarbonate Sheets

Al | T — Top with absorptive top

A2 | Y — Top with absorptive top

A3 | Jagged Top F MG

Hi" " """ QR
=
e}
)

C3 Clompatit?ility ig I(\)/Iyln}lldrlcal ;‘op I\/fG ﬁg
with Environment ushroom 10p
A6 | Multiple Edge Top F MG
A7 | Transparent MG G MG
A8 | Concrete VG | VG | VG
A9 | Reflective MG | MG F

A10 | Polycarbonate Sheets G G MG
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Table 5. [Cont.]

Decision Makers

Criteria Candidates
D1 | D2 | D3
Al | T — Top with absorptive top MP | MP F
A2 | Y — Top with absorptive top MP | MP | MP
A3 | Jagged Top F F F
R e e AN
considerations ushroom 1op
A6 | Multiple Edge Top MP | MP P
A7 | Transparent G MG | MG
A8 | Concrete VG G VG
A9 | Reflective G MG | MG
A10 | Polycarbonate Sheets VG | VG | VG
Al | T — Top with absorptive top F MG F
A2 | Y — Top with absorptive top F F F
A3 | Jagged Top MG | MG | MG
o | Sy e (a5 ureonTor TR
and Durability ushroom 10p
A6 | Multiple Edge Top MP | MP | MP
A7 | Transparent G MG | MG
A8 | Concrete VG | VG | VG
A9 | Reflective MG | MG G
A10 | Polycarbonate Sheets VG | VG G
Al | T — Top with absorptive top F MP F
A2 | Y — Top with absorptive top MP | MP F
A3 | Jagged Top F MP F
o] i 2 ol i
perspectives P
A6 | Multiple Edge Top MP P MP
A7 | Transparent G MG | MG
A8 | Concrete MG F F
A9 | Reflective F F MG
A10 | Polycarbonate Sheets VG | VG G
Al | T — Top with absorptive top F MG F
A2 | Y — Top with absorptive top F MG F
A3 | Jagged Top F MG F
. A4 | Cylindrical Top F MG F
c7 CorF051on A5 | Mushroom To F F MG
Resistance p
A6 | Multiple Edge Top F F F
A7 | Transparent VG | VG | VG
A8 | Concrete VG | VG | VG
A9 | Reflective G MG | MG
A10 | Polycarbonate Sheets G VG | VG
Al | T — Top with absorptive top P
A2 | Y — Top with absorptive top P
cs Economic A3 | Jagged Top F
Considerations A4 | Cylindrical Top MP
A5 | Mushroom Top P
A6 | Multiple Edge Top P
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Table 5. [Cont.]

Criteria Candidates Decision Makers
D1 | D2 | D3
A7 | Transparent MG
Economic A8 | Concrete VP
8 Considerations A9 | Reflective F
A10 | Polycarbonate Sheets VG
Al | T — Top with absorptive top F F F
A2 | Y — Top with absorptive top F F MP
A3 | Jagged Top F MP | MP
C9 Ven.tilation, Light.ing, ig I(\J/thzdncal ;‘op E I\/fP ﬁi
Drainage, Vandalism ushroom 10p
A6 | Multiple Edge Top MP | MP | MP
A7 | Transparent F F F
A8 | Concrete G VG | VG
A9 | Reflective G MG | MG
A10 | Polycarbonate Sheets G VG | VG

to criteria and the appropriate linguistic variables
(wj, 5 =1,2,...,n) for the weight of the criteria into
triangular fuzzy numbers using Tables 1 and 2. The
fuzzy linguistic rating (z,;) preserves the property that
the ranges of normalized triangular fuzzy numbers be-
long to [0, 1]. The fuzzy MADM is thus described in
the form of a matrix D defined by Eq. (1) and W is
defined by Eq. (2).

Ay [ T11 T12 213 - - Tin |
Az | T21 T22 T2z .. Tan
D= A3 | 31 32 33 .. T3n , (1)
Am _'rml Tm2 Tm3 - - Imn_
W=[W W, Ws W], (2)
where (x;5; ¢ = 1,2,...,m; j = 1,2,...,n) and (wy;
j=1,2,...,n) are linguistic triangular fuzzy numbers

such that Tij = (aij, bij, Cij) and w; = (wjl,wjg, ’u}jg).
Note that w; represents the weight of the j-th criteria,
C; and x;; is the performance rating of the i-th alterna-
tive, A;, with respect to the j-th criteria, C;, evaluated
by k evaluators. This study applies the method of an
average value to integrate the fuzzy performance score
x;; for k evaluators concerning the same evaluation
criteria, that is,

xij:(x;jl+x;j2+...+x;jk)/k, (3)

where :r;jk is the rating of alternative A; with re-
spect to criterion C; evaluated by k-th evaluators, and

,Tl-_jk = (afjk,bfjk,cfjk). Linguistic evaluations (shown

in Tables 3 and 4) are converted into triangular fuzzy
numbers to construct the fuzzy decision matrix, and
the fuzzy weight of each criterion given by Eq. (3) is
determined.

Step 4: Construct the normalized fuzzy decision
matrix. The normalized fuzzy decision matrix denoted
by R is shown as:

R = [rijlmxn- (4)

If (5,9 =1,2,...,m, j =1,2,...,n) are triangular
fuzzy numbers, then the normalization process can be
performed by

rij = (aiz /¢, b /5, i/ €)

i=1,2,...m, jé€EB,

where B is the set of benefit criteria.

*

¢j

j € B. (6)

maxcgj,
i

Step 5: Construct the weighted normalized fuzzy
decision matrix. The weighted normalized value V is
calculated by:

V11 V12 V13 ... Vin
V21 V22 V23 ... VU2n
V=|wv31 v32 v33 ... U3 |, (7)

Uml Um2 Um3 ... Umn
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wir11 w2ri2 ... Wiryy; ... WpTin
wiT21 W2T22 ... WiT2; ... WnT2n
V= (8)
wWiri1  WaTi2 - W;T4 - WnTin
_’LU1’I”m1 W2Tm2 «.. WiTmj ... WnTmn i

Step 6: Identify the set of positive ideal (A*) and
negative ideal (A7) solutions. For the order of selecting
the fuzzy positive ideal solution (FPIS, A*) and the
fuzzy negative ideal solution (FNIS, A™), it is thus
utilized as (MAHDAVI et al., 2008):

FPIS = A* = (v],v3,05,...,0)

- Up

= {(m?xvij/izl, 2,...,m),j=1,2,...n}, (9)

FNIS =A™ = (v ,v5,05,...,0,)
= {(minv;;/i=1,2,...,m),j=1,2,....,n}. (10)

The situations of F'PIS and FNIS, as well as the corre-
sponding triangular fuzzy numbers of those situations
are determined.

Step 7: The similarity degree of each alternative
from A* and A~ as S* and S™, can be calculated by
using the following equation (MAHDAVI et al., 2008):

1

S(ah) = —
(a,9) 14 Dy 1/9(a,b)’

(11)
where D, , is the distance, indexed by the parameters
1< p<ooand0< g <1, between two fuzzy numbers
a and b, and is a non-negative function as described
next.

For the triangular fuzzy numbers a = (a1, a2, as)
and b = (b1, ba, b3) the above distance with p = 2 and
q = 1/2 is calculated as:

1
Daajala,b) =/ lo + 3l (12
where

3
xTr = Z (bZ — ai)2 + (b2 - a2)2 s

i=1

Y= Z (bi - ai) (bi+1 - ai+1)-

ie{1,2}

Step 8: Calculate similarities to the ideal solution.
This step solves the similarities to an ideal solution by
the following equation:

oc; L, (13)

Step 9: Rank the preference order. Choose an al-
ternative with minimum CC; or rank the alternatives
according to C'C; in the ascending order. Figure 2 sum-
marizes the procedure of application of the fuzzy TOP-
SIS methodology (MAHDAVI et al., 2008) in a flow
chart.

Construct the matrix of compiling the
alternatives versus criteria for the given

S
Choose the Linguistic variables for the importance weight of each
eriterion Linguistic variables for the ratings

'

Enter the ratings proposed by Decision Makers for various
alternatives with regard to criteria; the importance weight of the
criteria assigned by Decision Maker and develop a fuzzy
decision matrix and fuzzy weights of their alternatives

!

Construct the fuzzy normalized and fuzzy weighted
normalized decision matrix

!

Identify the set of positive and negative ideal solutions.
Select the fuzzy positive ideal solution (FPIS) and fuzzy
negative ideal solution (FNIS)

» l
Calculate similarity degree of each
candidate to FPIS & FNIS

!

Calculate Closeness Coefficient (CC))

!

Rank the preference order of each
alternative

Does the highest
ranking option fit with
Best practicable and
Economical option

Fig. 2. Flow chart of the Fuzzy TOPSIS approach.

3. Application of the TOPSIS approach
8.1. Problem formulation

The application of the fuzzy TOPSIS approach
demonstrated by MAHDAVI et al., 2008 and discussed
previously is thus utilized for selection of the optimal
road traffic noise abatement strategy. The hierarchi-
cal structure of the problem is shown in Fig. 3. The
various benefit criteria considered for the problem are
summarized as:

e Insertion Loss (C1),
e Structural Integrity (C2),
e Compatibility with Environment (C3),
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| Optimal Noise barrier selection strategy l

Criteria
l ! l l ) L l I
Insertion Structural Compatibility Maintenance Safety Installation Corrosion Economic Ventilation,
Loss Integrity with and Resistance|  |Considerations Lighting,
Environment Durability Drainage,
Vandalism
Alternatives
T-Top Y-Top Jagged | |Cylindrical Mushroom Multiple Transparent Concrete Reflective Polycarbonate
whbabsorplive: | | with absorptive Top Top Top Edge Barrier Barrier Barrier Sheets
top top TOD

Fig. 3. Various alternatives and criteria considered for selecting the optimal noise barrier for road traffic noise abatement.

Maintenance (C4),

Safety and Durability (C5),
Installation (C6),
Corrosion Resistance (C7),

Economic Considerations (C8), and

Ventilation, Lighting, Drainage, Vandalism (C9)

The various alternatives, i.e., types of noise barriers
considered for road traffic noise abatement are:

e T-top with absorptive top,
e Y-top with absorptive top,
e Jagged top,

e Mushroom top,

e Cylindrical top,

e Multiple edges,

o Reflective,

e Transparent,

e Concrete,

e Polycarbonate sheet.

Table 3 shows the Strength, Weaknesses, Oppor-
tunities, and Threats (SWOT) for various types of
noise barriers options available, which can help a de-
cision maker to identify the pros and cons associated
with each alternative while awarding the linguistic rat-
ings. The fuzzy TOPSIS approach is utilized to select
the best alternative amongst Al to A10 satisfying the
benefit criteria C1 to C9. Three experienced decision
makers: D1, D2, and D3, gave their opinions in terms
of linguistic variables. The experienced decision mak-
ers use the linguistic weighting variables for ascertain-
ing the importance of the eight criteria as shown in
Table 4. Then linguistic rating variables for evaluat-
ing the rating of the alternatives with respect to each
criteria was assigned by the three decision makers as
shown in Table 5. The linguistic variables were con-
verted into triangular fuzzy numbers listed in Tables 1

and 2. It may be noted here that for the criteria “in-
sertion loss” and “economic considerations”, a relative
comparison was done by the decision makers based on
the insertion loss provided by the ten alternatives in
dB(A) and costs incurred in Rupees/m?. As these two
factors are based on actual calculations, so Table 5 in-
corporates the decisions D1, D2, and D3 as same for
these criteria. Thus, for T-top barriers with the ab-
sorptive top of the highest insertion loss, a linguistic
variable of Very Good (VG) is assigned, which is trans-
formed into equivalent triangular fuzzy numbers listed
in Table 2. The polycarbonate sheet option, reflective
barriers were assigned a Fair rating. While compar-
ing the costs, the concrete barriers have the highest
costs incurred in Rupees/m? and thus it is assigned
a Very Poor (VP) rating, as minimal cost was the pre-
ferred alternative. However, the polycarbonate sheets
have the minimum costs incurred in Rupees/m? and
thus it was assigned a Very Good (VG) rating. A Mat-
lab code, TOPSIS.m was developed for doing all these
computations in minimum time intervals.

3.2. Results and discussion

Table 5 exhibits the ratings of seven alternatives by
decision makers under all criteria. The fuzzy decision
matrix and fuzzy weights of their alternatives are de-
termined as shown in Table 6. Consequently, a fuzzy
normalized decision matrix is developed as shown in
Table 7. The weighted normalized fuzzy decision ma-
trix is developed as shown in Table 8. Table 9 shows
the FPIS and FNIS values determined using step 6
described in Sec. 2.

The similarity degree of each alternative from FPIS
is given in Table 10, while that from FNIS is in Ta-
ble 11. Finally, the closeness coefficient of each alter-
native is calculated in Table 12.
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Table 12. Ranking of various alternatives for optimal
noise barrier selection.

Si S; CcC; Rank
Al 7.3063 7.7758 0.5156 \%
A2 6.9105 8.2148 0.5431 VII
A3 7.0420 7.9598 0.5306 VI
A4 6.7623 8.3381 0.5522 VIII
A5 6.6855 8.5265 0.5605 X
A6 6.7196 8.5442 0.5598 IX
A7 7.8412 7.1278 0.4762 II1
A8 8.1834 7.0981 0.4645 1I
A9 7.5463 7.4333 0.4962 v
A10 8.4656 6.8542 0.4474 I

It can be thus observed that the ranking order of
eleven alternatives is A10, A8, A7, A9, A1, A3, A2, A4,
A6, and A5. The best optimal alternative is A10, which
is polycarbonate sheets followed by concrete barriers,
transparent barriers, reflective barrier, T-top with ab-
sorptive top, Jagged top, Y-top with absorptive top,
cylindrical, multiple edges barrier, and mushroom top
barriers.

It may be noted here that the present order cannot
be generalized to every site and situation and thus, the
selection of the optimal alternative may differ from one
site to another. Also, the expert opinion may differ on
each and every aspect pertaining to the site specific
conditions, etc., as the effectiveness of a noise barrier
depends upon its geometry; acoustic characteristics
such as sound reflection, diffusion of surface exposed
to noise, airborne sound insulation; installation factors;
deterioration with time; site geometry; ground profile;
site acoustic characteristics; ground impedance, and
meteorological conditions (GARAI et al., 2000). How-
ever, the present work serves as an illustrative example
that can be easily applied with no computational com-
plexities inviting the opinion of any number of experts
(fuzzy numbers will change) to formulate an effective
strategy for selection and installation of a noise barrier
considering all these alternatives with regard to criteria
considered. It may be noted that in the present study,
the multiple edges top barrier is selected as the least
priority, which may not be applicable for every site
or source noise mitigation. The application of multi-
ple edges top barriers or the so called profiled noise
barriers having a better acoustical performance than
conventional concrete structures can be very effective
for specific applications wherein a single source has to
be screened. The noise barrier designed for Delhi Metro
Rail Corporation (DMRC), New Delhi, India consist-
ing of half Y shaped structure that includes a 2 mm
thick aluminium alloy as the back plate, 1 mm thick
aluminium alloy sheet (30% open) as facing surface,
50 mm thick glasswool of density 40 kg/m? wrapped in

tissue bags and polythene cover, and the whole assem-
bly fixed in a GI framework serves as an illustration
of specific source noise mitigation (MOHANAN et al.,
2001). The use of the TOPSIS approach can thus be
very helpful for the town planners and development
authorities for selecting the best practicable option,
considering all the pros and cons, as the long term
stability of the barrier and compatibility with the lo-
cal environment are equally important as the acous-
tical considerations are, especially for the road traf-
fic noise abatement and control (GARG et al., 2015a;
2015b).

4. Conclusions

The paper presents an application of TOPSIS
method with fuzzy data to determine the most prefer-
able choice amongst all the possible types of noise bar-
riers available for traffic noise abatement. The work
utilizes the fuzzy TOPSIS model proposed by MAH-
DAVI et al. 2008 in selecting the best alternative with
regard to various criteria considered. A SWOT anal-
ysis of various types of noise barrier options is pre-
sented. Thus, a case study of eleven noise barrier al-
ternatives with respect to nine different criteria is pre-
sented whereby three decision makers have assigned
the linguistic variables for rating these alternatives.
Consequently, a fuzzy decision matrix is developed
obtaining the FPIS and FNIS values. The closeness
coefficient of each alternative is finally calculated so
as to determine the ranking order of all alternatives.
The proposed methodology is simple and easy to ap-
ply and thus finds its great applicability in various
decision making problems. It is envisaged that the
fuzzy TOPSIS approach can be efficiently utilized by
town planners, architects, and development authori-
ties in selection of Best Practicable and Economical
Option (BPEOQO). The present approach is flexible in
handling a large number of alternatives for several cri-
teria, which makes it indispensable to be considered
in solution of such problems. Thus, the approach is
quite flexible for solving problems related to selection
of appropriate material for only one type of barriers
also subject to the criteria listed in the paper. It may
be noted that linguistic variables assigned for each
of the noise barrier alternatives wversus criteria con-
sidered cannot be generalized to every situation and
thus may change according to the site specific con-
ditions and judgment of a decision maker. However,
the methodology demonstrated can be widely applied
to any site or source specific noise mitigation for de-
cision making process to select and install optimal
noise barriers. Future work shall focus on the compar-
ison of the results sought with the above methodology
with that to the use of other decision making prob-
lems.
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