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Bamboo is a viable reinforcement material due to its high strength-to-weight ratio, cost-ef-
fectiveness, and eco-friendliness. However, raw bamboo poses challenges such as high water
absorption and a weak bond with concrete, which can be mitigated by appropriate coating
material. An entropy-driven fuzzy TOPSIS (Technique for Order of Preference by Similarity
to Ideal Solution) is intended to analyze and determine the optimal coating material. Entropy
method is used to compute criteria weights whereas fuzzy-TOPSIS is used to rank alternatives
by solving uncertainties and subjective preferences. The data set used was literature-based to
make a decision on thirteen coating materials, the properties of which were studied based on
four parameters, namely concrete compressive strength, bamboo tensile strength, embedded
length and the pullout load. The results show that the epoxy-based resin material Sikadur-752
had the highest relative clossness of 0.6348. To ensure that the model was reliable under dif-
ferent weight scenarios, sensitivity analysis was also carried out. The proposed model ad-
vances coating material selection for bamboo reinforcement, offering a framework for future
research. This study contributes to the development of bamboo-reinforced concrete construc-
tion for improving structural performance and service life.
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INTRODUCTION

possess adequate structural properties. A few natural and

The demand for housing continues to rise, driven by synthetic replacements for steel have been explored in the

population growth and urban migration. In order to con-
struct these houses, huge amounts of steel and concrete are
needed, materials that are limited in supply and whose pro-
duction is extremely polluting, releasing 1.91 tonnes of CO,
per tonne of steel [1]. This has prompted the exploration
of alternative materials that are affordable, sustainable, and
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last few decades, and bamboo has emerged as one of the
promising natural alternatives to steel for affordable hous-
ing [2-5].

However, raw bamboo presents significant challenges,
including high water absorption and poor bonding with
concrete. Bamboo absorbs and releases moisture during the
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casting and curing process, as shown in Figure 1; During
the casting and curing process, bamboo absorbs water from
concrete and expands; then releases moisture and contracts..
This process of swelling and shrinkage may affect the integ-
rity of structure. Chemical treatments are provided to address
this issue by creating an impermeable coating on the bamboo
surface. These treatments also enhance the bond strength
between bamboo and concrete by increasing adhesion [6-8].
While many treatments have been explored, the question of
which is most effective remains unresolved.

The study of the bond behavior at the bamboo-con-
crete interface using pull-out tests has been performed on
the influence of different chemical treatments, including
bitumen asphalt emulsion [9], sulfur [10], varnish [11],
sikadur-32 gel [7,12], negrolin [13], SJK-61 epoxy mortar
[14], bondetite [15], tack coat [16], water-based epoxy coat-
ing [3], sikadur 752 [17], algicoat RC-104 [18], araldite [19],
linseed oil [20], spar varnish [21], oil paint [22], Bituminous
paint [8], synthetic resin [23], and sikadur-32 LP [24]. The
findings highlight the extensive range of existing chemical
treatments that could make the bond stronger, which shows
the gap between the most efficient ones. Many studies, for
instance, test different coating materials under varying con-
ditions, making it challenging to establish a reliable com-
parison standard. This limitation emphasizes the need for a
comprehensive, data-driven approach to material selection.

Multi-criteria decision-making (MCDM) methods
have been established and extensively used in different
areas to address the problem of choosing the appropriate
material among numerous viable choices. For instance,
Chanpuypetch et al. [25] utilized AHP and TOPSIS to
select bamboo products whereas Ozmen-Akyol [26]
employed fuzzy TOPSIS in selecting the material used in

marine settings. Likewise, YILDIZ [27] used fuzzy TOPSIS
in selecting mobile RFID readers. Rahim et al. [28] utilized
fuzzy TOPSIS for material selection in automotive body
panels. Prasad et al. [29] proposed a model for selecting
appropriate coating materials for magnesium alloys by inte-
grating Fuzzy AHP and TOPSIS techniques. In other stud-
ies, Vijayakumar et al. [30] and Calik [31] used Fuzzy AHP
and Fuzzy TOPSIS to evaluate and select projects. Chatterjee
[32] introduced VIKOR and ELECTRE for material selec-
tion, while Reddy et al. [33] proposed a model for choosing
sustainable building materials using entropy-driven fuzzy
TOPSIS. A hybrid model for prioritizing key parameters of
a sustainable supply chain was proposed by Shirazi et al.
[34]. Nevertheless, the techniques have not been widely
used in the choice of coating to be used on bamboo when
reinforcing concrete. The literature review indicates that
Fuzzy TOPSIS model has been a common tool of MCDM
that has been able to counter uncertainty and vagueness in
the process of decision making [35].

This study is novel as it combines the concepts of entropy
and fuzzy TOPSIS to rank and assess coating materials used
in the bamboo reinforcement. These contributions are the
building of a decision-making model on the selection of
materials and the determination of the most suitable coat-
ing material to use in the bamboo reinforcement.

The proposed research applies the entropy approach to
analyze objective criteria in terms of their overall impor-
tance and fuzzy TOPSIS to cope with the uncertainty of the
material selection. The sensitivity analysis is used to con-
firm the strength of the results. The study allows developing
a consistent framework of the strengthening of the bond
and overall performance of bamboo reinforced concrete
structures.
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Figure 1. Behavior of untreated bamboo as reinforcement in concrete: (a) in fresh state, (b) in the curing process, and (c)

in hardened concrete.
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MATERIALS AND METHODS

Following an extensive literature review on the bond
properties of bamboo-reinforced concrete, 13 studies were
selected based on the availability of data relevant to the
decision criteria of the proposed model. The optimal coat-
ing material identified in each study is chosen as a deci-
sion alternative for this research and is presented in Table
1. Four parameters that influence bond strength, includ-
ing the compressive strength of concrete (fc), the tensile
strength of bamboo (T), embedded length (la), and pullout
load (P), were chosen as decision criteria. Each parameter
is crucial in determining bond strength, as outlined below.
Compressive strength of concrete (fc) makes the concrete
stronger to hold the bamboo, facilitates the transfer of
loads and minimizes cracking at the interface, which makes
bonding stronger. The tensile strength of bamboo (T) is
also significant since the higher the tensile capacity of the
bamboo the higher the pullout forces that can be resisted
resulting to better bond performance. Additionally, the
embedded length (la) significantly affects bond strength,
with longer lengths providing increased surface area for
mechanical interlock, thereby improving resistance against
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Figure 2. Schematic representation of (a) Pullout samples
(b) Forces related to bond.
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Figure 3. A flow chart for the selection of coating material using Entropy-fuzzy TOPSIS.
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pullout. The pullout load (P), on the other hand, is the
force applied during bond testing, higher loads require
stronger bonds to prevent slippage, making it a key factor
in assessing bond performance. The 28-day compressive
strength of the concrete and the average ultimate tensile
strength of bamboo were obtained from the studies. The
embedded length varies depending on the specimen type
and is expressed as a percentage to standardize the results
across varying specimen sizes. Bond strength depends on
the cross-sectional area of bamboo; the smaller the section,
the stronger the bond is, and vice-versa. To overcome this,
the pullout load is computed through equation 1, which is

based on the equilibrium condition as shown in Figure 2.

Where, P = pullout force applied (kN); T = bond strength
(MPa); la = embedded length (mm) of a bamboo; and p =
perimeter of bamboo (mm)

This study aims to develop a multi-criteria deci-
sion-making (MCDM) model, specifically utilizing the
entropy-fuzzy TOPSIS model, to identify the optimal coat-
ing materials for bamboo reinforcement in concrete. The
proposed model involves two stages: first, the calculation of
decision criteria weights using Shannon’s entropy method,
and second, the evaluation and ranking of decision alterna-
tives (coating material) using fuzzy TOPSIS. Figure 3 illus-
trates the flowchart of the proposed model.

Shannon Entropy Method
The Shannon Entropy Method is used for objective
weight assignment in MCDM. It helps to determine the

P=1pla (1) importance of different factors based on their entropy
Table 1. Data collected from existing literature
Alternative Author Concrete  Tensile Embedded Coating Chemical Bond Pullout
strength  strength of length (%) material constituents  strength  load (kN)
(MPa) Bamboo (MPa)
(MPa)

Al Ghavami [7] 20 119.02 33.33 Sikadur 32 Epoxy resin 2.75 24.75

A2 Sakaray et al. 30 125 50 Algicoat RC-  Polymer 1.64 19.31
[18] 104 admixture

A3 Terai and 10 197 85 Synthetic Synthetic Resin  1.34 22.50
Minami [23] Resin

A4 Kute and 22.52 133.6 100 Bituminous Bitumen 1.19 9.64
Wakchaure [8] Paint

A5 Moroz et al. 13.7 84.7 33.33 Spar varnish ~ Oiland resin ~ 1.49 11.7
(21]

A6 Javadian et al. 20 320 66.67 Moisture seal Water-based 3.65 29.20
(3] epoxy

A7 Rahmanetal. 20 236.14 50 Bisphenol A Bisphenol A 1.09 10.69
(35]

A8 Khatib and 40 140 50 Linseed oil Linseed oil 1.11 7.77
Nounu [20]

A9 Mali and Datta 28 200 50 Bond tite Epoxy adhesive 1.4 7.80
(15]

Al0 Mubhtar et al. 31.31 126.68 66.67 Sikadur 752 Epoxy resins 2.25 27.00
(17]

All Rahim et al. 32.95 169.27 50 Tack coat Asphalt 2 9.42
[16] emulsions

Al2 Tazowar etal. 224 135 50 Araldite Methacrylate ~ 1.24 10.35
[19] adhesive

Al13 Wang et al. [14] 41.1 85.6 50 SJK-61 epoxy Modified 4.7 9.23

mortar epoxy resin,

curing agent,
and functional
aggregate in a
mass ratio of
2:1:10.
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values. Shannon [36] suggests that in decision analysis,
the accuracy and reliability of outcomes are significantly
influenced by the quantity and quality of data. Shannon’s
entropy measures the valuable information in a dataset and
is used to determine criteria weights in MCDM methods
like TOPSIS. Since the criteria used in making decisions
are ambiguous and vague, the entropy method based on
Shannon will be employed in Stage 1 to establish the objec-
tive weights. The advantage of Shannon entropy is that it
is capable of capturing implicit information across vari-
ous criteria to do a value dispersion analysis. In addition,
studies of TOPSIS have established that there has been an
increasing interest in the use of Shannon entropy [37]. The
following steps outline Shannon’s entropy methodology in
detail:

Step 1: The initial decision matrix (D) is formed for m
alternatives and n criteria.

D = (xi),,, )

Where x;; shows the value of j criterion from the i"
alternative.

Step 2: Normalization of initial decision matrix (D)
Xij

m
i=1%ij

7 , 1=123,..m j=123,..,n

3)

ij =
Step 3: The information entropy (e;) of criterion j is
given by

_Lzﬁl Zij ani]'Jj = 1,2,3, v, n

e. =
J Inm

(4)

Step 4: Compute the entropy weight (w;) of criterion k

w.

1-ej
J -
= =123,..,n

S G-e)’’ (5)

Fuzzy Topsis

Among the widely used multi-criteria decision-making
(MCDM) techniques, TOPSIS is an effective and practical
method for ranking and selecting alternatives by measuring

pa(x)
IEL BM AM

their distances from ideal solutions. A TOPSIS model iden-
tifies the best solution by choosing the alternative nearest
to the fuzzy positive 1deal solution (FPIS) and the one fur-
thest to the fuzzy negative ideal solution (FNIS). The FPIS
represents the best alternatives by considering the highest
performance values, while the FNIS identifies the worst
alternatives by considering the lowest performance values.
Since fuzzy numbers are commonly used to handle uncer-
tainty and imprecision in decision-making, Fuzzy TOPSIS
extends the traditional TOPSIS approach by incorporating
fuzzy theory. This enhancement provides a more flexible
evaluation of alternatives based on specific criteria, help-
ing decision-makers assess trade-offs more effectively and
make informed choices tailored to their priorities. The
basic definitions of fuzzy numbers and fuzzy sets are given
below [38-41]:

This study uses triangular fuzzy numbers (TFNs) as
linguistic variables for the assessment and ranking of
alternatives.

Definition 1: A membership function pz(x) often
known as the grade of membership of x in 4, characterizes
a fuzzy set A in a universe of discourse X. A triangular fuzzy
membership function is shown in Figure 4.

Ha(x)

a b c

Figure 4. A fuzzy membership function in the form of a
triangle.

EH

0 1 3 5 7

9

10 X

Figure 5. Membership functions of the linguistic variable for evaluating criteria.
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Definition 2: A triangular fuzzy number is represented
as a triplet A = (a, b, ¢). The membership function pz(x)
of triangular fuzzy number (TFN) can be calculated using
equation 6.

x <1,

— @ <x<)h,

- 6
*h<x< c, (©)
0 x>c

pa(x) =

Definition 3: Let p = (p1, P2, P3) and § = (g4, 94, q3) be
two triangular fuzzy numbers. Then, the arithmetic opera-
tion between these two triangular fuzzy numbers is defined
as follows:

P+ 4= P1L02ps) +(q1,92.93) = (P1 + 1, P2 + 42, D3 + q3)
P—q=(@up2p3) — Q192 93) = 01— 41, P2 — 2, P3 — q3)
P X4 = (P112P3) X (41,92,q3) = @1 * 41, P2 * G2,P3 " 43) (7)
9/q = (p1,p2,3)/(q1, 42, 43) = (P1/91, P2/ G2, P3/93)

kp = k(p1,p2,p3) = (kpy, kpz, kps)

This study employs triangular fuzzy numbers (TFNs)
as linguistic variables to assess and rank alternatives. As
shown in Figure 5, the criteria ratings from the fuzzy deci-
sion matrix are converted into TFNs. Following are the
steps used in this study to implement the fuzzy-TOPIS
model [38,42,43]:

Step 1: Construct a fuzzy decision matrix based on the
ratings of m alternatives and n criteria using equation 8.
Ratings for each alternative are assigned using linguistic
variables represented by triangular fuzzy numbers (TFNs),
as shown in Table 2.

ki ki k1n

~ kyn K . k

p=| "™ 22 - 2n ()
kmi kma o kgn

Where, rows represent alternatives (i = 1, 2...., m) and
the columns represent criteria (j = 1, 2....,, n)

Step 2: Calculate the normalized fuzzy decision matrix
(T) which can be represented by equation 9.

Table 2. Linguistic variables represented by triangular fuzzy
numbers (TFNs)

Linguistic variable Triangular fuzzy
numbers (TFNs)

Extremely low importance (EL) (0,0,1)

Low importance (L) 0,1,3)

Below moderate importance (BM) (1,3,5)

Moderate importance (M) (3,5,7)

Above moderate importance (AM) (5,7,9)

High importance (H) (7,9, 10)

Extremely high importance (EH) (9, 10, 10)

T=[ty] G=12..m j=12.,1) (9
The value of the beneficial criteria (fij), is calculated
using the following formula:

Fo= Pij 4ij Tij
g =\

iy

£ o= (”_f 17} p_f)
7] g s
Tij dij Pij

Where rj+ = maximumr;;and p; = minimum p;;
Step 3: Determine the weighted normalized fuzzy deci-
sion matrix (V) The normalized fuzzy decision matrix and

(10)

(11)

weight vector of evaluation criteria are used to compute the
weighted triangular fuzzy decision matrix.
v =[w]

(i=12..mj=12..,n) (12)

mxn

Step 4: Calculation of fuzzy positive ideal solutions
(FPIS) and fuzzy negative ideal solutions (FNIS) can be
accomplished using equations 14 and 15.

A® ={(maxf; 1 j€]);(minsy;1j€J)} or

14
AS = (B, 55, e, BT (14)

AP ={(minf; | j€J); (maxfy; 1 j€J)} or
(15)

Where J = {j = 1, 2..., n | j associated with positive
attribute} and J' = {j = 1, 2..., n | j associated with negative
attribute}

Step 5: The separation measure of each alternative can
be calculated using equations 16 and 17.

L§=37", d(0,;9) i=12,..,m; j=12,..,n (16)

LE=3r, d(#;97) i=12,..,m; j=12,..,n (17)

Where LS and L? are the distances of each alternative,
forming the best and worst fuzzy solution, respectively.
And d represents the distance between two fuzzy numbers
and calculated by

A@. D= =00+ =)+ =07 (19)

Step 6: Obtain the relative closeness to the ideal solution
using equation 19.

B
+_ L
C;

=—i_ j= om0 Cr <
O+1F i=12,. m0<(C <1

(19)
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Table 3. Variation in criteria weights in percentage

Criteria Change in weights (%)

C1 C2 C3 C4 C5 Cé
Concrete strength -6.4 +6.4 -13 +13 -19 +19
Tensile strength of bamboo -6.4 +6.4 -13 +13 -19 +19
Embedded length -6.4 +6.4 -13 +13 -19 +19
Pullout load +10 -10 +20 -20 +30 -30

Step 7: Create a set of alternatives in descending order
of preference based on relative closeness. The most pre-
ferred alternative is the one with the maximum (C;*), while
the least preferred alternative is the one with the minimum
€.

Validation of the Proposed Model Using Sensitivity
Analysis

A sensitivity analysis is conducted to confirm the sta-
bility of the proposed Entropy-Fuzzy TOPSIS model by
systematically changing the weight of the criteria. The
analysis is required to ensure that the outcomes are not too
dependent on specific weight distributions and that results
are consistent under different conditions. The objective
is to assess how material rankings changed under various
weighting scenarios, thereby verifying the model’s reliabil-
ity and robustness. This analysis enables an evaluation of the
stability and consistency of the rankings produced by the
Entropy-Fuzzy TOPSIS model under varying conditions
[44,45]. In this study, the criteria weights were adjusted by
+10%, £20%, and +30%, with the remaining weights pro-
portionally modified to maintain a total of 100%. Six con-
ditions resulting from these adjustments are labeled C1, C2,

C3, C4, C5, and C6, as shown in Table 3. These results are
then compared to the proposed model, labeled CO.

RESULTS AND DISCUSSION

The findings of this study are categorized into three
segments. In Section 2.1, the entropy weight method is
employed to calculate the decision criteria weights. The
performance and ranking of the coating materials are then
determined using the fuzzy TOPSIS model, as outlined in
Section 2.2. Validation of the entropy-fuzzy TOPSIS model
is detailed in Section 2.3.

Weight Calculation Using Entropy Weight Method

The weights of the decision criteria are determined
using the entropy weight method. The initial decision
matrix for the coating material with all the chosen criteria
is shown in Table 4.

A normalized decision matrix is created by normalizing
the initial decision matrix, as shown in Table 5.

The information entropy for each decision criterion (ej)
and entropy weight for each criterion (w;) are calculated
and given in Table 6,

Table 4. The initial decision matrix for the coating material concerning decision criteria

Alternative Concrete strength (MPa) Tensile strength of Bamboo (MPa) Embedded length (%) Pulloutload (kN)
Al 20 119.02 33.33 24.75
A2 30 125 50 19.31
A3 10 197 85 22.50
A4 22.52 133.6 100 9.64
A5 13.70 84.7 33.33 11.7
A6 20 320 66.67 29.20
A7 20 236.14 50 10.69
A8 40 140 50 7.77
A9 28 200 50 7.80
Al0 31.31 126.68 66.67 27.00
All 32.95 169.27 50 9.42
Al2 22.4 135 50 10.35
Al3 41.1 85.6 50 9.23
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Table 5. Normalized decision matrix

Alternative  Concrete strength (MPa)  Tensile strength of Bamboo (MPa) Embedded length (%) Pullout load (kN)
Al 0.0602 0.0574 0.0453 0.1241

A2 0.0904 0.0603 0.0680 0.0969

A3 0.0301 0.0951 0.1156 0.1129

A4 0.0678 0.0645 0.1361 0.0484

A5 0.0413 0.0409 0.0453 0.0587

A6 0.0602 0.1544 0.0907 0.1465

A7 0.0602 0.1140 0.0680 0.0536

A8 0.1205 0.0676 0.0680 0.0390

A9 0.0843 0.0965 0.0680 0.0391

Al0 0.0943 0.0611 0.0907 0.1354

All 0.0993 0.0817 0.0680 0.0473

Al2 0.0675 0.0652 0.0680 0.0519

Al3 0.1238 0.0413 0.0680 0.0463
Table 6. Information entropy (ej) and entropy weight (wj) of the decision criteria.

Criteria Concrete strength Tensile strength of Bamboo Embedded length Pullout load
& 0.9749 0.9721 0.9812 0.9538

W, 0.2128 0.2363 0.1594 0.3915

1

The entropy weights (w;) for the selected decision crite-
ria are shown in Figure 6. According to the outcomes, the
most significant decision criterion in the evaluation of the
performance of coating materials is the pullout load with
the maximum weight of 0.3915. Bamboo tensile strength
is second with a weight of 0.2363. Concrete strength is fol-
lowed by weight of 0.2128 and embedded length has least
weight of 0.1594.

[ Pull out load

[ |Embedded length

[ Tensile strength of Bamboo,
[ Concrete strength

.3915

P.15938

Criteria

123632

121281

T T T T T
0.15 0.20 0.25 0.30 0.35 0.40

Entropy Weight

T T T
0.00 0.05 0.10 0.45

Figure 6. Entropy weight of decision criteria.

Assessment and Ranking of Coating Materials Using
Fuzzy Topsis

The fuzzy decision matrix is obtained by converting
the decision criteria of each coating material into TFNs to
reflect the uncertainty and ambiguity in the data. The map-
ping of each criterion is determined by the location of the
rating within the range of minimum and maximum values.
The resulting fuzzy decision matrix, encompassing all deci-
sion criteria for the coating material, is shown in Table 7.

After normalizing the fuzzy decision matrix, the nor-
malized fuzzy decision matrix is obtained. By multiplying
normalized values by weights for each decision criterion
in the weighted normalized fuzzy decision matrix, the
weighted normalized fuzzy decision matrix is formed.
Table 8 presents the weighted normalized fuzzy decision
matrix for the coating material with the decision criteria.

In the next step, the distance of each alternative from
the FPIS and FNIS is calculated. The closeness coefficients
of each alternative are determined, and these coefficients
are then used to rank them. Table 9 presents the entro-
py-fuzzy TOPSIS closeness coefficients along with the
resulting ranking of alternatives.

The findings indicate that the coefficient values lie
between 0.0533 and 0.6348 with the highest coefficient
value of 0.6348 belonging to alternative A10. This alterna-
tive is an epoxy resin based material known as Sikadur-752,
it is therefore considered the most suitable. Figure 7 shows
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Table 7. The fuzzy decision matrix for the alternatives concerning decision criteria

Alternative Concrete strength Tensile strength of bamboo Embedded length Pullout load

Al (1,3,5) (0,1,3) (0,0,1) (7,9,10)

A2 (5,7,9) (0,1,3) (0,1,3) (3,5,7)

A3 (0,0,1) (3,5,7) (7,9,10) (5,7,9)

A4 (1,3,5) (0,1,3) (9,10,10) (0,0,1)

A5 (0,0,1) (0,0,1) (0,0,1) (0,1,3)

A6 (1,3,5) (9,10,10) (3,5,7) (9,10,10)

A7 (1,3,5) (5,7,9) (0,1,3) (0,0,1)

A8 (9,10,10) (0,1,3) (0,1,3) (0,0,1)

A9 (5,7,9) (3,5,7) (0,1,3) (0,0,1)

Al0 (5,7,9) (0,1,3) (3,5,7) (9,10,10)

All (7,9,10) (1,3,5) (0,1,3) (0,0,1)

Al2 (1,3,5) (0,1,3) (0,1,3) (0,0,1)

Al3 (9,10,10) (0,0,1) (0,1,3) (0,0,1)

Table 8. The weighted normalized fuzzy decision matrix for alternatives based on decision criteria

Alternative  Concrete strength Tensile strength of Bamboo Embedded length Pullout load

Al (0.0213,0.0638,0.1062) (0.0000,0.0236,0.0709) (0.0000,0.0000,0.0159) (0.2740,0.3523,0.3915)
A2 (0.1064,0.1490,0.1915) (0.0000,0.0236,0.0709) (0.0000,0.0159,0.0478) (0.1174,0.1957,0.2740)
A3 (0.0000,0.0000,0.0213) (0.0709,0.1182,0.1654) (0.1116,0.1434,0.1594) (0.1957,0.2740,0.3523)
A4 (0.0213,0.0638,0.1064) (0.0000,0.0236,0.0709) (0.0478,0.0797,0.1116) (0.3523,0.3915,0.3915)
A5 (0.0000,0.0000,0.0213) (0.0000,0.0000,0.0236) (0.0000,0.0000,0.0159) (0.0000,0.0391,0.1174)
A6 (0.0213,0.0638,0.1064) (0.2127,0.2363,0.2363) (0.0000,0.0159,0.0478) (0.0000,0.0000,0.0391)
A7 (0.0213,0.0638,0.1064) (0.1182,0.1654,0.2127) (0.1434,0.1594,0.1594) (0.0000,0.0000,0.0391)
A8 (0.1915,0.2128,0.2128) (0.0000,0.0236,0.0709) (0.0000,0.0159,0.0478) (0.0000,0.0000,0.0391)
A9 (0.1064,0.1490,0.1915) (0.0709,0.1182,0.1654) (0.0000,0.0159,0.0478) (0.0000,0.0000,0.0391)
Al0 (0.1064,0.1490,0.1915) (0.0000,0.0236,0.0709) (0.0478,0.0797,0.1116) (0.3523,0.3915,0.3915)
All (0.1490,0.1915,0.2128) (0.0236,0.0709,0.1182) (0.0000,0.0159,0.0478) (0.0000,0.0000,0.0391)
Al2 (0.0213,0.0638,0.1064) (0.0000,0.0236,0.0709) (0.0000,0.0159,0.0478) (0.0000,0.0000,0.0391)
Al3 (0.1915,0.2128,0.2128) (0.0000,0.0000,0.0236) (0.0000,0.0159,0.0478) (0.0000,0.0000,0.0391)

the rankings of all the alternatives, according to their rela-
tive closeness coefficients.

Validation of the Proposed Entropy-Fuzzy Topsis Model

The proposed entropy-fuzzy TOPSIS model is validated
through a sensitivity analysis. In this analysis, the weight of
the most influential criterion, pullout load, which had the
highest weight of 0.3915, is adjusted by +10%, +20%, and
+30%. The weights of the remaining criteria were propor-
tionally adjusted to keep the total weight constant. Figure 8
presents the performance of the alternatives under different
conditions in terms of relative closeness.

The analysis results are compared to the proposed
model, revealing that material rankings remained consis-
tent across all weight variation scenarios. It is interesting
to note that alternative A9, Sikadur-752, always ranked
first, regardless of the variations in weight distributions.
These results indicate that epoxy resin-based material,

Table 9. Distance from FPIS & FNIS, relative closeness and
ranking of coating material

Alternative L? L’l? Closeness Ranking
coefficient
Al 0.5420 0.4215 0.4375 4
A2 0.5836 0.3540 0.3776 5
A3 0.4488 0.3992 0.4707 3
A4 0.4195 0.5055 0.5465 2
A5 0.8970 0.0505 0.0533 13
A6 0.6439 0.0832 0.1145 11
A7 0.5798 0.2116 0.2674 6
A8 0.6977 0.2194 0.2393 7
A9 0.6763 0.1649 0.1960 10
A10 0.3378 0.5872 0.6348
All 0.6873 0.1990 0.2246 9
Al2 0.8420 0.0832 0.0899 12
Al3 0.7204 0.2194 0.2335 8
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Figure 8. Performance of the alternatives under different
conditions.

Sikadur-752 is the most suitable option. The sensitivity
of rankings to different weights shows the strength of the
Entropy-Fuzzy TOPSIS model that prioritizes materials
using the criteria chosen. This consistency confirms the
accuracy of the model in the decision making process since
it is able to determine the best performing materials even
when weighting changes are made subjectively.

CONCLUSION

The proposed study introduces a combined entro-
py-fuzzy TOPSIS model that is used to select an optimal
coating material to be used in reinforcing bamboo in con-
crete. The model offers an effective, data-driven approach

to the selection of a coating material by applying a com-
prehensive assessment of those materials in four crucial
parameters, such as compressive strength of concrete,
tensile strength of bamboo, embedded length, and pullout
load.

The results determine an epoxy resin-based material,
Sikadur-752 (alternative A10), as the best coating material,
out of the 13 alternatives, with a relative closeness value of
0.6348. The strength of the selection model is tested using
the sensitivity analysis, where the weight of the most influ-
ential criterion can be varied as high as 30 per cent, with
corresponding changes of the other criteria. These find-
ings confirm that this model is a trustworthy and effective
approach to choosing the optimal coating materials that
can be used to avoid delay and minimize costs. Epoxy resin
Sikadur-752, with its superior bonding properties can be
used as a bonding agent to bamboo reinforcement in con-
crete structures to significantly improve their performance.

The limitations of the proposed model are that lack of
quantitative data on certain selection criteria and uncertain-
ties about the economic feasibility, environmental impact,
and long-term stability of coating materials. Future studies
may fill in these gaps by adding more criteria, e.g., the water
absorption properties of bamboo, the cost of bamboo, and
the thickness and durability of the coating materials, thus
allowing a more in-depth and reliable study.
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