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Abstract

Structural health monitoring (SHM) tries to determine the status of substances, elements, and the life
expectancy of any aircraft building. It also serves as a vital tool for ensuring the structural integrity
and safety of the aircraft. This research used a neutrosophic-Entropy model to assess the structural
cracks in the reinforced concrete aircraft to evaluate its structural performance. For example,
Entropy may be used in the civil engineering profession to pick subcontractors, manage traffic, and
monitor the structural integrity of a structure, among other things. SHM in reinforced concrete
aircraft buildings is examined in this research using the suggested technology. Expert groups were
consulted to help determine the level of significance among the parameters used to monitor the
aircraft's structural integrity. To further understand the structures' actual improvement, the Entropy
approach given here would be quite beneficial. Also, we presented some neutrosophic
multiplications. Neutrosophic multiplication module (NMM) (a.k.a. M,(A)) (commulative group
(A))has produced some surprising new findings, which we explore in this article. As a bonus, we'll
shed some light on a few related topics to the NMM itself. Since the Neutrosophic Jacobson radical
of the A multiplication modules is a Neutrosophic small submodule of M, (A), then M, (A) must be
a Neutrosophic cyclic module, as we demonstrate. Last but not least, we prove that E (Universal) is
a NMM only if and only when it's Neutrosophic divided modules more than a Neutrosophic integral
domain.
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1. Introduction

There is accumulating evidence that adhesively attached fiber composite patches are a viable and
economical repair method for fractured metallic aircraft components [1]. Even though bonded
repairs are long-term successful, it is difficult to anticipate the long-term integrity (longevity) of
sticky connections to metallic structures, especially adhesives created under less than ideal
circumstances [2]. Secondary and tertiary structural repairs, as well as patches designed to reduce
strain rather than fix cracks, are not subject to these restrictions.

Due to the positive connection and the use of a fracture mechanics technique, the occurrence of
minor fatigue fractures at fastener holes may be expected and their development rate is predicted for
mechanically connected metallic patches. A mechanical repair, on the other hand, is detrimental to
the primary sequence and ineffective in reinforcing it.
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There are several drawbacks to mechanically fastened repairs, including the introduction of
additional holes into the primary sequence that can lead to fatigue cracking, and the relatively high
conformance of the repair joint, which results in poor reinforcing effectiveness and the subsequent
need to delete the cracked area.

One of the most fundamental notions in the theory of modules is the multiplication modules. We
provide an indeterminacy to analyze certain aspects of this module, which has been used by other
scholars to study it in abstract form. In 1999, Smarandache [3] presented neutrosophy as an
extension of the intuitionistic fuzzy set. The idea of neutrosophic logic and the neutrosophic set was
thus introduced, where all notions in the logic are approximated to have the proportion of truth,
indeterminacy, and falsity even if this neutrosophic logic is named an outgrowth of fuzzy logic,
particularly to intuitionistic fuzzy logic. Consequently, this logic is referred to as neutrosophic logic.
neutrosophic set, neutrosophic group, and neutrosophic ring are all extensions of fuzzy set[4],
classical set[5], intuitionistic fuzzy set[6], and neutrosophic ring. In the same manner, we acquire the
NMM by generalizing the classical module. By including an indeterminate element into a
neutrosophic algebraic structure, various academics have examined neutrosophic structures.
Algebraic structures, like almost all other branches of algebraic structure theory, rely heavily on
modules[7], [8]. Modules are considered to be an older algebraic concept because of the complexity
of their construction compared to other concepts. A few studies [9]-[12] have looked at certain types
of modules and found them to be beneficial. Thus, we will employ neutrosophic groups [13] for
investigating the emergence of neutrosophic concepts. A novel hyper algebraic idea called
NMM will be introduced in this work.

The structure of the paper is as follows. First, the preliminaries are examined in Section 2, Section 3
introduces the discussion of this work, and it concludes in Section 4.

2. Basic Preliminaries

The following definitions will be utilized throughout this work [14]-[24].

Definition 1.
Tr be a commutative ring of degree one. If the following is true about A:

Tr x A - A (p,q) — pq Such that A is a Commulative group with Tr and satisfies the
following.(pq, )q = p(a:1 9)

(p1+P2)a=p1q+p2q
p(91 + 4z ) = pq; + pa
l.gq=q=q.1
Definition 2.
A, is termed a sub module of A (A; < A)if it’s closed under addition and scalar multiplication.
(x)d+e€A,,
Vd,e € Ay

(*)p de A1;
Vp € Tr, deA;

Definition 3.

Let E be a set that can be applied to every situation. To summarise the neutrosophic N.(E) is
expressed as

H = {(§ Try(§), Indy (8), FLy(®)) : £€€ E} 3 Try,Indy, FLy : E - [0,1].
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The percentages Try, Indy, and FLy represent the degree of truth, indeterminacy, and falsehood,
respectively.

The collection of any E's neutrosophic subsets is denoted by qE.
Definition 4.

Ne(H,)and Ne(H,)are 2 neutrosophic subgroups of the original universe E.
In that if Ne(H;) < Ne(H,) H; € H,

TrNe(H;) < TrNe(H,), IndNe(H,)
< IndNe(H,), FLNe(H,) = FLNe(H,)

Definition 5.

Let (Tr, +,.)be a ring and let Ne(Tr)be a neutrosophic set by Tr and Ind. So Ne(Tr) = (Tr+,..) is
a neutrosophic ring. i.e. the set

< Trulnd > = {Tr; + Tr,Ind : Try, Tr, € Tr}
is a neutrosophic ring generated by Tr and Ind with operation of Tr such that Ind represented the
percentage of indeterminacy.

Definition 6.

If we have M;,(Tr) as a neutrosophic ring and if we take M,,(Tr) as a subset of M,4(Tr), we
define M4 (Tr) as a neutrosophic subring precisely when

1. My(Tr) # 0
2. Myg(Tr) itself is a neutrosophic ring.
3. Myg(Tr) must has a proper subset which is a ring.

We know that if Mg (Tr)is a neutrosophic ring and K is an ideal of Tr. So My (K) is presented the
neutrosophic ideal of neutrosophic ring Tr if :

pk,kp € M (K) 3 p € My(Tr) and k € Mg(K).

Definition 7:

Leta = {(Traa, Indaay), FLagp): 1 € Ujbe an Mg(U).

Then a is called a neutrosophic ideal of U

if it satisfies the following conditions V1,08 € U, Mg(A)be a neutrosophic of module over M, (Tr).
Then any neutrosophic subset M (J)of

Mg (A) is called neutrosophic submodule if:

TRam-0) = Tram ATrace)
Inda(n_ 0) Z Inda(n) A Il’lda(e)
Flam-0) < Fla V Flage)
Tra(ne) = Tra(n) \ Tra(e)
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Inda(ne) > Inda(n) \% Inda(e)
Flage) < Flagy AFLag
Note that any neutrosophic set M_g(])in A is called a neutrosophic submodule if

](0) =E: TI']-(O) =1, Indj(o) = 1and FL](O) =0.

J(d+e)=]J(d)AJ(e)de€A:
Trjca+e) = Trjca) A Trjcey,s

Indj(d+e) = Indj(e) and FLj(d+e) < FL](d) \% FLj(e)-

J(pd) = J(d),
deAp€ETr:
Trj(pd) = Trj(d)v Indi(pd) = Indj(d)and
Flipa) < Flja-

Definition 8.

Let A be a neutrosophic Tr module. Then A is called the neutrosophic multiplication module in case for
every Mg (J)of Mg(A), 3 Mg(K) an neutrosophic ideal of M (Tr) such that

Mg(J) = Mg(K)Mg(A).

Definition 9.

Let X be an initial universe. If My(H;)and M, (H;)are two neutrosophic subsets of A, then Mg (s) =
Mg (H;) N Mg(H,) is also neutrosophic defined as follows.

TRy () = min(TRyyqa1p) (), TRy 0))
Indy () () = min(ndyg e,y 0D, Induggaiy (D)
FLug(() = min(FLygcia,) 0D, FLngaryy (D)
¥] € X, TRy, 1) (1), Id (), FLygy 0 € [0,1],

V] eX, TRMg(HZ)(DI IndMg(Hz)(D: FLMg(HZ)(D € [0,1].

Theorem 1

Let A be a neutrosophic multiplication module M, (A) over neutrosophic ring Tr. If] is a neutrosophic
submodule of M, (A) such that

Me(DNMe(A) M (K) = Me(J)M,(K)

and M. (K) is a neutrosophic ideal of M. (A), then M. (])is a neutrosophic multiplication module.
Proof:
Let M (H) < M.()).
Since M, (A) is a neutrosophic multiplications module, there exists a

Me(K) of Me(Tr) 3 Me(H) = M (A) M (K).
We have Mc(J) N Me(A) Me(K) = Mc(J) M (K.
Then

Me(H) = Me(A)Me(K) c Me(D n Me(A)Me(K)
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= Me(])Me(K) c Me(A)Me(K) = Me(H)
So
Me(H) = M ()M, (K)

So ] is a neutrosophic multiplication module.

Theorem 2.
Let A be a neutrosophic multiplication module over neutrosophic ring Tr and let K be a neutrosophic
maximal ideal of Tr.

Mg(A)

Then YRESTONCS)

is a neutrosophic cyclic module with at most two neutrosophic submodules and

Mg(A) = Mg(A)Mg(K)
or Mg(A)Mg(Tr) is a neutrosophic maximal submodule of Mg (A).

Proof:

Mg(A)

We know that W

isa neutrosophic multiplication module over simple neutosophic ring of

(e ()

If
Mg (A) _ 0
Mg (A)Mg(K) ’
then the
Mg(A)
Mg (A)M,(K)
Is a cyclic with only one neutrosophic submodule. If
M, (A
_ M (A) #0
Mg (A)Mg(K)
then
Mg (A)Mg(K)

is a neutrosophic maximal submodule of neutrosophic module A (Mg(A)). Note that
Mg (A)
Mg (A)Mg(K)

is a neutrosophic cyclic module having only two neutrosophic submodules.

Theorem 3.

Let Tr be a neutrosophic ring with commutative neutrosophic multiplication ideals, My (A) be a
neutrosophic multiplication Tr module and K be a neutrosophic maximal ideal of M, (Tr). If K does not
contain neutrosophic annihilator of any neutrosophic cyclic suomodule of Mg (A), then

Mg() = Mg(DMg(K)
for every neutrosophic cyclic submodule of Mg(A).
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Proof:
Suppose that J be a neutrosophic cyclic submodule of neutrosophic module A,
LeMg()) < My(A).

We have Mg (p) (Mg(])) ¢ K ,where K is a neutrosophic maximal ideal, and

Tr = K + Mg(p) (Mg()).

Thus
Mg()) = Mg(J) Mg(Tr)
= Mg(D(Mg(K) + Mg(p)(Mg(D)
= Mg() Mg(K) + Mg(DMg(p)(Mg()))
= Mg() (Mg(K).
Theorem 4.

For a neutrosophic module A over a neutrosophic ring, if for every neutrosophic submodule J of a
neutrosophic module A (Mg(A) < Mg(A)), there exists a set {J;}; i € Ind of neutrosophic ideals of Tr such
that

Mg() = > My() and My(Jo) = Mg(A)M,(K);

i€Ind

then A is a neutrosophic multiplication module.
Proof:
Assume that Mg(]J) is a submodule of Mg (A). There exists Mg{J;} and Mg (K;) of

Mg(Tr) 3 Mg(]i)

= Z Mg(J;) and J; = Mg(A)M,y(K)Vi € Ind.
Let Mg(K) = ¥ Mg(K;) .
So

Mg() = D Mg() = D Mg(A)M(K)

= Mg(TDO Mg(K:)

= Mg(A)M,(K)
3. Discussion

Taking action in a DM network might be difficult if only little data is provided. To describe such
fragmented data, the idea of fuzzification comes in handy. Both fuzziness and entropy are examples
of methods that provide uncertain results. To quantify uncertainty, Zadeh looked to entropy. Using
Shannon's entropy notion, Lotfi and Fallahnejad offered it for decision-making problems, while
Szmidt and Kacprzyk [26] developed a non-probabilistic entropy measure for the intuitionistic fuzzy
set. The neutrosophic entropy was recently studied by Sing and Huang to predict the Cracks data.
The predicted neutrosophic entropy result was analysed, and a de-neutrosophication technique was
studied in order to get the crisp value. It is for this reason that we have looked at the entropy of each
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discrete measurement in the interval to represent the uncertainty in the Cracks data. In contrast to
prior studies that just took membership value into account, we have taken neutrosophic entropy into
account, along with the membership functions of each crisp witness, to better reflect both the
stochastic and non-probabilistic ambiguity present in Cracks data.

To make sure that goods are of high quality and that customers are happy, quality engineers oversee
and execute the company's quality assurance and control systems. Quality engineers monitor and
teach quality control analysts on new goods.

Businesses cannot function absent their customers, who provide the bulk of their income. To
compete for consumers, all businesses advertise their goods aggressively, lower their pricing to
attract new customers, or provide distinctive items/solutions that people value.

A steel and concrete aircraft's structural crack may be determined by all decision-makers. Letters
were sent to the decision-makers requesting that they assess criteria based on other factors, such as
the severity of structural faults in a reinforced concrete structure, in terms of significance.

The evaluation of the steel and concrete building's structural cracks is influenced by the
requirements listed.

To guarantee that goods meet expectations and customers are happy, businesses often employ
quality engineers to oversee and execute implementation of control procedures. The quality
engineers manage and update the QC analysts' knowledge of cutting-edge items.

Businesses can't stay in business without a steady stream of cash, and that money comes from
satisfied customers. Companies now compete for clientele in a number of ways, including intense
marketing campaigns, price cuts to attract new buyers, and the introduction of novel goods and
services. Each and every one of the decision-makers is an expert in pinpointing the location of the
structural fault in a piece of reinforced concrete. We officially contacted the decision-makers
through letter to grade evaluation is based on other parameters in terms of the level of significance
to examine structural defects in a construction using reinforced concrete. The proposed SVNS-
DEMATEL uses information on decision-makers' language use as its foundation. Each decision
maker's opinion on how the criteria affect structural crack evaluation is included into a Direct
Relation Matrix. The decision makers evaluated the criteria from the related work and survey. Then
apply the mathematical model from the previous section to evaluate criteria.

There are three criteria evaluated by the three experts. The criteria are strain transfer (C1), structural
response (C2), and services load (C3). The data for evaluation three criteria presented in Table 1.
from the previous mathematical model these are ranked from the importance. The structural is the
best criteria and strain transfer is the worst criteria. The numbers in Table 1 is the single valued
neutrosophic scale. Figure 1 shows the rank of criteria.

Table 1: The evaluation of three criteria.

Cl C2 C3
C1 1 0.2 0.6
C2 5 1 0.8
C3 1.667 1.25 1
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Figure 1: The rank of criteria.

4. Conclusion

In the theory of modules, the neutrosophic module is only one of the many significant ideas to be
considered. The NMM has been defined as an algebraic structure in this study. The fundamentals
have been laid forth. Artinian multiplication modules that are finitely produced if they are
neutrosophic cyclic are also finitely generated if they are neutrosophic cyclic. For the case when A
is an integral neutrosophic divisible module, the only way to prove that A is a neutrosophic
multiplier is if and only if E is a neutrosophic cycle module.

To analyze structural fractures, this research outlines the use of neutrosophic sets and decision-
making approaches. We may deduce from our findings that the influence of "Depth of Cover,"
“Moisture Content,” and “Admixture" on assessing structural cracks in reinforced concrete aircraft
can be determined using this approach. The most crucial thing is that the project's success is secured
by the selection of the most influential evaluation criteria. In place of five equal weights, the weight
values of decision makers depending on 3 SVNS memberships are used. In addition to making the
weights of experts more appropriate in real-life situations, the percentage equation is developed.
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