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Abstract: This paper provides a comprehensive overview of the application of life cycle assess-
ment (LCA) to promote sustainable soil practices in construction foundation projects. The aim is
to evaluate the environmental impact and long-term sustainability of soil-related activities in
construction through the lens of LCA. This assessment encompasses a wide array of factors, in-
cluding soil quality, erosion control, contaminant remediation, soil stability, conservation, drain-
age management, and compliance with regulatory standards. To address this multifaceted eval-
uation, we employ a multi-criteria decision-making (MCDM) model, specifically introducing the
Multi-Attributive Border Approximation Area Comparison (MABAC) method. This MCDM
technique is utilized to appraise the sustainability of soil practices and is integrated with a neu-
trosophic set to handle imprecise information. Our study incorporates nine criteria and eight al-
ternative methods. Through the application of LCA, construction professionals can uncover strat-
egies to minimize the carbon footprint of their projects, optimize soil utilization, and enhance
the long-term resilience of their structures. Achieving a comprehensive LCA tailored to the spe-
cific requirements of each project and local regulations necessitates close collaboration between

soil engineers, environmental experts, and construction practitioners.

Keywords: Sustainability, Life Cycle Assessment, multi-criteria decision-making (MCDM), Neu-
trosophic set, Multi-Attributive Border Approximation Area Comparison (MABAC), Environ-
mental Impacts, Construction Foundation.

1. Introduction
Responsible and long-lasting building methods need the careful and long-term
management of soil for use in foundations. The quality, stability, and long-term

performance of the soil directly affect the structural integrity and sustainability of the built
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environment, since the soil is the primary support system for buildings and structures. Soil
quality, erosion control, contaminant cleanup, soil stability, conservation, drainage
management, and regulatory compliance are just a few of the aspects of building
foundations that must be considered while assessing sustainable soil practices [1], [2].

By evaluating sustainable soil practices in building foundations, we can lessen the
negative effects on the environment and make better use of soil materials. In addition to
preserving the foundation's strength and longevity, sustainable soil management also
takes into account the soil's fertility, biodiversity, and ecosystem services. Sustainable soil
practices may help construction sites avoid soil erosion, lessen the likelihood of soil
contamination, improve compaction and stabilization methods, and exercise more
conscientious water management [3], [4].

Physical, chemical, and biological aspects of the soil, as well as its background and
potential for contamination, are all taken into account throughout the assessment process.
Soil erosion may be avoided before, during, and after building by using erosion control
methods including retaining walls and vegetation cover. Soil stabilization methods
including compaction, stabilizing chemicals, and geosynthetic reinforcements are also
used in sustainable soil practices to increase the soil's load-bearing capacity and structural
stability [5], [6]. In addition, sustainable soil practices rely heavily on drainage
management to forestall water collection, waterlogging, and structural damage.
Maintaining healthy ecosystems and ensuring enough soil moisture may be achieved via

the use of drainage systems and sustainable drainage practices [7], [8].

Soil recycling and reuse are included as part of the evaluation of sustainable soil
practices for building footings. Construction projects may promote resource efficiency and
decrease environmental effects by analyzing the quality and appropriateness of excavated
soil to avoid the need for further soil extraction and waste creation. Evaluating sustainable
soil practices in building footings is essential to advancing eco-friendly, long-lasting
building methods. Construction projects can reduce their environmental impact, maximize
soil use, and improve the foundation's long-term performance and sustainability by
paying attention to aspects like soil quality, erosion control, contamination remediation,
soil stability, conservation, drainage management, and regulatory compliance.
Sustainable soil practices not only aid in the conservation of soil resources, but they also
pave the way for the creation of a robust constructed environment that doesn't

compromise the natural balance of its surroundings [9], [10].

We are unable to offer accurate assessment values of options to choose the best
problem in actual MCDM challenges due to the uncertainty of DM's and decision-making
concerns. This shortcoming was addressed in the initial definition of fuzzy set theory by
Zadeh in 1965, which relied on the membership function to express estimated outcomes
rather than precise real numbers [11], [12]. Atanassov introduced a supplementary index

of measurement dubbed the non-membership function. Pythagorean fuzzy sets (PFS) have
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recently been established to handle more complex MCDM situations; its most
distinguishing feature is that the total of squares of membership and non-membership is
constrained to 1. The neutrosophic set was proposed to deal efficiently with indeterminacy,
vague, and uncertain information. The neutrosophic set has three membership functions
to deal with uncertainty like truth, indeterminacy, and falsity membership degrees.[13],
[14]. Initially defined by Pamucar and Cirovic in 2015, the MABAC (multi-attributive
border approximation area comparison) system calculates the distance measure among
every option and the bored approximation area (BAA) [15], [16]. It has many valuable
features, including the following:

e the calculation outcomes by the MABAC technique are constant

e the formulas for calculating formulas are easy:

e it takes the latent values of both advantages and disadvantages into account;

e itis accessible for integration with other models.

Therefore, the MABAC technique is an effective means of producing sound decisions.

The goal of this study, integrate the single valued neutrosophic set with the MABAC

method for the assessment of sustainable soil in foundation construction.

2. Life Cycle Assessment in Construction Foundation

To examine the environmental effect and long-term sustainability of goods, pro-
cesses, and systems, life cycle assessment (LCA) is a useful tool. LCA is essential in the
construction industry for evaluating the environmental friendliness of products including
lumber, electricity, and garbage disposal. The assessment of building footings is one area
where LCA is finding growing use [17], [18].

The stability and support of a building or structure is dependent on its foundation.
The extraction and use of construction materials, energy consumption, soil disturbance,
erosion, and trash creation are only some of the major environmental aspects of building
and maintaining foundations. LCA is used to evaluate the environmental performance of
building foundations from birth to death to solve these issues and encourage sustainable
construction practices [19], [20].

Several important considerations go into an LCA analysis of a building's footing.
Construction-related factors include material procurement and extraction, transportation
effects, building procedures, upkeep needs, and decommissioning issues. When applied
to building foundations, LCA allows for a more thorough knowledge of environmental
implications and aids in identifying areas for improvement [21], [22]. Stability, durability,
and long-term performance of buildings are all strongly impacted by how well the soil
underneath them is managed and maintained. Sustainable soil practices may be evaluated
using LCA, including those related to evaluating soil quality, preventing soil erosion, sta-
bilizing soil, conserving soil, managing drainage, and cleaning up soil pollution. Construc-
tion projects may reduce their ecological footprints, maximize their soil usage, and
strengthen their long-term sustainability by incorporating LCA into their soil management
methods [23]-[25].
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Collect the criteria and alternatives

Build the decision matrix

Normalize the decision matrix

Compute the weighted normalized
decision matrix

Compute the border
approximation area

Compute the distance between
every alternative and b;

Compute the total values of every
alternatives

Rank the alternatives

Figure 1. The steps of the integrated framework.

3. Methodology

This section introduces the MABC method with a single-valued neutrosophic set.

Figure 1 shows the framework of the proposed method [26], [27].

Step 1. Build the decision matrix.
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D

The decision matrix between criteria and alternatives is built based on the opinions of ex-

perts. Three experts built the decision matrix based on the single-valued neutrosophic num-

bers. Then these numbers are used to build the evaluation matrix.
X110 Xin
A — H i H

Where m = 1,2,3, ...i (alternatives);n = 1,2,3, ....j (criteria)

Step 2. Combine the decision matrices.

We combined the opinions of experts to obtain the one decision matrix.

Step 3. Normalize the decision matrix.
Z;i; = max x;; for beneficial criteria
Zij
Step 4. Compute the weighted normalized decision matrix.
WZij = wjx Z;

Where w; refers to the weights of the criteria.

=maxx;; for costcriteria

The weights of the criteria are computed based on the average method.

Step 5. Compute the border approximation area.

b = (M2, wxy)'™

Step 6. Compute the distance between every alternative and b;
E(WZy, b)) if WZ;; > b_j

E; = 0 ifWZ;=bj
—E(WZ, b)) if WZi; < b_j

Step 7. Compute the total values of every alternative

Up = Xj-1 Eyj

Step 8. Rank the alternatives.

The alternatives are ordered based on the maximum value in U;.

4. Application

2)
)

(4)

)

(6)

@)

We applied the proposed method to a sustainable oil assessment in foundation con-

struction. We gathered nine criteria and eight alternatives. Several criteria may be used to

evaluate the environmental effect and long-term sustainability of a project when examin-

ing sustainable soil practices in building foundations. Key evaluation factors may include

the following:

e Examine the soil's texture, fertility, compaction, permeability, organic matter

concentration, and pH to get a sense of its physical, chemical, and biological

qualities. Determining whether or not the soil is suitable for building and

whether or not it can sustain healthy plant and ecosystem activities requires

an evaluation of the soil's quality.
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¢ Controlling soil erosion requires an evaluation of the methods used to keep
the ground stable before, during, and after building. Evaluate how well sedi-
ment barriers, retaining walls, and vegetative cover prevent soil from wash-
ing away and settling into nearby water sources.

¢ Heavy metals, petroleum products, and other harmful substances may be
present in the soil, therefore it's important to assess the level of contamination
there. Determine the level of pollution, the dangers it poses to people and the
environment, and how well the methods used to clean it up are working.

Think about the soil's stability in light of your load-bearing needs and the possibility
of settling. Make sure the building foundation is solid and secure by analyzing soil com-
paction, soil stabilization methods, and geotechnical factors. It is important to evaluate
current soil conservation and preservation methods. This involves taking measures to pre-
serve topsoil, maintain soil fertility, and safeguard biodiversity, as well as reducing soil
disturbance during construction. To lessen the need for further soil extraction and the re-
sulting environmental effect, it is important to assess the potential for and scale of reusing
the excavated soil on-site or recycling it for future projects. Stormwater runoff manage-
ment, waterlogging prevention, and optimal soil moisture levels are all aspects of drainage
management. To encourage natural water infiltration and lessen the load on traditional
drainage infrastructure, sustainable drainage alternatives like infiltration basins and rain
gardens should be considered.

Set up a method to track post-construction changes to the soil, erosion controls, and
drainage systems. By keeping a close eye on things, we can catch any signs of wear and
tear quickly and go to work fixing them. Soil management, erosion control, and contami-
nant cleanup must all be carried out by applicable environmental rules, building codes,
and sustainability requirements for a successful construction project. Think about how the
building project will affect the environment across its whole life cycle, from the mining of
raw materials to the disposal of waste products. Evaluate the project's long-term viability
and look for ways to reduce the negative impacts on the environment from soil-related
tasks. Sustainable soil practices, reduced environmental effects, and a sturdy, long-lasting
structure are all made possible when these factors are taken into account during building.
Soil engineers, environmentalists, and construction experts should all be included to un-
dertake a thorough evaluation that is suited to the needs of the project and the rules of the

area.

Step 1. We built the decision matrix between nine criteria and eight alternatives by
using single-valued neutrosophic numbers using Eq. (1).

Step 2. Then we combined the opinions of experts into one matrix.

Step 3. Then we normalized the decision matrix by using Egs. (2 and 3) as shown in
Table 1.

Table 1. The normalized decision matrix between criteria and alternatives.

SSF: SSE: SSFs SSF4 SSFs SSFs SSF7 SSFs SSFs
SSFA: 0 0.649058 0.448418 0.918052 1 0.546979866 0.107847 0.288095 0
SSFA: 0.885484 0.99855 (0.328748 1 0.473684 1 1 0.753571  0.066067

SSFA;

0.214516 0.744081 0 0.478622 0 0.441275168 0.014085 1 0.456935
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SSFA4 0.65 0.637784 0.628611 0.134204 0.779727 0.630872483 0.549296 0.872619 0.066067
SSFAs 1 0 0.3989  0.244656 0.531189 0.166107383  0.32998 0 1
SSFAs 0.65 1 1 0.608076 0.808967 0 0 0.240476 1
SSFA7  0.745161 0.649058  0.3989 0 0.389864 0.268456376 0.32998  0.605952 0.456935
SSFAs  0.737097 0.348365 0.85282 0.292162 0.643275 0.994966443 1 1 1
Step 4. Then multiply the weights of criteria by the normalization matrix to obtain the
weighted normalized decision matrix by using Eq. (4) as shown in Table 2.
Table 2. The weighted normalized decision matrix between criteria and alternatives.
SSF: SSE: SSFs SSF. SSFs SSFs SSFy SSFs SSFo
SSFA:1  0.093036 0.242052 0.123412 0.306442 0.151802  0.20439331 0.121874 0.179672 0.057689
SSFA>  0.175417 0.293352 0.113216 0.319534 0.111854 0.264248184 0.220019 0.2446 0.0615
SSFAs  0.112993 0.256 0.085205 0.236235 0.075901 0.190427173 0.111559 0.278973 0.084049
SSFA:  0.153509 0.240398 0.138765 0.181209 0.135083 0.215477546 0.170438 0.261205 0.0615
SSFAs  0.186071 0.146782 0.119193 0.198855 0.116219 0.154070879 0.146311 0.139487 0.115378
SSFAs  0.153509 0.293564 0.170409 0.256918 0.137303 0.132124092  0.11001  0.17303 0.115378
SSFA7  0.162362 0.242052 0.119193 0.159767 0.105492 0.167593647 0.146311 0.224009 0.084049
SSFAs  0.161612 0.197916 0.157869 0.206445 0.124726  0.26358313 0.220019 0.278973 0.115378
Step 5. Then compute the b; by using Eq. (5).
Step 6. Then compute the distance between every alternative and b; by using Eq. (6)
as shown in Table 3.
Table 3. The distance between every alternative and b;.
SSF: SSF» SSFs SSFa SSFs SSFs SSFy SSFs SSFy
SSFA1 -0.92986  -0.84235 -0.87996  -0.77461 -0.8429  -0.85544615  -0.90606  -0.89506  -0.89784
SSFA: -0.84748  -0.79105 -0.89015 -0.76152  -0.88285 -0.79559128  -0.80791  -0.83013  -0.89402
SSFAs -0.9099 -0.8284  -0.91816  -0.84482 -0.9188 -0.86941229  -0.91637  -0.79576  -0.87148
SSFA4 -0.86938 -0.844 -0.8646  -0.89984  -0.85962 -0.84436191 -0.85749  -0.81353  -0.89402
SSFAs -0.83682  -0.93762  -0.88417  -0.8822 -0.87848 -0.90576858  -0.88162  -0.93525 -0.84015
SSFAs -0.86938  -0.79084  -0.83296  -0.82413 -0.8574  -0.92771537  -0.91792 -0.9017  -0.84015
SSFA7 -0.86053  -0.84235 -0.88417 -0.92128 -0.88921 -0.89224581 -0.88162 -0.85073  -0.87148
SSFAs -0.86128  -0.88648 -0.8455  -0.87461 -0.86997 -0.79625633  -0.80791 -0.79576  -0.84015

U = W N =

12
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Total Distance Value

SSFA1 SSFA2 SSFA3 SSFA4 SSFAS SSFA6 SSFA7 SSFA8

=== Total Distance Value

Figure 2. The total values of every alternative.

Step 7. Then compute the total values of every alternative by using Eq. (7) as shown
in Figure 2.
Step 8. Then rank the alternatives as shown in Figure 2.

5. Conclusions

When used for sustainable soil practices in building foundations, life cycle assess-
ment (LCA) yields important insights into the environmental effect and long-term viabil-
ity of soil-related activities. The environmental impact of construction projects can be re-
duced and their sustainability improved with a comprehensive evaluation of issues like
soil quality, erosion control, contamination remediation, soil stability, conservation,
drainage management, and regulatory compliance. Using LCA, you can find better ways
to do things at every step of the building process, from digging the foundation to keeping
it in good repair. Projects may lessen their ecological footprint and protect soil resources
for future generations by maximizing soil usage, putting in place erosion control
measures, controlling soil pollution, and encouraging soil conservation.

Responsible water management and reduced risk of soil deterioration owing to wa-
terlogging or erosion are other benefits of implementing sustainable drainage systems and
meeting environmental laws. Soil engineers, ecologists, and builders should all work to-
gether as much as possible throughout the LCA phase. Their knowledge allows us to eval-
uate the project's unique needs, the applicable local rules, and the most efficient methods
of sustainable soil management. This study used the MABAC method as an MCDM
method to assess sustainable soil in construction foundations. The MABAC method is in-
tegrated with the neutrosophic set to deal with uncertain data. This study used nine cri-
teria and eight alternatives. The use of LCA in the evaluation of environmentally
friendly soil practices for building foundations is a boon to the creation of environmen-
tally conscious initiatives. Construction projects may aid in soil quality preservation, pro-
mote ecological integrity, and improve the long-term sustainability of the built environ-
ment by applying the suggested approaches.

U = W N =
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