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Abstract: Bamboo is gaining recognition as a sustainable building material thanks to its fast growth,
strength, and versatility. It provides an environmentally friendly alternative to conventional materials,
helping to lower environmental impact. Its inherent durability and adaptability make it ideal for diverse
construction uses, enhancing both efficiency and sustainability in building practices. Exploring bamboo
as a building material is critical to promoting sustainable construction. With its rapid growth, impressive
strength-to-weight ratio and environmental benefits, bamboo stands out as a viable alternative to conven-
tional materials. Exploring its characteristics and applications will foster more environmentally friendly,
efficient and innovative building practices. Alternatives taken as Bamboo A, Bamboo B, Bamboo C, Bam-
boo D, Bamboo E. Evaluation Parameters taken as Cost Effectiveness (Benefit), Environmental Impact
(Benefit), Durability (Non-Benefit), Maintenance Requirements (Non-Benefit). The results indicate that
Bamboo C achieved the highest rank, while Bamboo D achieved the lowest rank being attained. “The
value of the dataset for Bamboo as Building Material, according to the MOORA Method, Bamboo C
achieves the highest ranking.”

Key words: Bamboo, sustainable, building material, eco-friendly, construction, durability, versatility,
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1. INTRODUCTION

Bamboo must undergo a preservation process before being used as a construction material due to its susceptibility
to termite and fungal attacks. Commonly, bamboo is treated with borax and boric acid through methods like im-
mersion, gravity or vertical soak diffusion, and injection using solution compression machines. These chemicals
have been proven effective in prolonging the lifespan of bamboo. However, concerns and debates have arisen
regarding the use of these chemicals and the environmental impact of the resulting wastewater. [1] Bamboo's
positive environmental performance is attributed to two factors. First, its hollow structure is more efficient than
the solid rectangular mass of wood, allowing bamboo to support loads with less material mass compared to steel,
concrete, or wood. Second, bamboo's manufacturing process is straightforward and short, further enhancing its
environmental benefits. [2] The characteristics of bamboo culms are key factors influencing its suitability as a
construction material. When bamboo is used for products made of strips or thin layers, the internode length be-
comes important. Bamboo with longer internodes produces strips that result in a smooth, uniform surface. Con-
versely, for structural applications like columns, pillars, or beams, bamboo species with shorter internodes are
preferred. [3] Bamboo degrades easily because it is a natural material. However, industrially manufactured and
treated correctly, bamboo components can last thirty to forty years. Depending on the species and kind of treat-
ment, untreated bamboo has varying naturally occurring lifespans. used, along with advancements in building
materials and technology. [4] The market for eco-friendly building supplies is huge. There have been reports that
buildings with green roofs use less energy than conventionally designed buildings. Including bamboo not only
lowers interior air pollution and energy use, but also helps maintain a comfortable indoor temperature. offering
benefits beyond what conventional materials alone can provide. [5] Bamboo is adaptable for a range of uses be-
cause to a number of noteworthy physical characteristics. Size, color, dimension, grain, texture, density, moisture
content, thermal conductivity, and absorption are some of these characteristics. In contrast to wood, bamboo's
length and proportions can differ according on the species and its maturity. Bamboo also matures much faster,
typically reaching full maturity in just three to four years, whereas wood may take six to twelve years to develop
comparable strength. [6] The concentration of strong fibers in the outer layers of the bamboo culm significantly
enhances its modulus of elasticity, as well as its Shear, bending, and tensile strength. A higher quality bamboo is
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indicated by a higher modulus of elasticity. [7] Because bamboo is an anisotropic material, its characteristics
change depending on the orientation. In the longitudinal direction, where cellulose fibers are present, bamboo is
stronger and tougher. In contrast, the transverse direction contains lignin, making it softer and more brittle. [8]
Bamboo with thinner culms exhibits higher compressive strength compared to bamboo with larger culms. This is
because thinner culms have better material properties, while larger culms typically have a smaller outer skin area,
which is less effective at resisting high pressure.[9] In addition to its use as a building material, bamboo is also
proposed as reinforcement for reinforced concrete (RC) columns, beams, and slabs. An example of this application
is a silo constructed with bamboo-reinforced concrete, which combines traditional bamboo with modern materials
like concrete. This approach represents an innovative integration of ancient and contemporary building techniques.
[10] The bamboo samples used in this research were mature, aged 3 to 4 years. Some of these samples were treated
with a borax solution, an environmentally friendly method for controlling insects and fungal attacks on bamboo.
The treatment was applied over three consecutive days. Both treated and untreated bamboo sections were tested
using a Universal Testing Machine (UTM). [11] To address this need, cost-effective technologies are required for
building construction using locally available and renewable resources. Despite the creation of relevant infor-
mation, there remains a significant gap in the actual use of these resources. Therefore, improving access to building
materials, technologies, and supply systems for affordable construction is crucial, especially in rural areas. [12]
Bamboo has been utilized in the construction industry since ancient times. Despite its lighter mass compared to
steel, concrete, and wood, bamboo can support heavy loads and is among the strongest building materials available.
Its tensile strength surpasses that of steel. Additionally, producing 1 cubic meter of bamboo construction material
uses half as much energy to produce as the same amount of concrete or steel. Because of this, bamboo is a strong
substitute for steel in applications requiring load bearing. [13] Additionally, they observed that amorphous lignin
is more stressed than amorphous hemicellulose. The primary causes of cellulose failure include the breaking of
hydrogen bonds and sliding of linear polymer chains. In cases where normal stress is predominant, failure is mainly
due to hemicellulose, while lignin failure is primarily driven by shear stress. [14] Bamboo building construction
uses the structural frame approach used in wood frame construction. In this manner, For total stability, the com-
ponents of the floor, walls, and roof are interdependent and interrelated. In particular, effective lateral restraint is
necessary to manage deformations in some conventional building designs. [15] In socially and economically un-
derdeveloped areas, where bamboo resources are available, the use of bamboo can provide more employment
opportunities to local workers and increase their income. Since minimal skills are required to process bamboo
products, employing less educated workers in the bamboo industry can provide significant social benefits.[16] The
continued increase in consumption patterns is placing greater pressure on global resources. This strain is exacer-
bated by a variety of factors, including food and climate crises around the world, which are driven by human
activities. [17] There are currently no manuals or guidelines for bamboo architecture designers. They usually rely
on their own experience to design bamboo buildings. When asked about their approach to designing bamboo
structures, many will say that they can do it based on their experience, but they have no specific knowledge.
Experienced designers in bamboo construction are generally confident in their design skills. [18] The transverse
load tests conducted on the columns indicated the steel, hollow, and bamboo reinforced columns' lateral deflection,
strain properties, and failure modes. A thorough design technique will be developed with the aid of additional
study of these findings. Structural elements made of bamboo-concrete composite can offer affordable options for
environmentally friendly homes. [19] Early bamboo splitting technology used a friction-fitting method with
braided or multi-stranded ropes from domestic grasses such as jute, rattan and dried bamboo pith. This low-tech
approach requires minimal tools and can be implemented without much skilled labor. If the natural fibers are
installed while green, the connector will be tightly secured during use. [20].

2. MATERIALS AND METHOD

This method involves calculating congruent and anomalous indices, which can be lengthy. To create an outranking
graph that shows preferences, the decision-maker must choose suitable threshold values for coherence and dis-
crepancy indices, relying on human judgment and intervention. [21] However, the proposed methods and ap-
proaches are intricate and difficult to put into practice. The construction business requires simple and effective
techniques of selecting contractors because of the short bidding times. Choosing a construction contractor neces-
sitates a selection model that takes these and other factors into account. efficiently addresses key aspects of pre-
qualification.[22] Several multi-objective decisions making (MODM) methods exist to address various evaluation
and selection challenges. This includes exploring the use of a new MODM approach to optimize various welding
parameters. [23] A multi-stakeholder system that includes all stakeholders is stronger than one that involves only
one decision- or a group of decision-makers having conflicting agendas. Everybody involved is surrounded by a
vested interest in the issue. Therefore, a multi-objective approach should also take consumer sovereignty into
account. [24] A decision support system uses the MOORA system to select students for scholarships based on
academic achievement. The MOORA technique assists in addressing a range of decision-making difficulties. This
college-designed system allows decision makers to efficiently identify scholarship recipients, thereby supporting
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the academic success of students in need. [25] MOORA offers a multi-dimensional approach to decision-making,
providing a robust framework for evaluating options with considerable variety and numerous influential factors.
MOORA is a multi-objective optimization technique created by Brauers and Zavadskas (2006) that is intended to
address difficult decision-making situations. Its primary objective is to choose, from a set of options, the best
option by taking into account opposing criteria, assessing both positive and negative aspects simultaneously. [1,2]
MOORA is recognized for its advantages over some traditional decision-making methods. It requires fewer math-
ematical calculations, has a shorter computational time, is more straightforward, and offers greater stability com-
pared to Multi-Criteria Decision-Making (MCDM) methods like AHP, TOPSIS, ELECTRE, VIKOR, and PRO-
METHEE. [3] The MOORA method facilitates the simultaneous optimization of multiple conflicting goals within
defined constraints. It evaluates each potential decision based on these goals, providing a basis for determining
the most suitable choice. [4] In practice, MOORA is well-suited for organizing or selecting one or more alterna-
tives from a range of options, especially when dealing with conflicting attributes. It is known for its simplicity,
reliability, and efficiency, requiring minimal mathematical and computational resources. [5] multi-objective opti-
mization often involves balancing conflicting benchmarks, such as maximizing product profitability while mini-
mizing costs, improving vehicle performance while reducing fuel consumption, or achieving a trade-off between
weight reduction and strength enhancement. [6,7] In manufacturing contexts, where decision-makers may have
varied interests, MOORA helps quantify and address these conflicting criteria, ranking or selecting the best alter-
natives from available options. [8,9]

Step 1: Define the Problem and Criteria: Clearly outline the decision problem and compile a list of all relevant
criteria (objectives) to be assessed. These criteria should encompass the various factors you wish to valuate for
each alternative.

X11 X12  Xin
X21 X2 0 Xop

D = : : . : (1)
Xm1 Xm2 ° Xmn

Step 2: Normalize the Data: Adjust the data for each criterion to ensure consistency in scale. This step is crucial
to avoid any single criterion from dominating the decision-making process because of its broader measurement
range.
Xij
nEm = O

i=1%ij

where i€[1,m] and j €[1,n]

Step 3: Determine the Weights (W): Assign proportions to each criterion to indicate its relative importance. The
total of these proportions should equal 1. Different methods for weight assignment can be used, such as expert
judgment, the analytical hierarchy process (AHP), or pairwise comparisons.

w; = [W1 o Wn],Where Z?:l( wy - W‘n) =1 (2)

Step 4: Create the Weighted Normalized Matrix: Multiply the normalized matrix by the weights assigned to
each criterion to produce the weighted normalized matrix.

Whyj = win; 4)

Step 5: Compute the Evaluation Score (yi): Calculate the performance rating for each option by factoring in the
normalized values and weights. The performance score (yi) for the alternatives is determined using the following
method:

i = Z?:l Nij — Xi—g+1 Nij 5)
where g is the number of benefit criteria and (n-g) is number of cost criteria.

Step 6: After calculating the performance scores for each option, the next step is to arrange them based on these
scores. The option with the highest performance score is given the top rank (usually labeled as 1), and this ranking
system continues accordingly. Conversely, the option with the lowest performance score receives the lowest rank.
A list of alternatives with their respective ranks should be displayed to visually represent their standings based on
performance scores. The option ranked 1 is considered the preferred or optimal choice according to the evaluation
criteria. Transactional payments do not add value, but rather refer to transfers of value without collateral, such as
gifts or favors. Although exchange payments are widespread in everyday life and various types of insurance, the
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focus is on geographic exchange payments. These are primarily automated through fiscal or para-fiscal channels
such as social security. [26] The MOORA system is one of the most effective decision support systems for eval-
uating employees based on specific weights and criteria. It is now widely used as a tool in selection and decision-
making processes. [27] An effective maintenance system is important because the performance of machinery
depends on proper maintenance and keeping the equipment in good condition over time. In daily life we routinely
make decisions and manage time automatically, it is best to rely on mathematical decision-making models for
industrial processes. [28] Six illustrative examples are presented to demonstrate the applicability and feasibility
of the MOORA method for solving multi-objective decision-making problems in real-time manufacturing envi-
ronments. [29] The results provide a basis for comparison, making the selection process simple and satisfying.
Therefore, Mult objective techniques appear to be suitable tools for ranking or selecting one or more alternatives
from a set of alternatives, especially when faced with conflicting criteria [30].

3. RESULT AND DISCUSSION

TABLE 1. Bamboo As Building Material

Alternative | Cost Effectiveness | Environmental Im- Durability Maintenance
pact Requirements
Bamboo A 8 7 5 6
Bamboo B 6 7 7 5
Bamboo C 8 6 4 4
Bamboo D 4 8 7 7
Bamboo E 6 6 6 6

Bamboo A performs well in both cost efficiency (8) and environmental impact (7), making it a cost-effective and
eco-friendly choice. However, it has moderate scores for durability (5) and maintenance requirements (6), indi-
cating that while it excels in cost and durability, it requires a fair amount of maintenance and has average durabil-
ity. Bamboo B also excels in environmental impact (7) but scores lower in cost efficiency (6) compared to bamboo
A. It stands out for its high durability (7), making it a strong choice, and requires minimal maintenance (5), favor-
ing projects where longevity is a priority. Bamboo C is characterized by its high cost-effectiveness (8) but has low
ratings for environmental impact (6) and sustainability (4). It requires minimal maintenance (4), which means that
although it is economical and low maintenance, it is less durable and has a moderate environmental impact. Bam-
boo d shines in environmental impact (8) but has low cost (4) and high maintenance requirements (7). Its durability
(7) is on par with bamboo B, making it ideal for projects where environmental concerns outweigh cost and mainte-
nance issues. Bamboo E offers balanced performance with moderate scores on all parameters—cost efficiency
(6), environmental impact (6), durability (6), and maintenance requirements (6). This makes it a versatile choice,
offering a sustainable balance between cost, environmental benefits, durability and maintenance requirements.

Bamboo As Building

Material
6 | - :
—— 7 —1— ] e
| 8 | 6| | 8 | 7 6|
BAMBOO A BAMBOO B BAMBOO C BAMBOO D BAMBOO E

mMaintenance Requirements (Non-Benefit)
mDurability (Non-Benefit)
Environmental Impact (Benefit)

mCost Effectiveness (Benefit)
FIGURE 1. Bamboo As Building Material

Bamboo A: Offers excellent cost-effectiveness and environmental benefits, despite moderate durability and
maintenance requirements. Bamboo B: Offers solid environmental benefits and durability but has less favorable
cost-effectiveness and maintenance requirements. Bamboo C: Offers excellent cost-effectiveness with moderate
environmental impact and durability yet requires high maintenance. Bamboo D: Environmentally impactful and
durable but less cost-effective and requires more maintenance. Bamboo E: consistently rated for environmental
impact, durability and maintenance, but with low cost-effectiveness.
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TABLE 2. Normalized Data

Normalized Data

Cost Effec- Environmental Maintenance

tiveness Impact Durability Requirements
0.5443 0.4576 0.3780 0.4714
0.4082 0.4576 0.5292 0.3928
0.5443 0.3922 0.3024 0.3143
0.2722 0.5230 0.5292 0.5500
0.4082 0.3922 0.4536 0.4714

Alternative 1 shows strong cost efficiency (0.5443) and environmental impact (0.4576), indicating that it is eco-
nomically and environmentally sound. However, its durability (0.3780) is relatively low and it requires moderate
maintenance (0.4714), making it not the most durable option and requiring a fair amount of maintenance despite
its cost and environmental benefits. Alternative 2 performs better in environmental impact (0.4576) and has higher
durability (0.5292), making it a solid choice for durability and sustainability. Its cost effectiveness (0.4082) is
lower than Alternative 1, but it has slightly lower maintenance requirements (0.3928), reflecting a favorable bal-
ance between durability and environmental benefits. Alternative 3 excels in cost efficiency (0.5443) but has low
scores in environmental impact (0.3922) and durability (0.3024). It also has low maintenance requirements
(0.3143), making it economical and low maintenance, but less durable and less environmentally friendly. Alter-
native 4 stands out for its environmental impact (0.5230) and has the highest maintenance requirements (0.5500),
indicating that it is more environmentally friendly, but requires considerable maintenance. Its sustainability factor
(0.5292) is high, making it suitable for projects that prioritize environmental benefits and sustainability. Alterna-
tive 5 shows balanced scores in all parameters: cost effectiveness (0.4082), environmental impact (0.3922), dura-
bility (0.4536), and maintenance requirements (0.4714). This suggests that it is a well-rounded option, providing
a sustainable compromise between cost, environmental impact, durability and maintenance requirements.

TABLE 3. Weight
Weight
025| 025| 025| 0.25
025| 025| 025| 0.25
025] 025| 025]| 0.25
025] 025| 0.25]| 0.25
025] 025| 0.25| 0.25

The weights for each parameter—cost efficiency, environmental impact, durability, and maintenance require-
ments—are set equal to 0.25 for all five alternatives. This uniform distribution highlights that all parameters are
considered equally important in the evaluation. Such equal weighting indicates a balanced approach in which no
parameter is given more importance than others. This ensures that each alternative is consistently evaluated across
all criteria, facilitating a fair comparison of their overall performance. By assigning equal weights, the assessment
maintains a comprehensive overview of each bamboo option. This approach is most effective when all aspects of
performance are considered equally important, preventing any bias towards a particular criterion. Overall, this
balanced weighting strategy supports an unbiased evaluation process, facilitating the comparison of alternatives.
It ensures that each of the key factors such as cost, environmental impact, durability and maintenance are consid-
ered equally in the decision-making process, leading to an objective assessment.

TABLE 4. Weighted normalized DM
Weighted normalized DM
0.1361 | 0.1144 | 0.0945 | 0.1179
0.1021 | 0.1144 | 0.1323 | 0.0982
0.1361 | 0.0981 | 0.0756 | 0.0786
0.0680 | 0.1307 | 0.1323 | 0.1375
0.1021 | 0.0981 | 0.1134 | 0.1179

Alternative 1 excels in cost effectiveness (0.1361) and environmental impact (0.1144), highlighting its strengths
in these areas. However, its durability (0.0945) and maintenance requirements (0.1179) are very moderate, indi-
cating that it performs well in terms of cost and environmental benefits, but is less robust in durability and requires
a fair amount of maintenance. Alternative 2 shows balanced results with significant improvement in durability
(0.1323) compared to other options. Although its cost efficiency (0.1021) and maintenance requirements (0.0982)
are relatively low, its environmental impact remains stable (0.1144). This makes it a strong candidate for projects
where sustainability is a key consideration. Alternative 3 mirrors the performance of Alternative 1 in cost-effec-
tiveness (0.1361) but has lower scores in environmental impact (0.0981) and durability (0.0756). It stands out
with very low maintenance requirements (0.0786), suggesting it is cost-effective and low maintenance, although
it may be less durable and less eco-friendly. Alternative 4 performs better in terms of environmental impact
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(0.1307) and maintenance requirements (0.1375), which is environmentally friendly but requires more mainte-
nance. Its low scores on cost effectiveness (0.0680) and durability (0.1323) suggest a focus on environmental
friendliness and durability at the expense of cost and ease of maintenance. Alternative 5 shows a balanced ap-
proach with moderate scores in all criteria—cost effectiveness (0.1021), environmental impact (0.0981), durabil-
ity (0.1134) and maintenance requirements (0.1179). Providing a sustainable compromise between cost, environ-
mental impact, durability and maintenance, this provides a well-rounded option.

TABLE 5. Assesment value

Assesment value
Bamboo A 0.0381
Bamboo B -0.0140
Bamboo C 0.0800
Bamboo D -0.0710
Bamboo E -0.0311

Bamboo C emerges with the highest evaluation value of 0.0800, indicating that it performs best among the alter-
natives overall. Bamboo C excels in key evaluation criteria—cost efficiency, environmental impact, durability,
and maintenance requirements—or is well balanced in these factors. Bamboo A has a positive evaluation value of
0.0381, which shows strong performance but not as exceptional as Bamboo C. It performs well, especially in
terms of cost efficiency and environmental impact, but may lack strength in other aspects. Bamboo E, with a
slightly negative evaluation value of -0.0311, shows very mixed performance with some limitations. It may be a
reasonable option but does not excel in any particular area and has some drawbacks. Bamboo B and Bamboo D
show negative evaluation values of -0.0140 and -0.0710, respectively, indicating that they are less favorable over-

all. The performance of bamboo B is slightly below the average, while the low value of bamboo D indicates more
significant deficiencies that affect several evaluation criteria.

TABLE 6. Rank

Rank
Bamboo A 2
Bamboo B 3
Bamboo C 1
Bamboo D 5
Bamboo E 4

Bamboo C achieves a top rank of 1, indicating that it performs well in all evaluated criteria. This high ranking
means that bamboo C excels in essential areas such as cost-effectiveness, environmental impact, durability and
maintenance requirements, making it a very favorable choice. Bamboo A is in second place, showing strong per-
formance but not as exceptional as Bamboo C. Its high ratings in cost effectiveness and environmental impact
contribute to its solid status, although it may score moderately in other areas. Bamboo B ranks third, exhibiting a
balanced performance overall. However, it does not perform as well as Bamboo A and Bamboo C in various
criteria, offering positive characteristics but lacking distinctive features. Bamboo E ranks fourth, indicating a more
mixed performance profile. While it has some strengths, it doesn't excel in any particular category and has signif-
icant drawbacks compared to high-end options. Bamboo T is fifth last, reflecting low overall performance. This

condition highlights significant weaknesses in several assessment factors, making Bamboo D a more suitable
alternative compared to others.

5

4
3
2
1
0

Bamboo A
Bamboo B
Bamboo C
Bamboo D
Bamboo E

FIGURE 2. Rank
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Bamboo C ranks highest overall, excelling across key criteria. Bamboo A follows, performing well but not as
strongly. Bamboo B is balanced but less standout. Bamboo E shows mixed performance with notable drawbacks.
Bamboo D ranks lowest, reflecting significant weaknesses.

4. CONCLUSION

Using bamboo as a modern material improves construction efficiency, but also increases the technical require-
ments for completing projects. This change may limit its presence in rural or relief settings. Therefore, adopting
safe and sustainable construction methods using existing resources is highly beneficial. Bamboo's moisture content
varies with terrain and climate, and that directly affects its strength. According to global research, steel production
is expected to decline over the next 60 years, leading to increased use of natural and eco-friendly materials such
as hamboo. Because bamboo bonds weaken under pressure, it must be treated with epoxy, tar, or similar coatings.
However, bamboo exhibits tensile strength comparable to that of steel, making it suitable for use as an alternative
to steel in tension and compression members of RCC structures. Expanding access to bamboo in our country
indicates its potential for large-scale use in development projects. Its high value improves financial opportunities
and helps conserve natural resources by providing an alternative to wood, contributing to the preservation of our
environment. Bamboo is lighter and more cost-effective, while offering burst resistance comparable to steel. How-
ever, more research is needed to fully explore its use in security structures. Selecting the appropriate bamboo for
a particular construction task requires a thorough understanding of structural unit functions and load ratios. In
order to make an informed decision about the most suitable bamboo, it is necessary to have detailed information
about the load size and duration.
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