Jurnal Sains dan Ilmu Terapan

Volume, 9 Nomor, 1 Juni 2026

E-ISSN: 2621-766X; dan P-ISSN: 2986-4380; Hal. 306-319
DOI: https://doi.org/10.59061 /jsit.v9i1.1437

Tersedia: https://e-journal.poltek-kampar.ac.id/index.php/JSIT

OPEN #~ ACCESS
\"J

Green Construction Principles in the Design of Reinforced Concrete Floor
Slabs and Beams as a Sustainability Management Framework

Rahayu Mardikaningsih!*, Maulana Syahid?
-2Universitas Sunan Giri Surabaya, Indonesia
Email: rahayumardikaningsih@gmail.com?, maulanasyahid731@gmail.com?
*Correspondence Author: rahayumardikaningsih@email.com

Abstract. The construction sector stands as one of the most resource-intensive human activities, with reinforced
concrete accounting for a disproportionately large share of material consumption and carbon emissions in built
environments worldwide. This paper examines how sustainability management principles grounded in green
construction can be normatively embedded in the design and assessment of reinforced concrete floor slabs and
beams. Drawing on a qualitative review of academic and technical literature, the study investigates the structural,
material, and managerial dimensions through which green construction principles can be operationalized in the
engineering practice of reinforced concrete design. Key areas addressed include material efficiency in slab and
beam sizing, the use of supplementary cementitious materials, life cycle perspective in structural decision-making,
reinforcement optimization, and the coordination between structural design and construction management. The
study affirms that structural reliability and environmental responsibility are not competing objectives, but can be
achieved simultaneously through informed, systematic, and principled design decisions. A coherent normative
framework that bridges structural engineering with sustainability governance is both academically necessary and
professionally urgent for the advancement of responsible construction practice.
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1. INTRODUCTION

The construction industry is one of the most intensive sectors in consuming natural
resources and energy, as well as generating significant amounts of solid waste and greenhouse
gas emissions. Construction activities encompass the entire process chain, ranging from raw
material extraction, building material production, and on-site construction processes, to the
structural demolition stage at the end of its useful life. Every stage within this chain produces an
environmental footprint that cannot be simply ignored in modern development planning (Aliyari,
2025). Global awareness of climate change issues, natural resource scarcity, and increasing
international regulatory pressures are driving various stakeholders in the construction industry to
reconsider the way they design, build, and manage buildings (Madhavi & Jose, 2024). From this
point, the concept of sustainability in construction has begun to receive serious attention as a
normative framework that restructures how the engineering profession views its environmental
and social responsibilities.

Sustainability principles in the construction industry have evolved alongside the expanding
awareness that physical development activities must consider the long-term impacts on ecosystems
and the quality of life for future generations (Khiati et al., 2023). The approach, subsequently
known as green construction, emphasizes the importance of material efficiency, the use of

renewable energy, the minimization of construction waste, and the selection of building materials
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with a low carbon footprint. Green construction is not merely a building label or certification, but
rather a planning philosophy that affects every technical decision within the development process.
Implementing this principle demands a shift in how structural engineers, architects, and project
managers perceive the relationship between a building's technical performance and the
environmental consequences resulting from each material choice and construction method they
adopt (Kabir et al., 2024).

Reinforced concrete is the most widely used structural material in the construction of
buildings, bridges, and civil infrastructure worldwide (Diaferio & Varona, 2024). Its popularity
is rooted in its combined advantages: the high compressive strength of concrete, the tensile
strength contributed by steel reinforcement, and highly flexible form adaptability to follow
structural design needs (Lokhande, 2019). However, behind these advantages, conventional
concrete production entails serious environmental problems. Portland cement, as the main
component of concrete, is one of the largest contributors to carbon dioxide emissions in the global
manufacturing industry. The massive use of reinforced concrete in modern construction brings
environmental consequences that cannot be separated from discussions on the sustainability of
the construction sector as a whole, placing this material as one of the priorities on the green
construction reform agenda (Pir6g, 2023).

In reinforced concrete building structures, floor slabs and beams represent the two most
dominant structural elements, both in terms of the material volume used and the complexity of
their structural analysis (Lokhande, 2019). Floor slabs function as horizontal planes that
distribute gravity loads to the vertical elements beneath them, while beams act as flexural
elements that transfer loads from the slabs toward supporting columns or walls. Both elements
are designed based on structural mechanics principles that require efficient internal force
distribution, proportional reinforcement utilization, and optimal cross-sectional geometry
(Abdelhady et al., 2018). From a sustainability perspective, the design of floor slabs and beams
holds significant potential for material savings if green construction principles are consistently
applied from the early planning stages, allowing structural performance to be achieved with a
lower environmental footprint (Paknahad et al., 2025).

The integration of precise structural analysis and green construction principles in the
design of reinforced concrete floor slabs and beams represents a design approach that is
increasingly relevant in contemporary civil engineering (Keintjem et al., 2025). Designing
solely oriented toward meeting strength and stiffness requirements without considering
material efficiency and environmental sustainability is no longer adequate as a responsible

professional standard. Conversely, a design that positions environmental considerations as a
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variable equal to technical structural requirements opens up opportunities to produce designs
that are simultaneously safe, efficient, and sustainable. This dual orientation reflects a paradigm
shift in structural engineering that continues to move toward an approach that is more
responsible for the future of the environment and the increasingly limited availability of natural
resources (Sajan & Gautam, 2021).

The problem emerging in the application of green construction principles to reinforced
concrete floor slab and beam structural elements relates to the still wide gap between the
normative sustainability frameworks developing in academic and policy spheres and the
structural planning practices implemented in the field. Design engineers are generally trained in
design approach frameworks that prioritize structural reliability based on well-established
technical standards, while material sustainability considerations are frequently treated as optional
additions and are not systematically integrated into the design process. Consequently, technical
decisions regarding concrete strength selection, reinforcement ratios, slab thickness, and beam
dimensions are still largely determined by legacy conventions that do not account for material
efficiency within a comprehensive building life cycle perspective (Gervasio, 2025). This
condition reflects the immaturity of a mindset that bridges structural engineering with
sustainability principles.

nother problem lies in the unavailability of a sufficiently systematic and widely
accepted analytical framework to evaluate the extent to which a reinforced concrete floor slab
and beam design can be categorized as meeting green construction principles. Various existing
green building rating systems, such as LEED, GREENSHIP, and BREEAM, tend to evaluate
buildings as a whole and do not provide specific technical guidelines for the design of
individual reinforced concrete structural elements. The prevailing structural technical standards
generally have not explicitly included sustainability criteria as part of the design requirements
either. This condition creates a gray area that leaves structural designers without a firm
reference on how to merge structural strength requirements with environmentally oriented
material efficiency principles into a single, integrated design decision (Kourehpaz & Miller,
2019). The need to normatively examine how green construction principles can be
operationalized in the design of reinforced concrete floor slabs and beams has become
increasingly urgent alongside growing global demands on the construction industry to reduce
its carbon footprint. The continuously rising infrastructure and building development in various
parts of the world means that the volume of concrete produced and used will continue to grow

over the coming decade. Without a clear knowledge framework regarding how sustainability
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principles can be incorporated into structural design logic, the immense potential for material
savings and emission reductions in this sector will continue to be missed. A normative study
touching upon the conceptual foundation at the intersection of green construction and
reinforced concrete structural engineering is a necessary foundation to steer professional
practices and technical policies toward a more environmentally responsible path.

This study aims to normatively outline how green construction-based sustainability
management principles can be operationalized in the structural design and analysis of
reinforced concrete floor slabs and beams. This objective is achieved through a critical review
of the conceptual frameworks of green construction, material efficiency principles in structural
design, and the normative interrelation between the two in technical decision-making
processes. Theoretically, this study contributes to the development of a conceptual framework
that systematically bridges reinforced concrete structural engineering with sustainability
principles. Practically, the results of this study are expected to serve as a reference for design
engineers, civil engineering academics, and construction policymakers in drafting design
approaches that are more environmentally responsible without compromising the structural

integrity of the designed buildings.

2. RESEARCH METHODS

This study uses a qualitative literature review approach as the primary method to build
arguments and examine the problems defined in the problem formulation. The choice of this
method is based on the nature of the issue being studied, namely a normative question of how
green construction principles can be operationalized in the design of reinforced concrete
structural elements, which is more appropriately answered through a review of various
conceptual frameworks, policy documents, and scientific arguments available in academic
literature. As stated by De Vaus and De Vaus (2013), the choice of research method must
always be adapted to the type of question to be answered, and research that is conceptual and
interpretive in nature does not require primary data collection to produce valid arguments. The
qualitative approach in this study allows for a systematic exploration of ideas, the formulation
of a coherent argumentative framework, and the development of conceptual understanding
built from a collection of tested academic thoughts (Mason, 2018).

The process of collecting research materials was carried out by establishing source
selection criteria focusing on substance relevance, publication reputation, and the novelty of
the ideas contained therein. The sources used as research materials include reputable scientific

journals in the fields of civil engineering, construction management, and environmental
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sustainability, as well as academic textbooks and technical policy documents directly related
to the topic. All materials were organized based on discussion themes that reflect the
argumentative flow of the study, ranging from the normative framework of green construction,
the analysis principles of floor slabs and beams in reinforced concrete, to the intersection point
between the two domains. In line with Mohajan's (2018) view that qualitative research provides
flexibility for researchers to interpret the meaning behind texts and policies argumentatively,
this study structures its analysis not as a descriptive summary, but as a focused and systematic

construction of scientific arguments.

3. RESULTS AND DISCUSSION

Green construction as a normative framework in civil engineering rests on the principle
that every technical decision within the development process must explicitly consider its
environmental consequences (Kabir et al., 2024). This principle shifts the design orientation
from solely focusing on structural reliability to reliability that is simultaneously responsible for
natural resources. In the design of reinforced concrete elements, the application of green
construction demands a mindset that encompasses material utilization efficiency from the
design conception stage, rather than as a late-stage adjustment at the end of the process (Findik,
2022). This means that slab thickness dimensions, beam cross-sectional sizes, selected concrete
grades, and specified reinforcement ratios must be approached by considering the minimum
amount of material required to achieve the mandated structural performance. Through this
perspective, reinforced concrete structural design moves from a conservative approach based
on oversizing toward an approach that is more precise and materially efficient.

Floor slabs are structural elements that consistently contribute the largest portion of the
total concrete volume in a multi-story building (Kowalska, 2026). Their dimensions, which
extend horizontally across the entire floor area of the building, make them the most intensive
elements in terms of cement, aggregate, and steel reinforcement consumption. Within the green
construction framework, floor slab design efficiency can be achieved through several
normative approaches that have developed in structural engineering literature. The use of two-
way slabs, which distribute loads more evenly compared to one-way slabs, allows for a
significant reduction in slab thickness without compromising structural capacity. Selecting
higher-strength concrete also enables reductions in cross-sectional dimensions, which
ultimately leads to a reduction in overall material volume (Sun, 2023). Both of these

approaches directly reduce the carbon footprint of floor slab elements in a construction project.
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The strength of this building support system is also heavily influenced by the quality of the
reinforcement's metallurgical components, where analysis of the microstructure and hardness
levels of carbon steel materials undergoing hardening processes with various cooling media
variations becomes a crucial technical parameter to ensure long-term structural reliability
(Triono et al., 2023).

Reinforced concrete beams as the primary flexural elements in structural systems
possess substantial optimization potential from a green construction perspective, particularly
through more meticulous reinforcement ratio regulation and cross-sectional geometry
configuration (Nguyen et al., 2025). In conventional design practices, beam dimensions are
frequently determined based on conservative rules of thumb, resulting in cross-sections that
are larger than what is actually required by the acting load conditions. The green construction
approach encourages designers to utilize more accurate elastic and plastic analyses in
determining moment and shear force distributions along the beam span, so that cross-
sectional dimensions can be established based on actual requirements rather than excessive
estimation. The reduction in beam dimensions achieved through this more precise analysis
directly implies a reduction in concrete and steel consumption, which are the two materials
with the highest carbon footprints in building construction (Chua et al., 2023).

The use of cement substitution materials in concrete mixes constitutes one of the
primary pillars in implementing green construction for reinforced concrete structural elements
(Weli, 2023). Various pozzolanic materials, such as fly ash from coal combustion, blast furnace
slag from the iron and steel industry, and silica fume from the ferrosilicon industry, have been
scientifically proven to be capable of replacing a portion of the Portland cement proportion in
concrete mixes without compromising the resulting structural strength and durability.
Substituting cement with these pozzolanic materials normatively offers dual benefits: the
reduction of cement consumption, which directly implies a decrease in carbon dioxide
emissions from the production process, and the utilization of industrial waste that would
otherwise become an environmental burden. In the design of floor slabs and beams, the use of
pozzolan-based concrete mixes requires adjustments in strength specifications and hardening
times that must be accounted for from the planning stage (Keintjem et al., 2024).

The concept of material life cycle or life cycle assessment represents a highly relevant
evaluative framework to assess the extent to which a reinforced concrete floor slab and beam
design comprehensively fulfills sustainability principles (Paknahad et al., 2025). Life cycle
assessment does not stop at the construction stage; rather, it encompasses the entire journey of

the material, ranging from raw material extraction, manufacturing processes, transportation to
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the project site, and utilization during the building's service life, to the demolition and
management of residual materials at the end of its useful life. Within the green construction
framework, a good design is one that generates the lowest environmental footprint throughout its
entire life cycle, not just during the initial construction stage. Designing floor slabs and beams
that consider long-term durability, ease of maintenance, and material recycling potential at the
end of the service life is a tangible manifestation of applying the life cycle perspective in
structural engineering (Gervasio, 2025).

Reinforcement efficiency in reinforced concrete floor slab and beam elements is a
green construction dimension that requires a deep understanding of the structural behavior of
these elements under various loading conditions (Chardakova & Traykova, 2023). Steel
reinforcement is one of the components with a high energy and carbon footprint in reinforced
concrete construction, considering that the steel production process requires immense
amounts of energy. Therefore, any reduction that can be achieved in the amount of
reinforcement used, as long as it does not compromise structural reliability, represents a
significant step toward sustainability. Moment redistribution approaches in plastic analysis,
the use of high-strength reinforcement that allows for reductions in reinforcement cross-
sectional areas, and the optimization of reinforcement placement based on actual moment
diagrams are technical instruments that can be normatively used to achieve responsible
reinforcement efficiency within a green construction framework (Chardakova & Traykova,
2023).

Standards and building codes are normative instruments that determine the lower
bounds of technical requirements that must be met by any structural design. However, within
a green construction framework, building codes alone are insufficient as a reference because
they are designed to ensure minimum safety, not to actively encourage material efficiency
(Figueiredo et al., 2024). Sustainability-oriented structural design requires an additional
reference framework that goes beyond the minimum requirements of building codes namely, a
framework that explicitly encourages the reduction of material consumption without violating
established safety limits. In floor slab and beam design, this means that designers need to
actively utilize the design freedoms provided by building codes to explore cross-sectional
configurations, material strengths, and reinforcement arrangements that result in as little
material as possible while still fulfilling all applicable structural requirements (Jeyamahendran
etal., 2025).



Green Construction Principles in the Design of Reinforced Concrete Floor Slabs and Beams as a Sustainability
Management Framework

The flat slab system represents a structural system that, from a green construction
standpoint, possesses a number of normative advantages compared to conventional slab
systems with beams. The elimination of beams in flat slab systems reduces the overall concrete
volume, simplifies the construction process, and reduces the total inter-story height, which
implies material savings for facades and other vertical components (Harkava, 2023). Although
this system requires a greater slab thickness to resist concentrated loads from columns, careful
analysis demonstrates that in many cases, the total material used is more efficient compared to
conventional beam systems. Considerations regarding the most materially efficient structural
system are an integral part of green construction planning that must be performed from the
early stages of the design process, rather than after the building geometry has been finalized.

Sustainable construction management does not stop at technical design alone; rather, it
encompasses on-site construction process management that is environmentally responsible
(Mishara, 2024). In the execution of reinforced concrete floor slab and beam elements, the
pouring process, concrete curing, and the management of residual pouring waste are
operational aspects that carry tangible environmental implications. Properly executed concrete
curing not only ensures that the mandated design strength is achieved, but also extends the
building's service life, thereby reducing the need for future material repairs and replacements.
Reducing residual pouring waste through accurate concrete volume planning and the use of
reusable formwork represents a construction management practice that directly implies a
reduction in material disposal into the environment and a reduction in overall material costs
(Carevi¢ et al., 2023).

Aggregate selection in concrete mixes for floor slabs and beams is a material decision
that carries sustainability implications often overlooked in discussions on green construction
(Choi et al., 2022). The use of recycled aggregates derived from the demolition of old buildings
is an approach that normatively aligns with circular economy principles in construction.
Although the use of recycled aggregates requires special attention regarding material quality
consistency and adjustments in concrete mix proportions, this approach fundamentally reduces
dependency on natural aggregate mining, which has a significant environmental impact. In
designing structural elements that utilize recycled aggregates, understanding material
characteristics that differ from conventional aggregates becomes a technical prerequisite that
must be mastered by designers so that targeted structural performance can still be reliably
achieved. Topology optimization is a computational approach in structural engineering that
holds high relevance to green construction principles in the design of reinforced concrete

beams. This method works by identifying the most efficient material distribution in resisting
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the loads acting on a structural element, yielding shapes and material distributions that
theoretically minimize material use while maximizing structural performance (Aparicio, 2023).
Applying this approach within the context of beam design results in cross-sectional
configurations that may differ significantly from conventional rectangular cross-sections, yet
are materially far more efficient. From a construction sustainability management standpoint,
such an approach represents the developmental direction of structural engineering that
consciously positions material efficiency as a primary design variable, on par with the strength
and stiffness requirements that have historically dominated conventional design logic.

The sustainability performance evaluation framework in the design of reinforced
concrete structural elements requires specific and measurable indicators so that its assessment
does not remain subjective. Relevant indicators include carbon intensity per unit of structural
capacity, the ratio of actual material to the minimum material mandated by structural analysis,
the proportion of cement substitution with alternative materials, and the ratio of recyclable
materials at the end of the service life (Mili¢ & Bleiziffer, 2024). By using such indicators,
designers can gquantitatively compare various design alternatives and select the alternative that
provides the best balance between structural performance and sustainability performance. The
development of this kind of indicator framework is an urgent academic and practical need
within the field of sustainable structural engineering, because without clear indicators, claims
regarding a design being green will only be rhetorical without verifiable substance.

The thermal aspect of reinforced concrete floor slab design has a close connection with
the overall energy sustainability of a building. The thermal mass possessed by concrete slabs
is capable of absorbing and storing heat, which, if intelligently utilized in building design, can
significantly reduce energy requirements for space cooling and heating. Within the green
construction framework, designing floor slabs by considering their thermal behavior rather than
treating them merely as structural elements represents an integrative design approach that
delivers sustainability benefits beyond the structural domain (Paknahad et al., 2025).
Understanding how slab thickness, concrete material types, and floor configurations interact
with the building's thermal system requires cross-disciplinary collaboration between structural
engineers and building designers, which constitutes one of the prerequisites of mature
sustainable construction management. Building life cycle management based on green
construction principles positions the end-of-service-life phase as an inseparable part of
planning. In the planning of reinforced concrete floor slab and beam elements, considerations

regarding the ease of demolition and material recycling potential must be integrated into design
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decisions from the very beginning. The use of demountable connections, the selection of
material types with high recycling value, and the detailing of structural designs that facilitate
the separation of concrete and steel materials during demolition are practical considerations
that reflect a comprehensive sustainability insight. This tendency to design buildings with a
full life cycle perspective aligns with circular economy principles that are increasingly gaining
recognition as a normative framework in global construction management responsible for
natural resources (Fardin & Peinado, 2025). To support successful field implementation,
structured and effective material management is absolutely required to ensure supply
availability and minimize wasted construction material alignment (Theodara et al., 2022).
Furthermore, accuracy in preparing project budget analyses using prevailing standard methods
also serves as a highly crucial managerial instrument to guarantee financial efficiency and the
overall life cycle sustainability of infrastructure investments (Haqiqi & Djaelani, 2023).

Coordination between structural design and construction management planning is a
managerial aspect that strongly determines the successful application of green construction to
reinforced concrete floor slab and beam elements. A structural design that has technically
optimized its material efficiency can lose its sustainability benefits if the implementation
process in the field is not well managed. Material waste resulting from inaccurate pouring
planning, reinforcement damage due to improper handling, and the overproduction of unused
fresh concrete are managerial issues that undermine the material efficiency carefully planned
during the design stage (Keintjem et al., 2025). Sustainability management in reinforced
concrete construction must be understood as a system that encompasses tight coordination
between structural designers, project managers, and field executers within a single framework
oriented toward comprehensive material efficiency.

The application of green construction principles in the design and analysis of reinforced
concrete floor slabs and beams is a multidimensional process that requires a fundamental
paradigm shift in how the structural engineering profession views its responsibilities
(Chardakova & Traykova, 2023). Material efficiency, the selection of sustainable concrete
mixes, structural system optimization, and environmentally responsible construction process
management are interconnected components that must be managed integrally within a coherent
sustainability management framework. The successful implementation of these principles
requires a strong foundation of technical knowledge, a clear normative framework, and a
professional commitment stemming from the awareness that structural design choices carry
real environmental consequences that extend far beyond the boundaries of the construction

project itself.
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4. CONCLUSION AND RECOMMENDATIONS

Sustainability management in reinforced concrete construction, particularly in floor slab
and beam elements, is an issue that simultaneously encompasses technical, normative, and
managerial dimensions. Green construction principles should not merely be treated as an additional
layer in the conventional design process, but must become a mindset that guides every technical
decision ranging from structural system selection, element dimension determination, concrete mix
selection, and reinforcement ratio regulation, to the management of the construction process in the
field. Material efficiency achieved through precise and life cycle-based design approaches is the
most concrete manifestation of applying green construction in reinforced concrete structural
engineering. This study demonstrates that structural reliability and environmental sustainability are
not two conflicting goals, but rather two values that can be achieved simultaneously through a
careful, systematic design approach supported by an adequate technical knowledge framework.

Normatively, this study implies that structural engineering and civil engineering
education needs to integrate sustainability principles as core material taught on par with
structural mechanics and reinforced concrete design principles, rather than as a standalone
course separated from the mainstream engineering curriculum. Practically, design engineers
are encouraged to actively utilize the design freedoms available within building codes to
explore more materially efficient configurations, moving beyond the customary use of
conservative rules of thumb that are commonly practiced. Technical standardization
institutions and civil engineering professional associations are advised to develop specific
technical guidelines that provide operational references for designers to integrate structural
strength requirements with material sustainability criteria in an integrated manner. Future
research needs to be directed toward developing a sustainability performance indicator
framework specific to reinforced concrete structural elements, so that sustainability claims in

structural design can be assessed measurably, transparently, and with scientific accountability.
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