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This paper compares 3D printing technology with the conventional reinforced concrete frame
Received: 16/08/2025 system in the context of building construction. By conducting an extensive literature review, the
Accepted: 04/10/2025 study examines the technical, material, and time aspects of both methods. A fictional single-

store residential project of 150 m? was designed initially to assess and evaluate each approach
descriptively. The analysis covers the design stage, construction processes, timeframes, labor

Keywords requirements, costs, and environmental implications. The comparison shows that 3D printing
3D Printing, can reduce overall construction duration to approximately 1-1.5 months by eliminating
Reinforced Concrete formwork, minimizing curing times, and automating material placement. It also enables greater
Frame, design flexibility, particularly for complex geometries, while generating less construction waste.
Construction Nevertheless, its adoption is currently constrained by limitations in material diversity,
Technology, equipment scale, regulatory standards, and technical expertise. Besides, the implementation of
Comparative Analysis, 3D printing has limits on building heights and floors. Conversely, the reinforced concrete frame
Additive Manufacturing, system remains widely used for large-scale and high-rise projects due to its proven structural

performance, established codes, and material availability. Although it generally requires 5-6
months to complete, it demands more labor-intensive processes. The findings suggest that 3D
printing holds significant potential for small to medium-scale buildings and rapid construction
scenarios, especially where time efficiency and waste reduction are priorities. This comparative
perspective offers practical insights for integrating digital fabrication into contemporary
construction practice.

1. INTRODUCTION

Technological advances are rapidly transforming a wide range of disciplines, continually reshaping both
traditional practices and emerging industries. The construction industry benefits from the development of
new technologies. Over time, changes have been made to construction techniques, materials, and
dimensions. Thus, different construction technologies have been used depending on the period [1]. When
building construction methods are examined, they are classified according to their structural
characteristics as masonry, skeleton, slab, and mixed load-bearing systems [1]. Today, the most used
system in building construction is the skeleton system [2]. In this system, the building is supported by
horizontal and vertical load-bearing elements. The construction of buildings is carried out on site. This
method, which involves diverse work items, is referred to today as the traditional construction method
[2]. Traditional construction methods used in the construction industry require a high degree of formwork
and labour [3]. This situation extends the construction process of buildings. For this reason, efforts have
begun to develop new construction technologies and promote their use in existing building construction
methods to accelerate production in the construction industry.

Digital fabrication, in its simplest definition, is based on the production of an object designed in a
computer environment using a machine. The most common use of this production method in buildings is
additive manufacturing [2]. This method demonstrates the potential of new designs in terms of production
and distribution, application process, assembly speed, reusability, recyclability, modularity and
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adaptability [4].ASTM (International Committee F42) presents 7 categories for additive manufacturing
technologies according to its standards. These categories can be classified as layered extrusion of the
material, production by spraying, bonding with a binder liquid, sheet metal processing, light-cured
photopolymerization method, melting of the powder bed with energy, and layered deposition of the
material using direct energy. Material extrusion, in additive manufacturing, is a process created by
recasting a molten part layer by layer [5]. In this technique, the raw material is liquefied with heat and
poured sequentially. 3D printing is one of the most widely used methods today [2]. Before a structure is
produced using a 3D printer, a 3D model is created in a computer environment. According to instructions
coming from the computer, the printer prints the structure using a mortar containing cement, water, and
fine aggregate [6]. Rapid prototyping, complex geometry production, and customization capabilities make
3D printing increasingly preferred in the construction industry, and structures are being built using this
method [7]. For example, the first clay-based 3D-printed eco-house in Italy, part of the Tecla project, was
developed as a sustainable housing solution using local materials [8].

3D printing technology has significant innovation and transformation potential in
architecture[9].However, the challenges faced by 3D printing are also significant: limited material variety,
limited print sizes, post-printing processing requirements, low unit costs when scaling production, surface
roughness, and mechanical weakening due to layered construction are frequently discussed [10]. It is
being investigated what work can be done to solve these problems and highlight their potential.

There are studies in the literature examining the speed and cost relationship between 3D printing and
traditional construction methods [2] , the effects of the materials used on the structure[11], and the
differences in building shape compared to 3D printing[12]. In addition to these studies, this research
examines the differences between traditional construction methods and 3D printing technology through a
fictional case study.This study aims to examine the potential and limitations of 3D printing technology
from a multifaceted perspective and compare it with traditional manufacturing methods through a
fictional case study. A direct study on a case study has not been conducted; instead, an evaluation was
carried out through a fictional case in order to address the need for scaling in terms of construction
workload and time. First, the technical, material, economic, and environmental aspects of 3D printing and
the traditional reinforced concrete skeleton method found in the literature are examined and presented. A
virtual building design was then developed as the basis for the fictional case study, enabling a direct
assessment of how both methods address the same design problem. Finally, the two approaches were
compared in detail to identify their strengths and weaknesses.

2. 3D PRINTING TECHNOLOGY

Technology improves itself by producing new solutions every day. One of the objectives of these is to
increase the comfort level by making people's lives easier. Developments in the field of technology are
seen in every sector. One of these sectors is the construction sector. It is 3D technology, which can also
be described as the most innovative of the technological developments that manifest themselves in the
construction sector. 3D printer technology was invented in 1984 [13]. 3D printer technology is an additive
or additive manufacturing process to produce 3D solid objects from a virtual model [14].

In 3D printers, models are designed using computer-aided programmes. The 3D printing process is based
on the process of building 3-D objects by adding material from a digital model in very thin layers [14].
3D printing can be used to create solid objects from digital files. While the use of this 3D printing
technique has expanded into areas such as defense, aerospace, medicine, and automation, as of 2019, it
has also gained significant popularity in parts manufacturing (57%), bridge manufacturing (39%), tool
and apparatus manufacturing (37%), and repair and maintenance (38%) [15]. 3D printing machines, with
different working principles, various materials accordingly offer solutions to production needs.

Each layer forms a very thin section of the object and is layered on top of the other to create the designed
form. This gradual process is crucial for the geometric accuracy and bonding quality of each layer. The
weakness of interlayer bonds can directly impact quality criteria such as mechanical strength and surface
smoothness. This method offers the advantages of complex geometry, minimal waste, and customization
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by simply adding material as needed. 3D printing technology also lends itself to the development of new
methods. For example, the method for producing and using insulation in the wall prototype developed in
this article significantly contributes to the development of innovative construction techniques and new
perspectives in the field [4].

3D printing technology encompasses a wide variety of machines in terms of production methods,
materials, and scale. Various types are available, ranging from desktop-scale Fused Deposition Modeling
(FDM) devices to Selective Laser Melting (SLM) systems using metal powder and large-scale concrete
extrusion machines for construction purposes [16]. Within this diversity, robotic arm-based 3D printing
systems stand out, particularly in construction site applications requiring mobility [17] (Figure 1). Thanks
to their multi-axis movement capabilities, robotic arms enable the production of complex geometries in
single piece. Their modular structure and compact size make them easily portable and adaptable to
different sites [18]. SLS (Selective Laser Sintering) enables the production of parts for industrial areas
with materials such as plastic or polymer in powder form. STL (Stereolithography) format is used in the
production of many small-scale products that define 3D models with triangular surfaces [19]. D-Shape,
on the other hand, creates stone-like structures with sand and binder for large-scale production and is a
technology that can revolutionize the construction industry [16]. Each method offers different advantages
according to the area of use.
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Figure 1. 3D printing setup: 0. Computer control; 1. Robot control machine; 2. Printing; 3. Robotic arm;
4. Printing; 5. Accelerator; 6. Peristaltic pump for accelerator; 7. Pump for mixing; 8. Premix mixer; 9.
3D prepared object [20]

2.1. 3D Printing Construction Method

3D printer technology is described as creating additive or additive manufacturing to produce three-
dimensional solid objects from a digital model [3]. The basic logic of the structures produced with 3D
printers is based on the logic of 3D printer technology. 3D printer technology can be grouped into 3
categories. These are structure production, structure component production, and mold production in the
structure. Techniques such as contour production, direct energy storage, concrete printing, binder
spraying, photo polymerization, and material extrusion are used in production [16] .

3D printing technology makes it easier for designers to apply structures in different and difficult-to-make
shapes that they have designed. According to the study, the findings obtained from different wall
geometries reveal that 3D printing is not only limited to current applications but also has the potential to
be produced through different form decisions, corner details and geometric arrangements, and in this
respect, it can directly affect design decisions [21]. In this case, it eliminates production limits such as
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molds, thus making the design process freer. AUTODESK AutoCAD and Rhinoceros 3D software are
examples of preferred software in the design and modeling phase. After the design and modeling phase,
the drawings are transferred to the robot's own CAM (Computer Aided Manufacturing) program. In the
CAM program, the robot is first simulated. The model to be printed with the simulation is checked, and
deficiencies are eliminated before printing. Then the G-code is uploaded to the machine with a memory
[22].

The printing process of the mortar of the printer that will perform layered production in the robot consists
of three different phases and four stages [23]. In the production phase, the materials that make up the
mortar to be used in the printing process are placed in two different collection tanks. In the first stage, a
dry mixture and in the next stage, a wet mixture are prepared from these materials. When the pump phase
is passed, the third stage, the pump, is activated, and during pumping, the material is transferred to the
nozzle by passing through a pipe. The printing phase is carried out by squeezing the mortar transmitted by
the pump to certain points (extruding) from the moving end called the nozzle in the last stage. Then,
production is completed with the solidification of the material (Figure 2).
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Figure 2. Graphical representation of the 3D printing printer automatic structure production phases [6]
Structural calculations are made following the regulations developed for reinforced concrete structures,

since there is no regulation for the decisions in the application phase of the building with 3D printing
[24].With this system, vertical and horizontal elements are produced separately and brought together.
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Figure 3. Workflow diagram of the 3D Printing Process [51]
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These precast structural elements can be transported and assembled by placing anchors in them. At the
same time, they can be reinforced by adding reinforcement inside the walls for the carrier system and
pouring concrete mortar (Figure 3).

The production of the 3D printed house design, the first building trial, was completed in a week in zigzag
layers with a total of 8 load-bearing columns at the corners of the building [25]. The gaps between the
zigzag patterns are designed to provide sound and heat insulation. In addition, the placement of systems
such as electrical and plumbing systems was determined during the design phase, and thanks to the gaps
in the wall, the installation lines are easily integrated during the production process (Figure 4) [25].

Figure 4. Residential Building Production by ISTON A:S. (2_0217 [2

2.2. 3D Printing Building Materials

The building materials for 3D printing vary significantly depending on the specific printing method
employed and the intended application area. In the construction industry, 3D printing materials are
generally selected according to criteria such as durability, flexibility, sustainability, and economic
feasibility [26]. In this context, material selection is directly related to the type of printer used (extrusion-
based systems, powder-binding technologies, hybrid printers, gantry-type systems or robotic arm
systems). Broadly, these materials are classified into 3 main categories: liquid, solid, and powder-based.
Each category encompasses a range of sub-materials, including polymers, metals, ceramics, and
composite materials, each with distinct mechanical properties and processing requirements [27].

Building-scale 3D printing technologies allow for the selection of different materials depending on the
type of printer and printing method used. In extrusion-based systems, which are the most common
method, cement-based composites, geopolymers and clay-based mixtures are used [28]. These materials
meet performance criteria such as fast setting, high interlayer adhesion, pumpability and sufficient fluidity
thanks to their properties suitable for layered production. Special mixtures used particularly in 3D
concrete printing are optimized with low water/cement ratios and additives that prevent shrinkage and
cracking, ensuring both durability and production efficiency [12]. Similarly, clay and soil-based mixtures
are also preferred in low-cost and sustainable housing projects[29].

Gantry-type printers used at the structural scale enable the production of large-scale structures in a single
operation via rail-mounted bridge systems; robotic arm systems, with their high degrees of freedom, make
it possible to realize curved surfaces, parametric designs, and hybrid material integration [30]. Powder
binder systems, also used in the D-Shape technique, are based on the principle of combining sand,
limestone or geopolymer powders with liquid binders. Offering the advantage of modules production,
they are preferred for the production of free-form facade panels, modular elements and decorative
components [31]. Small-scale techniques such as Fused Deposition Modelling (FDM), Selective Laser
Sintering (SLS) and Stereolithography (SLA) are used in the production of structural elements, ceramic
parts and interior components, enabling the integration of advanced materials such as thermoplastics,
composites and metals [16] (Table 1).

Furthermore, various 3D printing techniques are available for ceramic production, including material
jetting, direct ink deposition, fused deposition modelling, stereolithography, and digital light processing,
for functional ceramic devices with a composite structure consisting of multiple materials, such as micro-
ribbon lines, ribbon lines, and transition points[32] (Figure 5).
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Figure 5. Different 3D printing techniques, including material jetting (MJ), direct ink writing (DIW),
fused deposition modeling (FDM), stereolithography (SLA), and digital light processing (DLP) [32].
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Materials undergo post-production finishing processes such as curing, sintering, heat treatment, epoxy
resin application, sanding or surface coating to increase durability and minimize issues such as cracking,
shrinkage and interlayer separation [33]. However, as the dimensions of the parts to be produced increase,
printers must also become larger and more powerful. Nevertheless, thanks to the development of gantry
systems, robotic arm-based printers, and advanced extrusion techniques, 3D printing is becoming
increasingly feasible at the structural scale. offering sustainable, durable, and innovative construction
solutions through materials such as cement-based composites, geopolymers, and clay [34]. Another
preferred material is foam concrete [11]. Foam concrete can be defined as a lightweight cementitious
material with a cellular structure produced by adding air voids to a cement paste or mortar [11]. Because
foams have relatively low thermal conductivity, they are primarily used to insulate structural and non-
structural building elements that experience heat loss, such as interior or exterior walls, roofs, and floors
[29]. A lightweight material, foams can also be used as infill or to create functional temporary or
permanent molds. These properties have increased interest in the use of foam in 3D printing
applications[29]. Finally, metallic objects can also be 3D printed using a combination of an electric arc as
a heat source and wire as a raw material [35].

Table 1. Different 3D printing techniques and their important features[13],[36]

Technology / | Materials Used Print Speed (1 mm Area of Use
Method increment)
Extrusion Cement-based Load-bearing walls, structural
(Gantry concrete, 60 sec elements, residential-scale buildings
Systems) geopolymers,

clay/soil
Extrusion Cement-based Variable (depending Curved surfaces, parametric designs,
(Robotic Arm | concrete, on material) free-form structures
Systems) geopolymers,

clay/soil
Powder Binder | Sand, limestone, | ~60 sec Facade panels, modular elements, free-
(D-shape) geopolymer form components

powders
Fused Thermoplastics ~90 sec Small-scale building elements,
Deposition prototype parts
Modeling
(FDM)
Selective Polyamide, ~120 sec
Laser polycarbonate, High-precisi N ial
Sintering polystyrene, sand gh-precision components, specia
(SLS) connection parts
Stereolitografi | Photopolymer ~150 sec Fine-detailed prototypes, ceramic
(SLA/DLP) resins, polymers coatings
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3. CONVENTIONAL CONSTRUCTION METHOD

Technological advancements used in building construction vary depending on the conditions and
capabilities of the region where the structure will be built. Building systems are generally divided into
three main groups based on the materials used and their structural characteristics: masonry systems,
skeletal systems, and hybrid systems [37]. Stone wall systems are generally constructed by stacking
small, load-bearing materials on top of each other and have been widely used throughout history to meet
shelter needs [2]. Skeletal systems, on the other hand, are related to the principle of connecting horizontal
and vertical load-bearing elements and transferring the loads to the foundation through these elements.
Various materials, such as steel, reinforced concrete, or wood, can be used in these systems [38].

The term conventional construction method is used in this study, the reinforced concrete frame structure
in which the building is constructed, starting from the foundation, then continuing with vertical and
horizontal structural elements. Reinforced concrete frame-skeleton systems are the most widely preferred
method, especially for high-rise and complex structures. The reinforced concrete skeletal system consists
of main load-bearing elements consisting of including columns, beams, slabs, and foundations (Figure 6).
Columns transmit vertical loads to the foundation, ensuring the stability of the structure and increasing its
resistance to horizontal forces such as earthquakes [39]. Beams transfer loads from the slabs to the
columns, ensuring a balanced load distribution. Slabs, on the other hand, serve as horizontal load-bearing
elements, transmitting their loads to the beams. The foundation, on the other hand, transmits all loads in
the structure to the ground, ensuring solid stability [40]. Furthermore, the development of static standards
for reinforced concrete systems makes them a preferred choice for practitioners.

Figure 6. Schematic representation of reinforced concrete building components [41]

The construction process of a reinforced concrete (RC) frame system begins with the preliminary design
phase, which includes the completion of architectural drawings, structural analyses, and structural
calculations. This phase also includes geotechnical investigations to determine soil bearing capacity,
groundwater levels, and potential settlement risks, followed by site clearing, leveling, and foundation
excavation. After excavation is complete, formwork systems consisting of timber, steel, or modular
formwork are constructed to ensure the required shape and size accuracy for the structural elements.
Reinforcing steel is then cut, bent, and installed according to the structural reinforcement drawings.
Reinforcement placement should ensure appropriate spacing, lap lengths, anchorage, and adequate
concrete cover to protect against corrosion [42].
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Concrete placement begins after the reinforcement is installed. Concrete is placed in layers and
compacted using vibrators to eliminate air voids and ensure uniformity. During curing, appropriate
moisture retention and temperature control are achieved through wet curing, curing compounds, or
protective coatings to achieve the desired mechanical properties and prevent premature cracking.
Reinforced concrete skeleton systems offer high compressive strength, durability, and fire resistance.
They also present some disadvantages and technical challenges. The high density of concrete significantly
increases dead loads, requiring more robust foundations, especially in weak soils, which increases
construction costs and complexity [43]. Transportation and installation are labor-intensive due to the mass
of formwork and reinforcement materials. The reinforced concrete construction process is time-
consuming because concrete requires a curing period that delays subsequent construction stages
compared to steel or precast systems. Furthermore, reinforced concrete structures require a high level of
workmanship and quality control at every stage, from formwork alignment to reinforcement detailing and
concrete compaction. From an environmental perspective, reinforced concrete construction has a
significant ecological footprint, primarily due to cement production, which is responsible for
approximately 8% of global CO: emissions [17].

4. CASE STUDY PROJECT EVALUATION

In this study, a single-storey residential project with an area of 150 m? is considered as a virtual case
study model (Figure 7) for the comparison and evaluation of 3D printer construction technology and
conventional reinforced concrete construction systems. The project is drawn and modeled in Revit
software for the analysis of architectural design and construction processes. The architectural process and
construction process of both methods will also be analyzed.

Figure 7. Drawing and Model of the virtual case study

4.1. 3D Printer Construction Technology Process
4.1.1.Architectural Design Process

» The general design and functions of the structure are drawn in a digital environment.

» The design is created using CAD software (BIM, Rhino, Grasshopper, etc.).

» The 3D printing material to be used (concrete mixture, composite, etc.) is selected.

» The design is tested with the machine according to the stresses that may occur during printing and the
durability criteria.

+ The digital design is transferred into G-code format so that it could be used for 3D printing. After the
design, the wall, floor, and column components are prepared in separate files for the 3D printer.

 Technical details such as layer thickness and printing speed are adjusted.

» A small-scale model is printed, and the design is tested and revised if necessary.
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4.2.Construction Process

» The area where the printer will be placed is prepared, and the infrastructure work is completed.

 The printer builds the structure in the determined layers.

+ Gaps such as doors and windows are considered during the design and included in the printing.

 Continuous material flow is provided, and waste is minimized during the printing process, thus the
amount of waste is quite low.

« Electrical, plumbing and other mechanical equipment are added with the help of labor.

« Surfaces are polished or painted; interior details are completed.

The current case study was analyzed by examining studies and research on examples such as a 3D-printed
building in Dubai, a two-story house, and a residential project in China [44] ,[12] ,[33]. Based on
information gathered from relevant research and articles, the construction of this structure can be
completed in approximately one to one and a half months.

4.3. Conventional Reinforced Concrete Construction Process
4.3.1. Architectural Design Process

» The general design and functions of the structure are usually designed with two-dimensional drawings
or 3-dimensional drawings, then optionally determined with simple models.

 Plans, sections, facades are detailed and made compatible with static projects.

» The appropriate material (concrete class, reinforcement diameter, etc.) is selected for the reinforced
concrete system.

» The structure is analyzed according to load-bearing and durability criteria.

+ The material, labor and equipment requirements are determined.

+ A time and workflow plan suitable for the project is created.

4.3.2.Construction Process

» Foundation excavation is done; ground preparations are completed.

» Formwork and scaffolding systems are installed.

« Iron reinforcement is laid for the load-bearing elements of the reinforced concrete structure.

» The ready-mixed concrete mixture is poured into mold and compacted by vibration.

» The necessary curing period for the concrete to harden is waited.

 This process usually varies between 7-28 days.

+ Electrical, plumbing and other mechanical systems are installed.

» Walls are plastered, painted, and surface coatings are applied.

* Interior details are completed.

 The structure is subjected to quality control and safety tests.

Based on the studies in the literature, when factors such as formwork and concrete curing durations are
taken into account, it has been determined that the construction process of this structure can be completed
within approximately 5 to 6 months [45], [46].

5. COMPARATIVE ANALYSIS OF BUILDING CONSTRUCTION WITH CONVENTIONAL
AND 3D PRINTER TECHNOLOGY

The most used technique in the construction of buildings today is the reinforced concrete skeleton system,
one of the conventional construction techniques. When building construction with digital fabrication
techniques is examined, the most common technique is 3D printing with the extrusion method [47]. The
process of printing houses with 3D printing was developed in 1997 [10]. With the examples developed
after this project, it was realized that its use in the construction field had serious potential and accelerated
the studies in this field [47]. The construction sector is slower to produce its final product compared to
other sectors. For this reason, the fact that buildings can be built faster with 3D printing technology has
increased the demand for this technology [47]. Studies have shown that building production can be



598 Hatice CEYLAN, Ekrem Bahadir CALISKAN [ GU J Sci, Part B, 13(4): 589-605 (2025)

carried out with this technology in one-fourth of the time compared to the conventional construction
method. In addition, faster production compared to conventional construction methods can enable people
affected by disasters to meet their shelter needs in a short time [7]. Even if a building is not built entirely
with 3D printing technology, the construction of prefabricated modules also provides significant savings
in terms of time (Figure 8).

Raw material supply Manufacturer Construction Site Waste
Traditional Construction supply chain 3 l . [
£83
i L4
3D printing field production supply chain Sit

3D printer outside the field manufacturing 3 l
supply chain -

Figure 8. Scheme of conventional construction methods, on-site construction of the building with a 3D
printer, and on-site production with a 3D printer [2]
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Based on the findings of the project designed in the case study, 3D printing in the construction phase
offers a continuous and automated production process in which the printer deposits material layer by layer
according to the digitally created design. Door and window openings are integrated into the model from
the outset, minimizing the need for additional cutting or modifications. This process significantly reduces
waste. Furthermore, mortars developed for 3D printing reduce energy consumption in buildings, reduce
heat transfer with mixtures that reduce energy consumption in buildings, and provide the thermal
insulation used in traditional construction methods [48].. 3D printing automates a large portion of the
construction process, reducing the need for intensive labor on site and requiring a skilled workforce. This
not only reduces the number of workers but also eliminates the tasks of installing and dismantling
formwork and transporting heavy materials required in traditional reinforced concrete methods. While the
formwork system constitutes a labor-intensive and safety-risk phase of the work in reinforced concrete
methods, this process is eliminated in 3D printing (Figure 9). Furthermore, when evaluated from the
perspective of project management and construction management, 3D printing technology significantly
automates the construction process, directly impacting workforce planning, scheduling, and cost control.
In traditional reinforced concrete methods, processes such as formwork installation, reinforcement
placement, concrete pouring, and wall construction must be planned separately and require intensive
coordination. In project management, these processes can lead to time loss and budget overruns. In
contrast, the elimination of these stages with 3D printing makes the management process more
predictable. Thus, a construction management model emerges that is less uncertain for project managers
and more controlled in terms of time and cost (Table 2). Construction is also one of the leading sectors in
solid waste production [17]. Reducing the damage to the environment is important for the sector.

With the increasing population, urbanization rate, and the growth of industry, solid waste poses a
significant problem [49]. Since the mortar is commonly printed directly in building production with 3D
printers, less waste is created. From a resource and labor perspective, the findings of the case study
indicate that 3D printing automates much of the construction process, reducing reliance on large on-site
labor teams.
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Figure 9. Construction process with conventional method and construction method with 3D printer [2]

In terms of flexibility and precision, 3D printing offers greater design freedom by enabling complex
geometries and customized designs without the constraints of traditional formwork systems. However, its
applicability is currently limited to specific building types and scales and requires highly specialized
equipment and expertise. Traditional reinforced concrete, on the other hand, has a proven track record of
success in high-rise and large-scale projects, driven by regulations, standards, and widespread material
availability. While there are successful examples of 3D printing technology, they are few and far
between.

Table 2. Comparison of construction method with conventional and 3D Printing construction techniques
Conventional Construction Techniques | Construction Techniques with 3D
Printer Technology

Sustainability | -Creates more energy consumption [44] -Creates less energy consumption[44]

-Products are highly developed -The products are quite new[50]
-Products are easily accessible -There is limited product
-Product variety is high[46] -Product variety is limited
Construction -Has a standard[38] -Has standards
-Has high static strength -Has high static strength
-Easy to meet the equipment needs -Difficult to reach the equipment [50]
-Needs a lot of equipment -Needs few equipment
-Suitable  for multi-storey  building | -Built up to 5 floors
construction -Needs few qualified personnel[2]
-Needs a lot of qualified people[18]
Cost -A lot of equipment needed -Few equipment needed
-R&D needs are low -High R&D needs
-Logistics costs are high[33] -High logistics costs
-Material usage is high -Low material usage[44]
Production -Limited possibilities for complex-shaped | -Possibilities  for  complex-shaped
structures[13]. structures.
Environmental | - Low material waste, but concrete-based | - High material waste and significant
Impact mixes still have a high carbon footprint | CO: emissions from cement production
[30]. [44].
Application - Small to medium-scale buildings, rapid | - Wide range of applications from
Area housing production, post-disaster | small structures to high-rise buildings.
temporary shelters.
Design - Organic and complex forms can be | - Complex geometries are difficult and
Flexibility produced since there are no formwork | costly due to traditional formwork

limitations [13]. systems.
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The structures comprises many components. These components differ between the two methods. When
comparing these components, the first step is to consider the reinforced concrete method in the foundation
system, which provides a strong infrastructure with raft, continuous foundation, or pile foundation options
that can be adapted to different ground conditions. While 3D printing is generally built on precast
concrete and is limited to low-rise buildings. In the traditional reinforced concrete system, walls are
generally created with concrete or brick-block masonry poured into molds, a process that requires high
labor and time; in 3D printing, walls are raised without molds using the layered production method, and
installation spaces can be integrated simultaneously, which can create advantages in terms of both speed
and design flexibility [13]. While the reinforced concrete method offers high load-bearing capacity and
suitability for multi-story structures based on slab and beam systems for roof elements, 3D printing
technology has been tried with the printing method in dome or shell forms, but the structures produced
have also been dependent on traditional solutions for roofs. Because there is no fully developed method
for 3D printing of roof forms yet, it seems that this field is still open to development [9]. In terms of
interior design, while surfaces in reinforced concrete structures need to be finished with plaster, coating,
and additional labor; 3D printing, with its ability to produce organic forms and free surfaces, requires less
finishing and can even be used directly in raw form in buildings (Table 3).

Table 3. Comparison of building components using traditional methods and 3D printing technology

Construction Element

Conventional RC Frame

3D Printing

Foundation

Requires excavation, formwork,
reinforcement and  concrete
curing; time consuming [47].

Shallow foundations are used
with prefabricated or directly
pressed foundation elements
[47].

Walls

Constructed using a mould or
individual ~ knitting  system;
creates a smooth surface but
requires extra workmanship[2].

Directly extruded with
cementitious mix. Can be used
in its original form[22].

Roof

Typically, on-site  prepared
boards or pre-fabricated panels
are used[36].

Currently it is limited; roofs are
usually added traditionally,
although dome and shell-like
roofs have also been used [36].

Interior Design

After the concrete has cured and
the walls have been built, the

Organic and complex internal
geometries are possible during

necessary  finishing  works | printing. Plaster and paint are
include painting and | optional [25].
plastering[12].

6. CONCLUSION

The construction industry has reshaped construction practices with technological innovations, particularly
additive manufacturing. Among these innovations, 3D printing technology stands out because it offers
faster production times, reduces material waste, provides design freedom, and potentially offers more
sustainable solutions compared to traditional reinforced concrete systems. Given the growing demand for
cost-effective, environmentally responsible, and rapidly implemented construction methods, evaluating
the true potential and limitations of 3D printing is significant.

The study primarily analyzed the diversity of 3D printing technologies and their available materials and
technologies. Among the 3D printing technologies analyzed, extrusion-based gantry systems and robotic-
arm printers demonstrated significant potential for large-scale applications. Gantry systems allow for the
precise layering of cementitious materials onto large surfaces, while robotic arms provide enhanced
maneuverability for complex forms and customized details. In terms of materials, cementitious concrete
mixtures remain the most common choice, ensuring structural integrity and compatibility with current
building standards. Furthermore, the use of geopolymers, clay, and hybrid cementitious composites was
highlighted for their potential to increase sustainability and reduce environmental impact.
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This study then conducted a comparative assessment between 3D printing technology and traditional
reinforced concrete frame construction. First, a comprehensive literature review examined the technical,
material, economic, and environmental aspects of both methods. A virtual single-story residential
building was then designed as a fictional case study, allowing us to directly compare the two construction
methods in terms of the design process, construction workflow, cost, duration, labor requirements, and
environmental impact. The case study demonstrated that while reinforced concrete continues to dominate
large-scale and high-rise applications thanks to established standards and proven durability, 3D printing
offers distinct advantages in terms of speed, labor savings, design flexibility, and waste reduction. The
integrated discussion of the findings suggests that 3D printing can reduce construction time from an
estimated 5-6 months (the traditional method) to approximately 1-1.5 months. This is primarily achieved
by eliminating the need for mold, shortening curing times, and automating material placement.
Furthermore, the ability to print components directly from digital models does so without incurring
significant additional costs. From an environmental perspective, 3D printing can reduce material waste
and, with the right cementitious or alternative binders, reduce CO: emissions compared to traditional
processes; however, reliance on existing cement-based mixtures remains a challenge. However, its
applicability is still limited by equipment size, material availability, regulatory gaps, and the need for
specialized technical expertise. Overall, the comparative analysis highlights that 3D printing is not yet a
full substitute for reinforced concrete systems but rather a complementary technology that can excel in
specific applications where time efficiency, waste reduction, and design adaptability are prioritized. The
fictional case study designed for this research has made these contrasts visible by situating both methods
under the same design and performance conditions, thus contributing to a more objective and
contextualized evaluation of their strengths and weaknesses.

This research has contribution to the additive manufacturing by evaluating 3D printing and reinforced
concrete systems under the same design conditions. By combining literature-based evidence with a
hypothetical project scenario, aim is to provide a realistic and practical perspective on where each method
excels and where improvements are needed.

In this study, the case study was used descriptively; however, in future research it could be simulated in a
computer-based environment to enable more detailed assessments and analyses..Also future studies could
explore hybrid construction models that combine 3D-printed elements with traditional systems to
leverage the strengths of both methods. Further development of sustainable, cementless printing materials
and mobile, large-scale printing equipment could increase the applicability of 3D printing to a wider
range of building types and contexts. Furthermore, the establishment of international standards and
regulatory frameworks will be crucial to ensure structural safety, consistent performance, and broader
industry adoption. Ultimately, as technological capabilities improve, 3D construction printing has the
potential to evolve from a novel innovation to a fundamental method that complements, and in some
cases, replaces traditional building systems.
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