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ABSTRACT

3D printing, unlike other manufacturing processes, being an additive process has emerged as a viable technology for the production of engineering components. The aspects associated with 3D printing such as less material wastage, ease of manufacturing, less human involvement, very less post processing and energy efficiency makes the process sustainable for industrial use. The paper discusses numerous 3D printing processes, their advantages and disadvantages. A comprehensive description of different materials compatible for each type of 3D printing process is presented. The paper also presents the various application areas of each type of process. A dedicated section on industry 4.0 has also been included. The literature studied revealed that although the field of 3D printing has evolved to a great extent, there are still issues that need to be addressed such as material incompatibility and the cost of the materials. Future research could be undertaken to develop and modify the processes to suit a broad range of materials. To broaden the range of applications for 3D printed parts, more focus needs to be laid on developing cost effective printer technologies and materials compatible for these printers.
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1. [bookmark: 1.Introduction]Introduction
The construction industry has been one of the least technologically advanced industries in the world, characterized by slow, labour-intensive, and time-consuming processes. However, recent advancements in 3D concrete printing have opened up new possibilities for faster, more precise, and more sustainable construction practices. Traditionally, constructing a building or infrastructure involves multiple stages, including designing, procuring materials, and assembling. This process is time-consuming and labour- intensive, and the construction industry has been plagued with delays, cost overruns, and safety concerns [1], [2], [3], [4]. Although, 3D printing technology can potentially revolutionize the construction industry by significantly reducing the time and labour required to build structures. One of the key benefits of 3D printing in construction is the speed and precision of the process. Unlike traditional construction methods, which require manual labour, 3D printing technology can create complex and intricate shapes with incredible speed and accuracy. This can result in faster construction times, reduced labour costs, and more efficient use of resources [5], [6], [7], [8]. The 3D printing technology can reduce the waste generated during construction, thus making the process more sustainable. Traditional construction methods often result in a significant amount of waste, as materials are cut to size and assembled on-site [9], [10], [11]. In contrast, 3D printing technology can reduce waste by producing building components with greater precision, using only the necessary amount of material. Additionally, 3D printing technology can use sustainable materials, such as recycled plastic or biodegradable materials, which can reduce the carbon footprint of the construction industry [12], [13], [14]. Furthermore, 3D printing technology has the potential to revolutionize the design and functionality of structures. With 3D printing, it is possible to create intricate and complex designs that would be difficult or impossible to achieve using traditional construction methods [15], [16], [17], [18]. 3D printing technology allows architects and engineers to develop strategies that incorporate curves, angles, and intricate details, leading to visually stunning and functional structures. Four examples of vertical 3DP in architecture.
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Fig. 1 represents four applications of vertical 3DP, including (a) an in-situ wall with a shell and fills application, (b) a solid geometry component, (c) a panel component, and (d) in-situ walls and columns. 3D printing technology, stemming from layer-by-layer fabrication of 3D structures based on computer- aided design (CAD) drawings, has emerged as an innovative and versatile technology platform[26].

It offers promising opportunities for companies seeking to enhance manufacturing efficiency and can print various materials, including thermoplastics, ceramics, graphene-based materials, and metals [27]. The adoption of 3D printing technology has the potential to revolutionize industries, enabling faster production and cost reduction. Moreover, it gives consumers more significant input in the final product, leading to customized specifications. With manufacturing facilities closer to consumers, the process becomes more flexible, responsive, and quality-controlled while reducing the need for global transportation through fleet tracking technology, thus saving energy and time [28]. This technology finds wide applications in agriculture, healthcare, automotive, and aerospace industries, fostering mass customization and open-source designs [29].
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2. Types of processes in 3D printing
[image: Screenshot 2024-06-06 121221.png]In order to satisfy the need for printing intricate models with high resolutions, methods of AM have been developed. Rapid Prototyping has played an important part in the advancement of AM technologies. AM Technologies are based on three main types which are sintering whereby the temperature of the material is raised without being liquified to compose complex sharp resolution prototypes, melting- where electron beams are used to melt the powders and stereo lithography which uses a method referred to as photo polymerization, which uses an associate ultraviolet laser. This laser is dismissed over a photopolymer resin vat so that torque-resistant ceramic components are ready to encounter utmost temperatures [2]. As per ASTM (American Society for Testing and Materials), AM have been divided into seven processes which include VAT Photo polymerisation, Material Jetting, Binder Jetting, Material Extrusion, Powder Bed Fusion, Sheet Lamination, and Direct Energy Deposition [3]. Some of the main methods have been addressed in depth in the subsequent sections focusing on the work involved in each process, benefits and drawbacks, materials used in different processes, and applications of various 3D printing processes.
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Stereolithography (SL)

Era of 3D printing started in the late 20s and SL is the earliest 3D printing process ever introduced in the market and the first ever 3D printers set in motion were stereolithographic/ SL machines that were used to manufacture 3D models, 3D prototypes, 3D parts and patterns. Although many studies in the area of 3D printing were conducted in the 1970s, this process was introduced and patented by Charles Hull in 1984 [4]. Before defining the term Stereolithography, one needs to understand how the SL process works. To begin the process, a CAD file is generated on the system and this file is converted into STL file type. This STL file type provides the geometric data required by a 3D printer to manufacture an object. The four main parts which contribute to the formulation are ultraviolet (UV) curable photopolymer liquid, perforated table, laser source, and a computer to control the process. After reading the STL file type, 3D printers start working in such a way that the perforated table gets immersed in the liquid tank. As the table moves downwards, the liquid polymer encounters the table through the perforated holes. The instant the liquid comes in contact with the table, the UV laser hits the upper surface of the photo liquid polymer making it hardened instantly. This table then again moves downward, to create a layer-by-layer geometry and each consecutive layer is fused starting with the base layer. After the completion of the last layer, the 3D printed part is immersed into another resin so that the 3D printed model gets separated from the liquid polymer. After this process, the bonding between all the layers gets strong in that particular resin and this 3D printed model is now allowed to bake in a UV curing oven. Inside this oven, at the predetermined temperature, all the layers harden up, strength increases, and the desired surface finish is obtained. Thus, all these processes finally lead to the finished object.



2.1. Fused deposition modelling (FDM)

FDM is a procedure that uses thermoplastic filament that has been parched to its melting point and then thrust out layer upon layer toform a 3D object [5,50]. FDM technology was introduced by Scott Crump during the early Nineteen Nineties by Stratasys INC, USA introduced this. The 3D printers used for FDM contain a support base that is related to some degree of freedom and it has an arrangement such that it will move in a vertical direction. Aboard with the bottom plate, there’s an associate extruder that connects the filament and is liable for heating of the filament up to its freezing point and so extrudes it layer by layer with the assistance of a nozzle to form the required object. The extruder has the supply to maneuver in all three directions (x, y and z). The reason that it’s called fused deposition modeling is that the adjacent layers get consolidated to one another whereas deposition is completed by the extruder and therefore the 3D printer is liable for modeling of the item [57]. Counting on the surface end needed, the ultimate product is dipped in resin as similar in the SL method. the layers harden up, strength increases, and the desired surface finish is obtained.



2.2. Binder jetting (BJ)

Binder Jetting uses a modified version of Inkjet technology. Massachusetts Institute of Technology (MIT) introduced this process [9]. Instead of using lasers to bind this process, it uses an inkjet to bind the objects. It uses a 2D printer technology in inkjet and goes up in layers forming a 3D project. In this process, with the help of a printhead, moving on two axes, a liquid binder is precisely deposited. This process also begins like any other 3D printing process, that is by creating a 3D drawing and then importing it into printer software. Since constant supply is required during printing, thus, a dispenser ensures that supply by placing powder in it that is to be used. Following the application of a powder sheet of varying thickness, the printing head attaches the binder according to the specification. Before continuing onto the subsequent layer, the solvent containing the binder is desiccated using fluorescent or electric lamps. After that, the powder bed is de-escalated and a new sheet of powder is applied. The binder is then placed in a furnace after the completion of the cycle.
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3. Applications of 3D printing
Each of the processes discussed so far is of utmost use to achieve the manufacturing of products in the least possible time with minimum wastage. Also, the processes aid in forming complex structures with supreme quality at enormous ease. Industries are being modernized and revolutionized with the help of 3D printing. The mode of manufacturing is gradually shifting from traditional to non-conventional processes (3D printing). It requires intensive knowledge of materials and their respective properties.
With the current knowledge of materials and processes, some modifications have been done in the traditional techniques using 3D printing.




[image: Screenshot 2024-06-06 021046.png]






[image: Screenshot 2024-06-06 024657.png]




3.1. Challenge to Transportation
3D printing will offer numerous opportunities to provide new approaches and solutions to existing transportation issues, while also providing efficient ways to work and develop projects. At the same time, the technology is likely to pose many challenges to the way transportation agencies plan and conduct their business. For example, timeframes for decision-making and planning horizons will shrink.

Transport patterns are likely to shift and the 20 to 30 year transportations plans could be substantially obsolete quickly. Additionally, the shifts in transportation logistics could seriously affect the need for and the financing of major port and intermodal capital projects dependent on increasing overseas supply chain goods and traffic. These circumstances will require transportation decision makers to be agile and decisive.





4. Materials Used In 3D Printing
The materials used in 3D printing should have certain specifcations to be compatible with the technology. Research shows that the most common materials used in 3D printing are: cementitious materials, polymer materials, and metallic materials [14, 52]. Fused deposition modeling (FDM) or fused flament fabrication (FFF) focus on printing objects through melting of polymer [53]. Polymer materials are usually used for aesthetic purposes because of its lack of structural properties. This material will provide a low-risk option for implementing additive manufacturing technology in construction [14]. The most popular polymer base printing materials are ABS (Acrylonitrile Butadiene Styrene) and PLA (Polylactic Acid). They both are thermoplastic polymers, which means that they melt at high temperatures and go back to a solid state after cooling down [53]. PLA is considered to be more sustainable than ABS since it is biodegradable [10]. Metallic properties are also popular as a construction material; however, 3D-printed structures that consist of only metallic materials are quite heavy. Cementitious materials are the most used material in the technologies mentioned earlier, such as contour crafting and concrete printing. The concrete used in 3D printing should be a high-performance concrete. Le et al. [54] stated that a highperformance concrete has been developed that can build architectural and structural components without formworks. The World’s Advanced Saving Project (WASP) has created a 3D-printed house using earth materials. The materials used raw soil, straw, rice husk, and lime. The total cost of the materials used in the house amounted to 900 euros [53]. Quality and specifcations play a major role in determining the efectiveness of concrete. There are four properties to ensure a successful 3D-printed structure:

Pumpability, which is defned as the ease in which the material is pumped through the 3D printers pump ;
· Printability or extrudability [55], which is the ease inwhich the material is pumped out of the nozzle of the printer;
· Buildability, which is the resistance to deformation of the deposited material under load, and
· Open time, which is the period where the pumpability, printability, and buildability are at an acceptable range[14,16].

On top of these properties, other factors afect the successful printing of concrete. The printing speed afects the properties of the printed concrete and would determine whether there are weak joints between the layers. Similarly, the printing direction would afect the overall concrete properties [56]. As for the concrete mixes that would be compatible with 3D printing, Ghafar et al. [26] state that printable materials are usually a mix of bulk materials, such as soil or crushed stone, mixed with Portland cement or fly ash, and workability additives. Additionally, Lim et al [16] state that a high-performance cement-based mortar has been developed. The composition of the mortar consists of sand, reactive cementitious compounds, and water. A study performed on high-performance printing concrete showed that the optimization mix consisted of cement, fy ash, and silica fume [57]. Another study performed regarding the concrete mixes used for 3D printing concluded that the types of aggregates that were able to be printed successfully included an adequate number of river sand and combination of river sand and limestone-based concrete mixtures [58]. However, it was determined that most of limestone-based mixtures were not printable.

Moreover, the mix with the highest strength levels was obtained for the river sand and limestone mixture [58].
Another aspect of the material to take into consideration is the reinforcements. This is an important factor to ensure that the structure does not collapse. Reinforcement remains one of the challenges of 3D printing in construction. One method of reinforcement of 3D-printed structures is placing the reinforcing steel bars manually between the layers before or during printing [25]. However, this method is challenging since the steel rebar creates an obstacle for the movement of the printer head. As a solution, a hollow structure can be printed and the rebars can be installed afterward with inflled concrete to connect the steel reinforcement with the printed structure [59]. Reinforcing 3D-printed structures with steel, however, alleviates the automated luxury introduced by the technology, since a considerable amount of labor is needed [29].



The steel reinforcements also increase construction time and cost [60]. Another method of reinforcing that is more suited for 3D printing is by using fber-reinforced concrete, instead. This method would fully automate the process and ofers greater geometrical accuracy, reduced manufacturing time as well as a decrease in labor cost [25]. An ultra-high-performance fber-reinforced concrete, which is reinforced with steel fbers, has been developed. A study conducted using this type of concrete has been found to have favorable characteristics and therefore satisfes the requirements of most structural applications [61]. This type of concrete has been reinforced with steel. however, other fbers, such as glass or carbon fibers can also be used for reinforcement[25]. Current standards in the building and construction industry are not suited for the new materials and technology as per the specifications.
With the introduction of fber-reinforced concrete in the application of 3D printing in construction, certain codes and standards are needed. Current standards in the building and construction industry are not suited for the new materials and technology [25]. Guidelines should be developed for the steel reinforcements in regard to the bonding between the rebars and the printed structure. Design codes should also be developed for the fber-reinforced concrete, in particular, the mix ratio to ensure that the structure.





5. BENEFITS OF 3D PRINTING IN CONSTRUCTION

3D Printing in construction is a new technology being implemented, therefore there are still uncertainties in its application. However, it is a promising new technology and has many potential benefts. The benefts may be categorized into two groups: constructability and sustainability. Figure 10 shows the groups and their corresponding benefits, whereas on the other hand Table 1 shows the main benefts along with their sources.


5.1 CONSTRUCTIONALITY BENEFITS


5.1.1. Faster Construction

Time is an important factor for any construction project. Reducing construction duration adds many benefits to clients such as starting the operations phase and generating revenues early, and reducing overhead costs and releasing resources for other projects. 3D printing provides the ability to construct faster. The speed of construction is much faster than traditional methods [3, 10, 72]. As mentioned in Sect. 2.5, a house can be printed in 24 h. This would increase the scale of construction and will aid in mass production. Many advantages are ofered by automated building construction, such as superior construction speed and higher degree of customization [13]. Construction time can be greatly reduced using 3D printing technologies. For example, the printing time for a structural wall was reduced to 65 h from 100 h by 3D printing.

5.1.2. Lower Cost

3D printing reduces the cost of construction [17, 71, 72]. The cost of construction elements is reduced as well as the cost of transporting materials and storing them [3, 10]. Since the machine only requires one operator, the cost of labor is decreased. In the case of the 3D-printed office in Dubai, the laborers involved were seven workers to install building components, ten electricians, and specialists to handle the MEP and one worker monitored the printer. The labor cost of this office was 60% lower than traditional buildings of the same size [69]. Less labor-intensive operations in multiple segments of the Building and Construction industry was also noticed [48]. In addition to reduction in labor cost, 3D printing results in reducing the formwork installation and removal costs. Supervision cost will also be reduced as the number of site engineers, among others, will be reduced. Additionally, faster construction will reduce the indirect cost.


5.1.3. More Geometric Freedom

The technology allows for more geometrical and design freedom than traditional methods [17, 72]. Designing and constructing structures that would not be possible by other means is one of the advantages that spur interest in the technology [75]. The 3D-printed house in Denmark by 3D Printhuset mentioned earlier was built without straight lines, except for the doors and windows, to show the extent of the geometrical freedom. It is very easy to print the high-cost curved buildings that are hard to build in other ways. Thus, architects may have an open mind and make breakthroughs in the design process. Meanwhile, this helps realize the integration of architecture and arts [52]. The 3D printing process enables developers to design structures that are difcult to produce using the current manual construction practice [17, 76].



5.1.4. Shorter Supply Chain

3D printing allows shrinking the supply chain. By printing objects on demand, 3D printing eliminates lead time of materials that need expedited delivery [14]. This process hence increases productivity that would have been decreased by late deliverables [14]. Using raw earth materials also eliminates lead time of materials hence shortening the supply chain. AM of construction materials has been one of the emerging advanced technologies that aim to minimize the supply chain in the construction industry through autonomous production of building components directly from digital models without human intervention and complicated formworks [26].


5.1.5. Improve productivity

Construction automation has shown the potential to increase construction productivity [77]. AM is seen as a way of addressing construction productivity challenges [14]. The construction sector is under increasing pressure to improve its efciency and efectiveness, reducing environmental impacts, material use, and costs [43].


5.2. Sustainability Benefts


5.2.1. Sustainable and eco-friendly structures

Implementing 3D printing in the construction industry will be sustainable and economically friendly [10, 72]. One of the reasons that it is eco-friendlier than traditional methods. is the reduction of waste. Moreover, the concrete mix used in the 3D-printed house in Denmark contained recycled materials such as tiles and the walls were insulated with recycled cellulose fber [71]. Moreover, the potential of using low impact materials such as raw earth materials and geopolymers adds to the sustainability of the structures. Perrot et al. [80] assessed the possibility of printing structures using earth materials. The carbon emission of geopolymers production is 80% less than Portland cement production [82]. CyBe [72] also claims that with 3D printing, the CO2 emissions are reduced. This results in a signifcant decrease in the energy consumption in construction and an improvement in the production efciency [52].

5.2.2 Less waste

The 3D printing technology reduces the amount of waste produced during construction [17]. Since the technology is a type additive manufacturing, the materials used are ftted to the output produced and therefore produce virtually zero waste [75]. Furthermore, 3D printing uses raw materials like sand that can be recycled and re-used [26]. It is estimated that 3D printing saves 30–60% of construction waste [28]. Wet construction processes are minimized, so that building erection process generate less material wastes and dust compared to traditional methods [10]. It provides a resourceefcient construction sector with lightweight structural components, which will help in reducing waste generation, emissions and global resource consumption [43, 83]. As only the required amount of materials will be needed, the printing process will eliminate unnecessary waste of materials, thus reducing the environmental impacts of the production/construction process [17].

5.2.3 Reduced formwork

Camacho et al. [14] also mentioned reduction in formwork as another beneft of AM. This process, which is needed in traditional construction, is eliminated, and hence the wastes that would have resulted from those formworks are disregarded. With AM construction, the structure is directly molded and formed on-site, without the need of wooden forms that regular concrete requires [50]. Reducing the use of formwork has an environmental impact as it reduces the amount of wood and therefore trees’ use [14].

5.2.4.Safer sites

Safety is a major concern in the construction industry because fatalities and injuries from construction work bring great losses to individuals, organizations, and societies as a whole [84]. 3D printing reduces the number of injuries and fatalities onsite as the printers will be able to do most of the hazardous and

dangerous works [10]. This beneft is because 3D printing allows for automation of the construction process. AM could provide services to the construction industry by reducing exposure of on-site workers to harsh environments and by automating some of the construction tasks [14].




6. Challenges of 3D printing in construction

The previous section discussed the several benefts of 3D printing in construction. As with any disruptive technology, 3D printing has several disadvantages. Social disadvantages include the negative efect on the existing construction workforce. 3D printing will reduce the need for large numbers of construction workers. Although this is considered a beneft as it reduces labor cost, it is also a disadvantage to those workers whose jobs will be at risk. That may create social problems in some communities that rely on construction activities. The quality of the fnal product also may be considered a disadvantage. The surface quality could be rough due to the printing process. At the current state of technology, 3D-printed buildings might not live up to the expectations of end users due to its design and material limitations. The size of the design is strictly constrained by the chamber volume of the 3D printer. Currently, 3D printing is not suitable for larger-scale projects. There are also geometrical limitations where the printer is restricted by specifc possibilities. Another disadvantage is the cost, and currently, it is expensive to construct using 3D printing. The initial equipment cost may be prohibitive. The transportation cost of the printer is both challenging and expensive. One of the disadvantages is the material being used. The concrete should be workable to pass through the nozzle of the robot, this would require a specifc type of concrete which might have lower quality and high costs. The limited availability of suitable material is considered a disadvantage. The disadvantages of requiring special material to be used in 3D printing are discussed further in the material- related challenges section. Implementing and advancing the use of 3D printing in the construction industry is still in its infancy stage and faces a number of challenges.


6.1Material-related challenges

This group includes the challenges that are related to the construction material such as printability, buildability and open time. The desired concrete for 3D printing requires certain specifcations that are diferent from traditional construction; therefore, new materials have to be used in construction, because of the new technology requirements [10].


6.2. Printability

Printability refers to the ability of the material to be pumped and printed. Lim et al. [16] defned pumpability as the ease and reliability with which material is moved through the delivery system, and printability as the ease and reliability of depositing material through a deposition device. The material has to have the right consistency to be able to be pumped out of the nozzle of the 3D printer [17]. If the material is too hard, pumping it through the pipe to reach the nozzle would be hard and energy-consuming, and if the material is too soft, the precision for placing the material would not be accurate and would collapse easily. The workability and the mix proportion of concrete plays a major role in the pumpability and printability of concrete [27]. To be considered good quality, the material must have the desired printability, to be able to

be extruded from the nozzle, and buildability, to be able to maintain its shape [17, 57, 58].
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6.3. Buildability

Lim et al. [16] defned buildability as the resistance of deposited wet material to deformation under load. The material should be quick hardening to be used in 3D printing [17]. Indeed, if the material needs an extended time to harden, it would collapse and would not hold its shape. 3D printing also has high requirements for construction materials. Due to the high speed of 3D printing, the materials have to solidify very quickly. Traditional construction materials fail to meet this need, and a special R&D job is required [52]. In addition, the concrete should bond together to form each layer and have sufcient level of

buildability to enable it to lie down correctly, remain in position, and be stif enough to support further layers without collapsing [17, 57]. Hence, the concrete has to support itself as it cures [85]. Because the material is extruded in a wet state, the build-up of layers must be in a manner such that they are self-supporting in order to avoid collapse, imposing somewhat of a restriction on possibilities for realizing some geometries [86].

6.4. Open time

Lim et al. [16] defned open time as the period where the printability and buildability are consistent within acceptable tolerances. Extrusion works particularly well when it is performed continuously, but problems such as overprinting (too much material deposited) arise when the material fow is interrupted and under- printing (a pause in deposition that does not coincide with nozzle movement) when restarting [16].



7. 3D-printer-related challenges 7.1.Scalability
Scalability is a problem common to most existing 3D printing processes, where the size of the design is
strictly constrained by the chamber volume of the 3D printer. This issue is more pronounced in the building and construction industry, where it is impractical to have printers that are larger than actual buildings [48]. 3D printing also faces a challenge since the technology is not ready for large-scale projects. Another issue is that automated construction is not suitable for large scale products [87]. Most existing 3D printing systems for building and construction are based on a gantry, which can only print structures whose sizes are at most as large as that of the gantry itself. Some arm-based systems have been demonstrated; however, the reach of the robotic arm limits the sizes of the printed structures [48]. Cablebased robots are proposed as an alternative to Gantry robots [39]. These robots are easier to install and less costly than Gantry robots; however, their control is relatively complex.

7.2. Directional dependency

Directional dependency is believed to be an attribute of layered manufacturing process, hence 3D printing [88]. The printing direction has a major infuence on the load-bearing capacity and strength properties of the material [89]. Most 3D-printed geometries require a flament to be linear deposited. Filament has a direction, and therefore creates the issue of directional dependency [29]. Compared to traditional construction that uses cast iron, the printed specimen has mixed isotropic and anisotropic properties in diferent directions, whereas cast specimens have isotropic properties in all directions.

7.3. Geometrical limitations

Although 3D printing provides geometrical freedom, it also has its limitations. 3D printing seems to imply that a CAD fle can be produced independent of process planning; however, this is not true for 3D concrete printing. The method of printing is limited by specifc geometrical possibilities [29]. One example of a geometry not achieved with 3D printing that can be achieved by traditional methods is straight edge corners. Moreover, the obtained dimensions have some errors compared to the ideal ones set in the CAD model. These errors can have several sources, where the accuracy of the robot system is the main one.

7.4. Risks of 3D printing in construction projects

Although the use of the new technology may reduce some construction risks due to the reduction of the number of construction workers, it may bring additional risks. As discussed in Sect. 4, there are several challenges related to the use of 3D printing. These challenges can create risks for the construction projects. The risks may be categorized into seven groups: 3D printing material, 3D printing equipment, construction site and environment, management, stakeholders, regulatory and economic, and cyber security risks. shows the main risks along with their sources.








8. Discussion and conclusions

Current literature on 3D printing and transport studies does not provide a systematic model of the impact of 3D printing on transport and related (policy relevant) areas such as traffic safety, location decisions, accessibility, environmental effects, infrastructure needs, welfare, income, employment, consumption patterns and satisfaction (Frazier, Citation2014).
3D printing is likely to be a game changer for transportation and the agencies that support it. We are at the cusp of 3D printings’ global implementation. The technology will affect all aspects of transportation be it planning and management, maintenance and operations, capital development and finance, or human resources and legal. Transportation systems will be changed, many seriously. Understanding the technology and its impact on our transportation now is critical to making near term and future business and capital decisions. 3D printing can issue in creativity. the main conclusions are as follows:
· 3D printing has the potential to revolutionize the construction industry. 3D printing, along with advances in Industry 4.0, has a high potential to lead to a more efficient and sustainable construction.
· Despite the major advances in 3D printing technology, as reported in the literature, the application of 3D printing in construction is still in the infancy stage. There is a long way for it to reach its potential and warrant a widespread implementation. Research is still underway in several areas especially in the robotic and material aspects.
· The main challenge is adapting the robotic system to large scale construction projects such as villas and high-rise building. Normally, the robotic system is tailored to small and confned workspace. In construction, the robotic system needs to be adapted to a larger and more open workspace.
· 3D printing requires specifc material properties. Most reviewed research focused on meeting the constraints of the 3D printer. However, more research is needed to meet the design and strength constraints in addition to the 3D printer constraints.
· The limitations of the 3D printer technology, the quality of the fnal product, and the complexity of the construction process are the main reasons for the low adoption rate of 3D printing in construction.

3D printing will defnitely be part of the future of the construction industry. However, several challenges still need to be addressed before 3D printing can become a viable solution
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Table 1

Comparison of benefits and limitations of different processes in 3D printing.

S.No.  Process Advantages Disadvantages
1 Stereolithography High surface finish. Less surface area is exposed to Laser (about 0.15mm) which makes it
Complicated parts can be easily manufactured. aslow process.
High accuracy. High initial investment cost
High thermal durability. Overhanging parts are difficult to manufacture.
3D printed parts made by this process can serve as patterns for casting.  The photosensitive resin is difficult to handle.
2 Fused Deposition High surface finish. A slow process, although the time taken depends on the part to be
Modelling Less initial investment cost. manufactured.
Complex shapes can be easily made. Quality is not as good as SL or SLS.
No scrap generation.
High flexibility
3 Powder Bed Fusion  Low cost. Post-processing is required.
No external support s required. Weak structural properties of materials formed by this process.
Wide material choice. Time-consuming process.
Powder recycling.
4 Selective Laser Complex parts which cannot be manufactured by the above two. The high cost of manufacturing
Sintering processes can be manufactured easily using SLS. Requires post-processing
Does not require any external support. Large surfaces, tiny holes are difficult to manufacture accurately.
Suitable for mass production.
Good accuracy and precision.
5 Binder Jetting High resolution. Limited materials are available.
High surface finish. Low part strength.
No need for post-processing. The substrate is required for printing.
Printing can be done over a large area.
Multiple printings at one time.
6 Direct Energy Denser parts creation is possible. Time-consuming process.
Deposition Allows directional solidification which enhances features. Poor resolution and surface finish.
Utilized effectively for repairing and refurbishing components. Limited material is available.
7 Laminated Object External support is not required. Post-processing is required

Manufacturing

Inexpensive.
Quick process.
Suitable for large parts.

Poor dimensional accuracy.
Poor surface finish
Complex parts are difficult to manufacture.
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Table 2

Materials, properties and applications in SL method.

Materials  Properties Applications/ Industries

DC100  Lesser shrinkage with higher Used for the casting of patterns
accuracy. for pieces of jewelry.

DC500  Like wax in nature and can easily  For the making of precise and
burn out. thinner wire patterns of jewellery

which can't be easily copied using
methods for molding rubber.

DL350 Highly flexible and resistant to Used to produce parts for
fatigue and chemicals etc. Similar  industrial as well as general
to polypropylene. purposes.

DL 360 Strong and transparent in nature.  Produces parts for general
purposes and industrial uses
which require transparent
properties.

ABOO01  Provides good strength and Used for producing parts that are
stiffness and electrical strong and smooth in nature.
characteristics.

GMO08  Highly flexible, strong and Produces parts that don’t require
elastic, along with transparency  further finishing operations.
comprises its nature.

DM210  Great surface qualities and Used for jewellery patterns that

including ceramic-type
properties.

require liquid silicone that can be
extracted quite easily from
rubber.
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Figure 2. Preliminary conceptual model for the impact of 3D printing on accessibility, the environment
and safety.
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12 Challengs

©of 3D printing in construction

S-mo. Description Source
Material

1 Printabiliy 110, 15-17, 27,28, 48,49, 52, 57,67, 87)
2 Buildabilty 116,17,26-28, 52, 57,58, 67, 85,86, 911
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Software related

7 Cybersecurity 128,90, 1111
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Architecture and design
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