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Abstract 
In the shade of population growth and the need for affordable housing in Sydney, the current 

paper evaluates the status quo of construction additive manufacturing as a means of utilizing 

automation in construction. Since population growth is one of the major challenges facing 

almost all of the growing economies across the globe the discussions provided in this article 

can be extended to other countries as well. The barriers against the successful adoption of 

innovative technologies in construction had been discussed and solutions provided. 

Technological aspect of additive manufacturing including the material properties and the 

mechanism of printing machines are amongst the key factors that affect the quality of the final 

product. Seeking to have a prediction about the future of additive manufacturing in 

construction, data obtained from the Australian Research Council (ARC) on the level of 

government investment had been analysed.   
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Introduction 

The modern construction industry is under a dramatic technological shift as the shortage of 

skilled labour and safety controls are being more emphasised in the last decade or so. This 

brings attention to automation and use of robotic techniques in construction. From the 

benefits of utilizing automation in construction are higher and faster supply of housing, 

decrease in housing prices as a result, a better allowance for more complex architectural 

designs, and a higher resource efficiency by reducing the amount of wastage.  

Based on the data provided by the NSW state government, during the 10 year period of 2007 

and 2017, shown in table 1, the state had recorded a population growth rate of 15% for 

1,026,912 more people [1]. The records interpret the necessity of housing construction in an 

affordable manner. Simply saying, the housing section needs to matchup its building speed to 

the population growth rate or even more in order to meet the demand. Traditional 

construction methods however, lack in speed as a typical granny flat takes up to 6-12 months 

to build with conventional masonry block techniques. It requires a huge labour intensity and 

its compromising safety concerns. Off-site prefabrication methods in the past decades had 

attracted a lot of attentions amongst the construction companies. From the benefits of this 

construction method is a relatively faster project completion rate and higher safety.  Despite 

all of the advantages of off-site prefabrication compared to conventional masonry block 

building method, such technique still lacks in satisfying the aesthetic architectural values. Most 

of the prefabricated segments are made in prismatic shapes with sharp edges due to the limits 

exist with the formworking. Cities throughout the history had always tried to carry on their 

own unique urban texture which are mostly tied with the culture and art amongst the local 

architects. Nevertheless, curvatures, arcs and other complex architectural designs are, indeed, 

those elements that a city need in order to showcase its uniqueness. Getting back to the 

binding between architecture and construction technology in the modern context, the need 

for faster technique which satisfies the architectural demands emerges. 

There are quite a few innovative construction-related technologies proposed in the last years 

amongst them are remote-controlled trucks, excavators and drones. However, construction 

industry had shown a low range acceptance to innovative changes mainly because of the 

project size and the safety issues that arises from adopting a new technique with a high level 

of uncertainty [2].  Nevertheless, automation and the adoption of robotic techniques in 

construction is not debateable as it enhances the productivity level, helps in achieving higher 

safety measures, faster project completion (which is a huge advancement in the modern 

construction management). Additive Manufacturing as one of the most promising techniques 

had opened an insight as a viable construction technology for extraterritorial construction 

projects as well [3-6]. 
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Table 1 Trends in NSW state population since 2007: an indication of need for a more viable and faster 
construction technology 

Region 
Population 
(2007) 

Population 
(2017) 

Decade growth 
(no) 

Decade growth 
(%) 

Sydney (East/Inner) 932,175 1,137,185 205,010 22.0 

Sydney (West) 1,859,395 2,246,241 386,846 20.8 

Sydney (North) 816,179 943,149 126,970 15.6 

Sydney (South) 447,174 506,805 59,631 13.3 

Newcastle 548,387 614,729 66,342 12.1 

Illawarra 294,253 328,143 33,890 11.5 

Central Coast 278,133 306,357 28,224 10.1 

North Coast 556,699 603,360 46,661 8.4 

Country 1,101,761 1,175,099 73,338 6.4 

NSW Total 6,834,156 7,861,068 1,026,912 15.0 

 

 

 

Additive Manufacturing in Construction 
Additive manufacturing as the emerging technology in construction is gaining attraction in the 

industry. Generally, it is a technique in which the raw materials (feedstock) are being deposited 

on a foundation in layers through a nozzle. Since a nozzle is attached to a robotic arm, it is 

programmed for a free movement in three dimensions allowing the deposition to form 

complex designs. Aggregate-based materials, metals and polymers are all amongst to suitable 

materials in additive manufacturing. In this study we’ll be only discussing the properties of 

additive manufacturing in relation to aggregate-based material extrusion.  

In regards to the AM processes involved in modelling aggregate-based materials, concrete 

deposition is one of the most popular approaches. The printing process involves three major 

steps: data preparation, material preparation, and component printing. In data preparation 

stage, after a 3D model was designed by CAD an STL file is exported for printing process. There 

are other compatible formats as well depending on the printing machine input. Concrete 

preparation is as usual but with the specified mix design compatible with the printing machine. 

Printing machine, then, utilizes the robotic features backed by the computer programs for 

deposition of the layers[7]. However, due to the low tensile strength of concrete the additive 

manufacturing of concrete faces a huge challenge for reinforcement considerations. 

Addressing the tensile performance of 3d printed concrete, several reinforcement techniques 

had been adjusted in AM listed below: 
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 External reinforcement [8-10] 

 Internal reinforcement installed within 3D-printed formwork [11, 12] 

 Internal reinforcement encased by printed concrete [13, 14] 

 Internal reinforcement installed during printing [15, 16] 

 Additively manufactured reinforcement [17, 18] 

The design of concrete mix for this purpose must be in such a way to ensure pumpability. 

Segregation is seen as a serious defect in concrete additive manufacturing as it blocks the hose. 

To this end, material and process related properties must be controlled as the mix portion, 

path, and the speed of deposition nozzle largely affects the final quality. One of the interesting 

areas of study here is identified such that evaluates the correlation of these three factors. 

Other research studies show the same compressive performance of additive manufactured 

concrete compared to the conventional casted concrete[19].  In terms of mechanical 

performance of 3d printed concrete samples, the majority of literatures agree on the similar 

compressive strength to the conventional concrete casts. Although it is noteworthy to mention 

that the loading pattern significantly affect the compressive records i.e. loading in the direction 

of layers’ alignment has different effect than loadings in the perpendicular direction. Since 

printed samples are made in layers, the bonding between layers plays an important role. 

Factors affecting the strength of the inter-layer bonds are material viscosity, printing time gap 

between the layers, contact area between the layers, concrete setting time, etc. [20]. Although 

the current conventional mix portions applied for concrete 3D printing, there are other even 

environmental methods to modify the compressive strength and rheological properties of 

concrete used [21-23].   

Fused Deposition Modelling (FDM) as the latest technology in additive manufacturing field 

tackles the problems encountered with the conventional AM technologies such as porosity and 

binding defects between the layers. After the CAD design a printable file will be used to create 

a layer design which is printed afterward. Although more expensive than conventional injection 

moulding, the properties of products made by this technique had shown a better quality for 

construction practices. The feedstock is pushed through a heated nozzle which allows a 

homogenous and consistent outlet material. It is noteworthy to be mentioned that depending 

on the material, different challenges occur in the production process and the produced parts 

show different mechanical properties.  

The concrete printing machine as the main tool in utilizing such automation approach in 

construction carries an important role. It consists of several components depending on the 

functionality and the environment in which they are used. A typical extruder is shown 

schematically in figure 1. The rate of auger’s rotation and the accuracy of the robotic arm are 

amongst the important factors affecting the quality of the final product.  
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Figure 1 Schematic view of concrete extruder [24]. 

 

In order to understand the status quo of additive manufacturing in construction, an extensive 

literature review had been conducted outlining the countries and activities that were bold in 

the additive manufacturing field. The summary of the review is shown in table 2.  

Table 2 Construction additive manufacturing position in the global scale 

Institution / Company name Country Description of activity 

Loughborough University England Prototype: Deposition of fine filaments less than 1 
cm in diameter 

University of Southern California US Prototype: Deposition of medium-fine filaments with 
several cm of diameter 

Eindhoven University of 
Technology 

Netherlands Prototype: Deposition of medium-fine filaments with 
several cm of diameter 

Technical University of Dresden  Germany Prototype: Deposition of medium-fine filaments with 
several dm of diameter 

XtreeE France Large scale commercial concrete 3d printing 

WinSun Shanghai, 
China 

Large scale commercial concrete 3d printing 

BetAbram Slovenia Large scale commercial concrete 3d printing 

CyBe Netherlands Large scale commercial concrete 3d printing 

WASP Italy Large scale commercial concrete 3d printing 

ETH Zurich Switzerland Prototype: Pre-stressed 3d printed concrete ceiling 

FreeFab Australia Mid-scale commercial concrete 3d printing 
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As a matter of the fact, any successful and widely accepted construction approach requires a 

series of standards and specifications. This not only ensures ease of quality assessment for 

relevant authorities, but also facilitates the construction operations as the builders are able to 

comply with a unified code. From the table 2 it can be understood that Europe had made huge 

steps towards embracing such technology in a large industrial scale. From an overview on the 

literature it had been revealed that the only comprehensive series of standards addressing the 

utilization of Additive Manufacturing technology is the ISO/ASTM 529000. Australia on the 

other side seem to have a long journey towards a large scale commercialization of Additive 

Manufacturing in construction. 

 

Australian research and development projects 

An explanation to why Additive Manufacturing had not gained much utilization as fast as other 

emerging technologies in other industry sections lays on the historical trends in construction 

in regards to embracing new innovative technologies. Mary Hardie had investigated the 

barriers against such innovative developments in construction in general and also with a 

precise focus on Small and Medium Entities.    

Construction is known to be as one of the most unfavourable industries in embracing new 

innovations. This is explained mainly by the project-based nature of operations and also 

temporary couplings as the most frequent type of partnerships in construction. Another 

contributing factor is also identified as to be the lack of surplus capital and time to invest in the 

promising innovative approaches. Due to the intrinsically high risk associated with the 

construction projects the practitioners tend to resist change[25-29]. However, this is in fact a 

disruptive tendency since the socioeconomical variables in the built environment are always 

changing throughout the years; taking the population growth presented in table 1 as only one 

of the examples. Small and medium sized enterprises are even in a greater danger in terms of 

solvency issues as their available resources are relatively much more limited than large 

construction firms. It is noteworthy to be mentioned that small businesses are defined as 

entities consist of less than 20 employees, according to the Australian Bureau of Statistics’, and 

medium sized businesses are defined as those with 20-200 employees. Conducting systematic 

research on the other side as a means of developing concepts to a further extend with the aim 

of commercialization is the most rational way of elaborating a new idea. 

Any commercialized project that had gone viral in the history was once started as a research 

project developing prototypes in the small scale. Based on this fact, the number of funded R&D 

projects is an accurate measure to predict the future success of a technology in a country. The 

Australian position in embracing construction oriented Additive Manufacturing requires a 

precise attention as there are huge government investments in the urban and infrastructure 

development plans across the country. Also, shortage of skilled workers in the country derives 

the need for utilizing more automation in Australia. The methodological path undertaken to 

outline the R&D expenditure on projects related to additive manufacturing is a viable measure 

to predict and plan the future of automated construction practice in Australia. One of the 

reliable resources for data collection in that regards is the data provided by the Australian 
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Research Council (ARC). In this study data were collected from the ARC Grant’s Dataset for the 

period of 2002-2018.  

 

Figure 2 Above: number of ARC  funded projects with priority given to Advanced Manufacturing topics; Below: 
The value of funded projects in the field of Advanced Manufacturing 

 

Above diagrams indicate that the priority had not been given to research topics related to 

advanced manufacturing earlier than 2015. The value of the projects had also dropped 

dramatically in 2018 compared to 2017 by 68%. 
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Figure 3 Above: Number of ARC funded projects in the area of construction as a whole classified in 
subcategories; Below: The value of funded projects. 

From the above figure 2 it can be interpreted that the gap between funded projects with topics 

related to Civil engineering, Materials engineering, and Manufacturing engineering is in 

convergence.  
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Conclusion 
The population growth in Sydney and the need for affordable housing options for the 

generations to come indicates the need for a faster and more accurate construction technique 

which utilizes the principles of robotics. Although off-site prefabrication had made a great 

breakthrough in the last couple of decades or so, but Additive Manufacturing had shown even 

a better promising results. The results of data mining from the ARC database shows that the 

gap between construction related research topics and topics related to advanced 

manufacturing is narrowing as a positive sign towards the commercialization of construction 

additive manufacturing.  
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