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Abstract
In the 21st century a wide range of new construction methods and materials are introduced,
however, with these new techniques, the boundaries in architecture and construction did not
change significantly due to deficiency in knowledge. The introduction of a new construction
method or a new material should result in a new way of building, similar to the difference in
designing with concrete or steel, the technique should have its design language based on the
knowledge about the technique. One of the new developments in construction and architecture is
3D Printing with a concrete like material. This technique can create the opportunity for
personalization of large-scale residential housing for the lower and middle class of the Finnish
population since it removes the restrictions on shape, that are present in the traditional way of
building. By optimizing the printing process, there is space for personalization of the building. The
technology also has shown potential in a wide range of disciplines, varying form medical world to
the food industry and from aerospace engineering to household uses. Compared to all the
industries, the building industry is still behind in the development of 3D printing. The influence of
3D printing in building industry must not be underestimated as it can reduce various determining
factors such as the construction, material costs and the time span of the whole project. By studying
new printable materials and optimizing shapes including the typical properties of 3D printed
concrete, the potential of this promising technique can be realized in practice. This thesis focuses
on the background of this new technique, potential applications and future of 3D Concrete
Printing.
Keywords Additive manufacturing, 3D Concrete Printing (3DCP), Contour Crafting, Computer
Aided Designing (CAD), Computer Numerical Control (CNC)
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1. Introduction
1.1. Background
In the early days of production of objects, there were several techniques used to create
objects such as subtractive manufacturing, forming and casting of specimens. Later the
process of making objects turned into mass manufacturing of objects and the techniques were
adopted by various industries depending on the materials that were used and the end product.
Additive manufacturing is the new method of creating products from materials such as plastic,
sand, and other powdered materials. The process of Additive manufacturing has been used
since the mid-1960s and there has been various improvements in terms of materials used in the
process of additive manufacturing. Additive manufacturing that is commonly known as 3D
printing nowadays has been very efficient in cost of manufacturing and reduction of waste in
the process of manufacturing. In the following chapters, the methods of 3D printing and their
feasibility in using concrete as a material in the process of making 3D printed concrete
products are analyzed.
3D printing has been one of the fastest growing technologies in the world presently. The
concept of 3D printing has evolved since the 1980s but not many researches has been focused
on the concrete 3D printing technologies. Concrete is the most widely used construction
material. The applications of concrete has been the very center of building civilizations from
the Roman Colosseum to the present day engineering marvels such as Hoover dam, Burj
Khalifa etc., Concrete is used in numerous ways depending on different strength and exposure
classes. It is used in building roads, buildings, highways, dams, retaining walls, bridges and
other all types of civil construction works. It is one of the most versatile construction materials
that can be produced easily and commercially available. The advantages of using concrete as
construction material are durability and it can withstand any natural disasters such as rain,
snow and wind and provide shelter to live in.
Dr. Behrokh Khoshnevis, a researcher from the University of Southern California developed a
system called Contour Crafting (CC) in the mid-2000s that paved the way for the present
day’s 3D Concrete Printing (3DCP). This Contour crafting has been adopted widely by
various researching institutes to produce massive 3D printed structures. The use of CC in the
building Industry can reduce the amount of physical labor used for projects and reduce
construction wastes as well. The efficiency of 3D printing concrete is described in the sections
later in this thesis.

1.2. Research Aims
The main aim of this thesis is to evaluate the feasibility of concrete for 3D printing and
emphasis the impact of this new technology for future prospects. The lack of research on the
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3D printing aspect of concrete has led me to study the behavior of concrete in this area. The
research project aims to encourage the use of concrete in 3D printing thereby reducing costs of
construction and increase the rate of productivity in the construction Industry.

1.3. Scope of the research project
This work gives a detailed literature review about the development of 3D printable
concrete structures and the methods that were used to develop the 3D printing concrete
industry for the present day demands. This detailed literature review gives an insight to the
limitations of the different types of 3D printing technologies and the materials that are used in
these technologies. The literature review plays a vital role in understanding the concept
involved in 3D printing concrete.

1.4. Thesis Structure
This thesis consists of the following parts as described below:
1. Introduction
This section gives a brief introduction about the background of additive manufacturing and
3D printing concrete, and research aims, scope and contribution to the project.
2. Manufacturing technologies
This section gives a detailed view on previous research on mass manufacturing, the
techniques which were used to produce objects and the evolution of 3D printing of concrete.
3. Types of 3D printing technologies
This section investigates the types of 3D printing technologies based on the material used
for printing and the origin of 3D printing.
4. Development of concrete 3D printing
This chapter describes the techniques involved and the versatility in using concrete as a
construction material for 3D printing. The types of equipment that are currently available in
the market and a comparison of traditional construction process to the 3D Concrete Printing
process is taken into account.
5. Challenges in 3D printing concrete
This section investigates the requirements of quality of raw materials in concrete to
achieve a good mixture. It describes the various factors that affect the feasibility of using
concrete as a 3D printing material and the environmental needs that should be taken into
consideration.
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6. 3D Concrete Printing projects around the globe
This section overlooks the various research institutes and concrete experts’ involvement in
3D printing concrete. The raw materials used in the projects are almost similar but the
techniques and production processes are different when compared to each other.
7. Potential applications of 3D Concrete Printing
This chapter briefly analyses the potential applications of how 3D printing of concrete can
be used in the future. It describes why 3D printing should be adopted in the construction
process and the benefits in ways of saving capital and time for projects.
8. Future development of 3D Concrete Printing technology
This chapter briefly describes the possibilities of advancement in 3D printing concrete and
automation technologies in the future.
9. Conclusions and recommendations
This chapter concludes the findings and analyses of development of concrete 3D printing in
the present and future.
10. Bibliography
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2. Manufacturing technologies
This section describes briefly about evolution of technologies that had led to the
development of 3D printing of concrete. In the early days of human settlement on earth, it was
necessary to survive using common techniques in making objects such as weapons for
hunting, tools for cooking, Industrial and commercial equipment. The same process of
creating objects has grown to a much extensive process through the industrial age called
manufacturing. Nowadays almost every object is manufactured by materials like metal, wood,
chemicals, plastic, stainless steel etc. The manufacturing processes of object creation are
mainly four types known as
 Subtractive
 Forming
 Casting and
 Additive manufacturing.
The use of these manufacturing processes are to create an object using the various
techniques available in these processes. The process of designing and creating objects from
raw materials has been practiced for centuries. Various researchers and research institutes
have developed the processes of object making in different forms such as subtracting material
from a bigger mass, forming objects using stresses, casting specimens using molds and
additive manufacturing of objects. The various techniques that are employed in making
objects are described shortly in the sections below.

2.1. Subtractive manufacturing

Subtractive manufacturing is a process that removes material from a larger piece of
material through standard machining processes such as milling, turning, lathing, chipping or
dripping until the prototype part is created. Some examples of subtractive manufacturing are
spare parts for automobiles created using lathing, chipping of wood from a huge log to obtain
desired shapes for commercial use etc.

Picture 1a & 1b: Subtractive process

4

2.2. Forming
Forming process is a method of manufacturing an object by making use of suitable
stresses like compression, tension, shear or combined stresses to cause plastic deformation of
the materials to produce required shapes. In this process, no material is removed from the raw
material, instead they are deformed and displaced. (Tyne, 2002)

Picture 2: Forming process

2.3. Casting
Casting is a manufacturing process in which a liquid material is poured into a mould,
which contains a hollow cavity of the desired shape, and then allowed to solidify. The
solidified part is also known as casting, which is ejected or broken out of the mould to
complete the process.(Concrete casting | Modelling Techniques, 1993)

Picture 3a & 3b: Casting process
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Some processes of creating an object involves a mixture of two or more techniques. For
example: Casting a specimen in mold will not always yield the desired shapes. So grinding,
which is a form of subtractive process, is used to obtain the desired geometrics of the
specimen. Another example is a mixture of subtractive and forming techniques. When an
object is created by forming, it is necessary that the extra material be subtracted from the
specimen to obtain a neat finish.

2.4. Additive Manufacturing
Additive Manufacturing (AM) is a process in which three-dimensional objects are
made by adding layer-by-layer of material. The material used can be plastic, metal, concrete
etc. The commonly used AM technologies includes the use of a computer, 3D modelling
software (Computer Aided Design or CAD), machine equipment and layering material.
(Chang, 2016)

Picture 4a & 4b: Additive manufacturing process

Once a CAD sketch is produced, the file is then transferred to the AM equipment and the
machine reads the data from the CAD file and starts to lay down the material in layers on top
each other forming the object in three dimension. The material used to create this objects can
be powder, liquid or sheet metal. (Chang, 2016)
The term Additive Manufacturing includes several technologies that can produce similar
objects rapidly such as Rapid Prototyping (RP), Direct Digital Manufacturing (DDM),
Layered Manufacturing (LM) and 3D printing.
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2.5. Types of Additive Manufacturing

Picture 5: Classification of Additive manufacturing methods based on material

2.5.1. Rapid Prototyping (RP)
Rapid prototyping is a technique on producing a scale prototype of a physical part or assembly
using three-dimensional computer aided design (CAD) data. The construction of the model is
usually done using additive layer manufacturing technology. Rapid prototyping is an effective
way to create experimental models in a short period of time. It is also a less expensive method
to prototype the models. Rapid Prototyping is an additive manufacturing technology that uses
materials such as thermoplastic and other plastic materials to produce large amounts of
prototypes quickly. (Margaret Rouse, 1992)
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Picture 6: 3D prototype made from Computer Aided Drawing

2.5.2. Direct Digital Manufacturing (DDM)

Direct Digital Manufacturing is process of producing three-dimensional objects directly from
a CAD file. This type of additive manufacturing process is expected to revolutionize the world
with innovative designs that can be rapidly produced on a large scale. Some of the advantages
of this process are eliminating the time lag between design and production, Reducing the
investment in tooling and cheaper products in the market. The term Direct Digital
Manufacturing means that it produces final products rather than prototypes. The material used
to print are mainly metals that are components for various industrial equipment. (Chen et al.,
2015)

Picture 7a & 7b: Direct Digital Manufacturing process
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2.5.3. Layered Manufacturing (LM)
Layered Manufacturing is a similar process to RP and DDM. LM is a modern additive
manufacturing technique that fabricated products by laying down material in layer-by-layer
fashion. The products manufactured using LM range from medical implants to parts of an
aircraft wing. The technique can use a wide range of materials to construct complex products
rapidly and in less time.

2.5.4. 3D printing

Picture 8a & 8b: Layered manufacturing process

3D printing is an additive manufacturing process of making three dimensional solid
objects from a digital file. The material used to produce the object are different types of hard
plastic, metal, concrete, carbon fiber, food ingredients etc. The use of 3D printing has evolved
in the recent years with the technological advancement in the engineering sector. (Dana
Goldberg, 2003)

Picture 9: MakerBot Replicator+ 3D printer
Source: https://www.makerbot.com/3d-printers/replicator/

The 3D printer was invented by Chuck Hull, an American engineer in 1983. Hull
experimented for months, on his own with photopolymers, which are typically acrylic-based

9

materials that would be liquid until they are showed under ultraviolet light. The photopolymer
liquid turns solid instantly under UV light and the product turns into a solid plastic object.
Stereolithography was the method which was adopted by Hull to develop this ground breaking
technology. Hull points out that the chemistry of materials have improved in the past years for
3D printing to improve its accuracy of printing. The liquid materials used in the 3D printer
usually show shrinkage properties which changes the physical strength of the object. (Matthew
Ponsford and Nick Glass, 2015)
Hull mentions the importance of 3D printing technology in the future in various industries
such as medical and construction industries. He predicts that the total goods and services is
about $3 billion annually and he expects that the industry is growing at a rapid rate. (Matthew
Ponsford and Nick Glass, 2015)

Picture 10: The first 3D printer invented by Chuck Hull
Source: https://3dprint.com/72171/first-3d-printer-chuck-hull/
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3. Types of 3D printing technologies
Throughout the years, researchers and research institutes have employed various 3D
printing technologies. Some technologies best suit for the different weather conditions present
in different locations. A short view on the 3D printing technologies evolved is presented in the
sections below:

3.1. Stereolithography
Charles Hull, co-founder of 3D systems Inc., patented Stereolithography (SL) in 1986
as a means of Rapid Prototyping (RP). A Stereolithography apparatus (SLA) consists of four
main parts: a tank that can be filled with liquid plastic (photopolymer), a perforated platform
that is lowered into the tank, an ultraviolet (UV) laser and a computer controlling the platform
of the laser. (Elizabeth Palermo, 2004)

Picture 11a & 11b: Stereolithography process

A CAD model file is converted to Standard Tessellation Language (STL) file for the 3D
printing machines to understand the model Initial step of the SLA process starts with a thin
layer of photopolymer (usually between 0.05-0.15 mm) extruded on the perforated platform.
The platform is exposed to UV laser, which hardens the photopolymer instantly forming first
layer of the 3D-printed object. The same process is repeated by adding layer by layer on top of
each layer until the entire object has been formed and is fully submerged in the tank. The
object is rinsed with liquid solvent to free excess resin and then raised to expose the object to
ultraviolet oven for further curing of plastic. The objects made are generally smooth surfaced,
but the quality of the object depends on the quality of SLA machine used for the process. This
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method is used by many industries from medical to manufacturing to build prototypes and
even final products.(Elizabeth Palermo, 2004)

3.2. Digital Light Processing (DLP)
Digital Light Processing (DLP) was developed Larry Hornbeck of Texas Instruments
in 1987. A 3D printed solid model was first published by Hideo Kodama of Nagoya Municipal
Industrial Research Institute in 1981 using photopolymer technology. DLP uses digital micro
mirrors laid out in a matrix on a semiconductor chip called the Digital Micro mirror Device.
Each mirror represents a pixel in the image for display. (Digital Light Processing (DLP) —
whiteclouds 3D printing, 2003)

Picture 12a & 12b: Model Production by Digital Light Processing

Once the 3D model is sent to the printer, a tub of liquid polymer is exposed to the light from a
DLP projector under safelight conditions. The DLP projector displays the 3D model in the
liquid polymer. The liquid polymer exposed gets harden and the build plate moves down and
the liquid polymer is again exposed to the light from the DLP projector. This process is
repeated until the entire 3D model is printed and the tub is drained for the solid object to be
revealed. The DLP 3D printing method is faster and prints objects with high resolution. Some
example of DLP printers are Envision Tec Ultra, MiiCraft High Resolution 3D printer and
Lunavast XG2 These printers are used in projectors, movie projectors, cell phones and 3D
printing. (Digital Light Processing (DLP) — whiteclouds 3D printing, 2007)

3.3. Fused Deposition Modelling (FDM)
Scott Crump, co-founder and chairperson of Stratasys Ltd., invented Fused Deposition
Modelling (FDM) in the 1980s. Based on this technology MakerBot (now owned by Stratasys)
developed a similar method of 3D printing called Fused Filament Fabrication (FFF). The 3D
model file is fed to the 3D printer which uses plastic threads to build the object. The nozzle of
the printer melts the filaments and prints them in layers on top of each other. The plastic
hardens rapidly as soon as it is placed on the build platform. The layers bind each other when
the plastic cools, making the object solid. The nozzle is controlled by the computer that moves
in X, Y and Z directions to print the object according to the printing path created by the
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computer. The process repeated until the object the printed. (Fused Deposition Modeling:
Most Common 3D Printing Method, 2006)

Picture 13a & 13b: Fused Deposition Modelling
Source: https://www.livescience.com/39810-fused-deposition-modeling.html

This method of 3D printing is the most common methods of all the 3D printing technologies
and it is used in a wide scale. In recent years the scale of this kind of printers have
dramatically increased and they have been in use in many industries such as medical,
construction, prototypes making for various purposes. Some examples of this type of printers
are Cube, Replicator and Mojo, which are designed for Inventors, hobbyists and small
business owners. The printers are small, efficient and user-friendly. Several materials have
been optimised to this printing technique such as plastic, steel, concrete etc., 3D printing of
concrete using these printing techniques are explained later in this thesis. (Fused Deposition
Modeling: Most Common 3D Printing Method, 2006)

3.4. Selective Laser Sintering (SLS) & Melting (SLM)

Selective Laser Sintering (SLS) was developed and patented by Carl Deckard and Joe
Beaman in the 1980s. This additive manufacturing method used laser to bind powder
materials, most commonly plastics such as nylon, which are dispersed in thin layers on the
build platform. (Elizabeth Palermo, 2005 a)

Picture 14a & 14b: Selective Laser Sintering (Left)and Melting(Right) process
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Initial step in creating an object is to convert the CAD file to STL format and feeding it into
the 3D printer. Then a laser, which is controlled by the computer with the shape of the object
is focused on the powder on the build platform. The laser heats the powder either to just below
its boiling point (SLS) or above its boiling point (SLM), which fuses the particles in the
powder to form a solid layer. The process is repeated until the object is formed and then it is
left too cool in the machine before being removed. This process is expensive as it uses higherpowered laser and potentially dangerous for commercial use. Andreas Bastian, an engineering
student at Swarthmore College has recently developed a low-cost SLS printer that creates
carbon objects. (Elizabeth Palermo, 2005 a)

3.5. Electron Beam Melting (EBM)
Electron Beam Melting (EBM) is a similar method to Selective Laser Sintering (SLS)
and Selective Laser Melting (SLM) as it uses powder from the 3D printer’s build platform. In
this type a high energy beam consisting of electrons is used to solidify the metal. The layers
that are solidified are stacked on top of each other until the object is created. (The Complete
Guide to Electron Beam Melting 3D Printing (EBM) - 3Dnatives, 2007)

Picture 15: Electron Beam Melting process

Although, the process is similar to SLS and SLM, the materials used should be electrically
conductive as it relies on electron charges. So the materials are limited to mainly titanium and
chromium-cobalt alloys. The manufacturing of ceramic parts and polymer are therefore
technically impossible in this process. Arcam, a Swedish company is the only one
manufacturing this type of 3D printers. The process could be expensive as the metal powder
materials can costs between $350-450 per kg. (The Complete Guide to Electron Beam Melting
3D Printing (EBM) - 3Dnatives, 2007)
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3.6. Laminated Object Manufacturing (LOM)
Laminated Object Manufacturing (LOM) was developed by Helisys Inc in the 1980s.
In this process layers of plastic or paper is laminated together using heat and pressure and then
cut into desired shapes with a computer controlled laser or blade. The method is one of the fast
and affordable ways to create 3D prototypes. (What is Laminated Object Manufacturing? | 3D
Printing, 2009)

Picture 16: laminated Object Manufacturing process

As usually a 3D model file is fed into the printer and the LOM apparatus uses a continuous
sheet of material such as plastic, paper or metal. These sheets of materials is drawn across a
build platform by a system of feed rollers. When the printing starts, a heated roller is passed
over the sheet of material on the build platform, melting the adhesive and pressing it onto the
platform. Then a computer controlled laser or blade cuts the material into desired pattern.
Similar process is repeated by sheets of material being pressed against each other and cut into
shapes according to the 3D model. (What is Laminated Object Manufacturing? | 3D Printing,
2009)

3.7. Sand printing
One the promising 3D printing methods developed recently in the 3D printing industry is 3D
printing of sand. This method is economical and effective in various industries from
automobile parts production to molds and sculptures making. Companies which have
employed these type of sand printing methods are Voxeljet, D-shape etc.
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Picture 17: Sand printed moulds
Source: https://www.voxeljet.com/industries/foundries/

The sand printing was developed by a group of Engineers at a startup in Augsburg, Germany
developed the prototype 3D printer for sand casting molds and cores in 1999. The printing of
sand consists of sand, binders and adhesives which are formed by layer by layer deposition of
sand and binders. The process is similar to SLS, SLM and EBM, but there is no heat involved
in the process. A layer of sand is placed on the build platform and a cross beam which consists
of binders, drops them in different locations of the build platform forming layers which bind
on top of each other. This process is repeated until the 3D model is completed. These molds
are used to cast metal and aluminum parts for various purposes. (voxeljet | Industrial 3D
printing solutions, 2012)

Picture 18: Sand printed artifact using CNC printer
Source: https://blog.adafruit.com/2011/06/24/3d-printer-use-sun-as-power-and-sand-as-source-material/

Since the introduction of sand printing of molds and cores, the method has been developed by
Enrico Dini, founder and Inventor of D-shape to large-scale 3D objects. He uses similar
method to print objects using CNC (Computer Numerical Control) machines. The method
used by Enrico has been designed to compete with stone, bricks, RCC and cement and proves
to be natural and ecological process. The printer developed by him has upto 300 nozzles for
the binders to be released in exact locations. (the technology | D-shape, 2011)
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4. Development of Concrete 3D printing
This section contains a review of the results published in scientific literature related to
Optimization of concrete for 3D printers. The section focuses on the scientific literature
related to experimental methods adopted by various researchers and research institutes for the
development of concrete for 3D printers.
In the mid-2000s, Dr.Behrokh Khoshnevis developed a system called Contour Crafting, a
large-scale 3D printer designed to print buildings. Dr. Khoshnevis, a researcher from the
University of Southern California has been working on this project for years. The 3D printer
works like a desktop printers, but the printing nozzle was mounted on a small sized crane to do
the printing, and concrete was used as a medium to lay down the building’s structural
elements. (Doug Elliott, 2012)

Picture 19: Concrete printing using fine grained materials
Source: http://hoss.roshana.co/3d-printing-building-construction/

The concrete used in the project was extremely low slump concrete according to digital plans
to print buildings, he found himself presenting at the same conference with NASA researchers
who were developing technology to build on the moon and Mars. Philip T.Metzger, a NASA
physicist and manager of its Granular Mechanics and Regolith Operations Laboratory said that
Dr.Khoshnevis had invented many of these large-scale printing processes and added that
NASA wants to continue what Khoshnevis was doing, along with any solutions to use existing
materials to make concrete on Mars and the Moon. Additive manufacturing method adopted
by Dr. Khoshnevis showed great prospects within the researchers and research institutes
around the world and researchers started working on this new rapid prototyping system. (How
3D Printing is Affecting the Construction Industry, 2015)
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Picture 20: Concrete 3D printed model by Andrey Rukenko
Source: http://www.totalkustom.com/

The technology of 3D printing was driven by Construction industry’s demand for fast and
cost-effective prototyping production method. Since the invention of Khoshnevis’s invention
in 2006, the concept of 3D printing of concrete with contour crafting system has evolved
rapidly. The process of adding layers of materials on top of each other until the material is
ready starts with the digital model of the structure or object, for example a CAD file. The
CAD file can be created with spatial modelling software or 3D scanning the object, which
creates a spatial and digital copy of the object. (How 3D Printing is Affecting the Construction
Industry, 2015)

Picture 21: Models showing the layer thickness vs resolution of the model

The next step is called slicing of the model. Slicing is the division of the 3D model into
hundreds or thousands of horizontal layers using special softwares such as Slic3r, Ultimaker,
Simplify3D etc., The sliced model can be sent to a printer that prints an object or structure,
layer by layer. The 3D printer reads each layer in two-dimensional form and forms a three-
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dimensional object as printing progresses. (How 3D Printing is Affecting the Construction
Industry, 2015)

4.1. Concrete 3D printing
The steps for 3D printing an object with concrete consists of three steps: preparation of
data, preparation of concrete mix and printing of the object. In the data preparation stage, the
spatial model of the object to be printed is created in CAD format. The object is then sliced
into layers using one of the slicing softwares. The software creates a plan for the 3D printer for
laying the concrete in layer-by-layer form. (Bos et al., 2016)

Picture 22: Concrete 3D printing process

The next stage is the preparation of the concrete mix and management of feeding of concrete
to the 3D printer. The concrete is fed into the printer with either batch mix (The mixture is
prepared in volumes and then placed in the container) or Continuous mix (the mixture is
automated and flows into the printer continuously). The Open time of concrete has to be noted
at this stage for the concrete to not harden rapidly, causing blockage in the printer. (Bos et al.,
2016)

Picture 23: Concrete extrusion process
Soruce: https://3dprint.com/131560/scg-3d-printable-cement/

19

At the third stage, the concrete mixture is pressed out of the printer through the nozzle. A
pump or a pulley can be used to extrude the concrete mixture and place it in layers. The
concrete flows through the nozzle of the printer on a prescribed path programed by the user to
the 3D printer. This path is programmed accordingly so that the printer lays the concrete in
layer-by-layer fashion, forming a real three-dimensional object from the digital model. The
workability of the concrete plays a vital role in this stage of the printing. The workability is
responsible for both, the extrudability and buildability aspects of concrete. Thus achieving a
good mixture of cement, aggregates, water and chemical admixtures is necessary to optimize
the workability for 3D printing of concrete. (Bos et al., 2016)

4.2. Concrete 3D printers
Concrete 3D printing could be used in many ways in the construction industry. One
option is to print elements in the factory, after which they are transported to the construction
sites and assembled. Another option is to set up the printer on a construction site where the
structure is printed in elements on the site and assembled together, or directly print the
structure on site. It should be noted that this practice is based on the printing of vertical
elements by placing materials horizontally in layers on top of each other.
Two types of printers are currently in use in the Industry. The first type is a framed printer.
This kind of printer would fit only in factories because it is very difficult to transport and
assemble this kind of printers. The disadvantage of this printer is that the frame of the printer
must be larger than the structure itself. The larger frame makes the printer expensive, difficult
to transport and assemble the printer. This kind of framed 3D printer is used by TU
Eindhoven’s 3D concrete printing facility in the Netherlands. (Nathan Ingraham, 2017)

Picture 24a & 24b: Framed concrete 3D printers
Source: https://www.tue.nl/en/university/departments/built-environment/research/researchprograms/structural-design/research/research-areas/concrete-research-areas/3d-concrete-printing/photogallery/

The second type of printer is a non-framed concrete printer. It is a robotic printing arm
mounted on a vehicle. This kind of printer can be easily transported and does not require flat
ground, unlike the framed printer. This kind of non-framed 3D printer is used by CyBe
constructions in the Netherlands. (How 3D Printing is Affecting the Construction Industry,
2015)
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Picture 25a & 25b: Non-framed concrete 3D printers
Source: https://3dprint.com/189228/cazza-3d-print-construction-robots/

4.3. Traditional methods vs 3D printing

Picture 26: Traditional production process vs 3D printing

The illustration above shows clearly the various stages of construction of a structure
according to the traditional techniques. The various stages involve human resources in
different locations of the structure. Thus it is time consuming and expensive. The 3D printer
on the other hand shows how the printer is both a tool and manufacturer. The less involvement
of the user in the printing process, the smoother the process is automated. The development of
3D printing on concrete is limited by the amount of research done so far and the need for large
investments is needed to start adopting this printing process.

4.4. Concrete Printing Systems
Joseph Pegna, a student from the Rensselar Polytechnic Institute, USA in 1997 was a part
of a student project that introduced the first published concrete printing systems (Pegna,
1997). This technology has developed grown extensively and currently there are two main
categories of 3D printing technology available known as



Contour crafting
Binder jetting by D-shape
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Picture 27a & 27b: Finished products of Contour crafting and Binder jetting
Sources: https://www.xtreee.eu/2015/08/19/first-prototypes-3d-printed-concrete-wall-2/
https://www.channelnewsasia.com/news/world/dutch-open-world-s-first-3d-printed-bridge-9319080

The three technologies have been tested and proven as effective printing methods for complex
geometric concrete structures. Even though the three processes are similar in production, they
use different raw materials depending on their applications and environmental conditions.
They use the different techniques of additive manufacturing as Binder jetting process drops
magnesium based binder to harden sand to rock in layer-by-layer construction method and
Contour Crafting is a form of additive manufacturing where a giant robotic arm squeezes
concrete through nozzles in layer-by-layer fashion constructing the structure. These
technologies are discussed in the following sections.
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5. Challenges and possibilities of 3D
printing concrete
3D printing has been employed for the past 30 years and only recently, researchers have
been experimenting different types of materials that suit for 3D printing. The research on
material development for 3D printing has been the major challenge for the researchers
involved in this specific area. The following key properties of concrete needs improvement in
order to successfully 3D print concrete structures:






Extrudability
Flowability
Buildability
Open time and
Contact between layers

5.1. Requirements of Concrete for 3D printing
As I mentioned in the sections above, using of concrete for 3D printing needs a special
type of concrete. The concrete mix should be flowable like a paste and should harden once it
has been laid. The concrete should not harden rapidly while it is being used, because it would
block the nozzle and disrupt the printing process. Thus, the open time of the concrete plays a
vital role in the printing process. The terms extrudability, flowability and open time are
directly co-related to the consistency and setting time of concrete. For the concrete to be
optimized for 3D printing conditions there are certain properties of concrete, which can be
modified and can be adapted for printing.

5.1.1. Extrudability
Extrudability is a crucial aspect of concrete in 3D printing. Extrudability can be
defined as the ability of concrete to travel from the mixer to the nozzle which prints in layers
without altering the physical properties on concrete. Concrete usually has a setting time
between two to four hours, which is also known as plastic state of concrete. In this plastic
state, concrete is usually transported from the mixing plant to the construction site and poured
into formwork. The setting time of concrete can be modified by the use of chemical
admixtures. The usage of chemical admixtures can be varied depending on the printing speed
of the 3D printer. The table below shows the printing speed adapted by the concrete research
group led by Freek Bos at the Eindhoven University of Technology (TUE). (Bos et al., 2016)

23

Table 1 : The velocity of printing used by Prof.Freek Bos at TUE.

DOF
Translate x-axis
Translate y-axis
Translate z-axis
Rotate z-axis

Vmax
1.8 m/s
1.8 m/s
1.8 m/s
3.0 rad/s

Amax
1.0 m/s2
1.0 m/s2
2.0 m/s2
6.0 rad/s2

Picture 28: Typical concrete extrusion nozzle
Source: http://fab.cba.mit.edu/classes/4.140/Architecture/people/zdacohen/Assignment01.html

The desired flow of concrete can be achieved accordingly by analyzing the printing speed of
the 3D printer. The concrete should flow smoothly for the printer to lay them in layers on top
of each other. Analyzing various systems concludes that the printing speed of the systems can
be adjusted according to the consistency and open time of concrete. If the structure has many
architectural details, then the printing speed will be adjusted accordingly so that the system
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does not waste the extruding material and the quality of the concrete printed material is
flawless. Excess deposition of concrete while printing has been seen as a limitation due to
improper control of the system that results in poor surface finish of the structure. The issue of
poor surface finish of printed structures needs improvement in the future.

5.1.2. Buildability
Buildability is defined as the property of concrete to harden before the next layer of
concrete is placed upon the printed layers. Thereby giving a good platform for the concrete to
build on top of each layer. Buildability and Extrudability are the most important properties of
concrete related to 3D printing. Both the requirements are correlated to the workability of the
concrete. The concrete recommended by Freek Bos is a zero slump concrete with chemical
admixtures, which can set rapidly after its extruded and can be built in layers on top of each
other. (Bos et al., 2016)

Picture 29: Layered built concrete model
Source: https://www.heijmans.nl/en/news/test-3d-printed-cement-formwork-success/

In addition to the zero slump concrete, it is believed that the aggregate size plays an important
role in obtaining a good mix of concrete. The preferred sizes of coarse aggregates can vary
from 4mm- 16 mm. Exceeding 16mm of aggregate size could result in a more coarse mix,
which might not be suitable to extrude through the nozzle and not have a good texture of the
finished concrete. However, layers that are printed with maximum thicknesses can use
aggregate sizes up to 20mm.(Bos et al., 2016)
The hardening of the first layer of concrete before the next layer is printed is a vital
requirement for the buildability aspect of the structure. In 3D printing synthetic material like
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nylon or other plastic, UV light is used to harden the first layer before the next layer is printed.
Concrete can be rapid set with the following ways:

Factors that affect Buildability
5.1.2.1. Chemical admixtures
Chemical admixtures are one of the easiest ways to modify the properties of concrete.
The most commonly used chemical admixtures are water reducers, air-entraining agents, water
reducing retarders and accelerators. Admixtures are used to enhance the workability of fresh
concrete and durability of hardened concrete. In 3D printing of concrete, the concrete needs to
be extrudable and has to set quickly before the next layer of concrete is placed. It is possible
that varying quantities of admixtures can be tested to obtain right mixture of concrete that can
set rapidly for the next layer of concrete to be placed on top. The recommended amount of
chemical admixtures is from 0-2% of the total volume of cement.
However, there are two properties of concrete that needs modification for the concrete to adapt
to 3D printing conditions. Rapid hardening of concrete after it’s placed for the next layer to be
placed on top of it and the open time of concrete for the concrete to extrude through the nozzle
and does not block the pipes. These properties can be achieved by adding chemical admixtures
such as accelerators and retarders in varying quantities to the concrete mix. The retarders can
be added to the concrete mix while being mixed in the concrete plant, to keep the consistency
of the concrete. After the concrete arrives at the printing site, the accelerators can be added to
the mix right before the printing starts to ensure the rapid hardening of concrete while being
printed in layers on top of each other.

5.1.2.2. Temperature
Temperature has various impacts on the concrete while being placed. In Finland the
temperatures are not concrete-friendly because of the geographic location. As we know that
higher the temperature in the environment, the concrete sets in placed quickly. In Finland, the
structures can be covered with protective covers and area heating can be applied to improve
the hydration process of concrete during concrete-unfriendly seasons.
The compressive
strengths of concrete samples can be achieved using the area heating systems for the concrete
3D printed structure. Moreover, the amount of retarders used in the concrete should be
monitored to achieve good consistency of concrete, like a paste that can be constructed in
layers. Having an ideal temperature for 3D printing concrete is very important as it directly
involves in the hydration process of the concrete and producing early strength for the layers of
concrete during printing process.

5.1.2.3. Using of less gypsum cement
A small amount of gypsum is mixed during the final grinding process of the clinker in
the cement manufacturing process. The necessity of using gypsum is to control the setting
time of cement. Gypsum is usually considered as a retarding agent in the hydration process of
concrete. The C3A in the clinker reacts quickly with gypsum to form calcium sulfoaluminate
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hydrate that deposits and generates a protective layer on the cement particles to delay the
setting time of concrete.
In the process of 3D printing concrete, it is necessary that the hydration process of cement is
accelerated. The recommended amount of gypsum used in cement is 3-5% of the cement mass.
Using of gypsum less than the minimal amount i.e. less than 3% will accelerate the hydration
process of concrete. The concrete would provide a good and hard base for the layers of
concrete that will be stacked and eventually forming the 3D printed structure.

5.1.3. Contact strength between layers
Another important aspect of concrete in layers that has not been discussed in detail is
the contact of concrete when placed in layers. It is required that the concrete when placed on
top of each other, the bonding should occur within the layers to obtain a solid structure. So the
concrete should not be in harden state, instead hydration of concrete should be in progress
when the concrete is placed on the previous layer’s surface. This aspect is also related to the
workability and setting time concrete. The setting time concrete should be monitored with the
3D printing machine’s printing speed to achieve bonding between the layers.
In addition, to maintain the stability of the structure and to achieve good bonding between the
layers, the shape of layers of concrete should be taken into consideration. The shape of layers
can be modified by varying the printing nozzle’s shapes. The nozzle shapes vary from circular
to rectangular and square shapes. The circular nozzles tested by some researchers vary in
diameter from 40-80mm. Circular shaped layers are hard to manage because there is a
possibility that the layers might topple and collapse the whole structure and causing accidents
in the printing process.(Bos et al., 2016)

Picture 30a: Concrete layer extrusion model

Square and rectangular shaped nozzles have proven to be more stable and reliable shapes for
printing because the possibilities of accidents are few. Square shaped nozzles vary in sizes
between 30-60mm in length and rectangular shaped nozzles are used in different combinations
of sizes. Rectangular shaped nozzles vary in thicknesses from 20-40mm and 30-60mm in
height. They have proven to be the most stable shape of layers of concrete and the chance of
accidents are less.(Bos et al., 2016)
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Picture 30b: The strange flip on the corners of the structure
Source: http://internationalfranchise.info/3d-printed-concrete-house/3d-printed-concrete-house-the-layersare-visible-in-early-printed-homes-3d-printed-concrete-house-china/

Besides the size and shape of nozzles, the printer should rotate 90 degrees in the corners in
order to provide the corners accurately for the structure. If the printer does not rotate the
corners in 90 degrees and continue on the z-axis, there will be a strange flip on the layer of
concrete that has been laid. In order to provide corners of 90 degree, the versatility of the 3D
concrete printer is taken into consideration and tested many times before actual printing.
(Wolfs, 2015)

5.1.4. Aggregates
Aggregates play a vital role in the process of 3DCP. The type and size of aggregates
used in the concrete mix contributes to the load bearing strength of the structure. The nozzle
sizes vary from 20mm to 40mm in thickness. Accordingly, the aggregates sizes are not
preferred to be larger than 4-6 mm because the nozzle could get blocked. Using of larger sized
aggregates also results in collapsing of the formation of structure by causing instability to the
printing structure. Even though many researchers recommend fine aggregates instead of coarse
aggregates most of the time, it is for the aesthetics of the printed structure. Coarser aggregates
yield rough finish of the concrete on the surface.

5.1.5. Water-cement ratio
As mentioned in the previous sections, it is recommended to have a zero slump
concrete for the concrete to be placed in layers. However, zero slump concrete is hard to
extrude through the small nozzle sizes of the 3D printer. So super plasticizers should be added
to the mix to achieve the desired workability. The water-cement ratios have been
experimented from 0.25-0.44 by various researchers and using the least amount of watercement ratio with super plasticizers has proven to have better buildable properties of the
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concrete. The binder has also been replaced with materials such as fly ash and slag from 530% of the total volume of binder in numerous research articles.
Water to cement ratio also plays a major part in the hydration process of the 3D printed
concrete. The concrete needs to be dry before the next layer is placed, so using the least
amount of water with sufficient chemical and mineral admixtures would yield a better setting
for the next layer of concrete to be placed and not collapse the whole 3D printed structure. The
water used for the mix needs to be salt and impurities free to achieve a good consistent mix
that can be extruded smoothly through the nozzles of the 3D printer. However the usage of
water to the cement ratio depends on the type of nozzle used in the printing process because of
the consistency of concrete varies for different shapes and sizes of nozzles.
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6. 3D Concrete Printing (3DCP) projects
around the globe
Several research groups of research organizations are involved in the development of
large-scale 3D printers for the construction industry. The technologies developed differ in
terms of printing techniques and materials. The Concept of three-dimensional (3D) printing of
concrete has been experimented since the mid 1990's. The generical name 3D Concrete
Printing varies with various research groups and enterprises around the world. The projects
presented below are experimental and commercial projects that are ongoing on 3D Concrete
Printing (3DCP) by various Production Units and Academic Institutions around the globe.

6.1. Contour Crafting (CC)
As discussed briefly above, Dr. Khoshnevis’s Contour Crafting system has led to the
art of 3D printing concrete structures. Contour Crafting is an additive manufacturing
technology that uses computer control to exploit the superior surface forming capability of
troweling to create smooth and accurate planar and free-form surfaces.(Khoshnevis, 2004).
The concept of CC has been compared with other layered fabrication processes and adapted
this system to develop concrete 3D manufacturing.

Picture 31a & 31b: Contour crafted models by Dr.Khoshnevis in USA
Source: https://3dprint.com/53437/contour-crafting-dr-khoshnevis/

Contour Crafting is a hybrid method that combines an extrusion process for forming the object
surfaces and a filling process (poring or injection) to build the object core (Khoshnevis, 2004).
The applications of Contour Crafting has been tested on variety of materials ranging from
powdered filaments to concrete. Dr. Khoshnevis mainly focusses the applications of CC in the
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construction industry thus smarter and automated construction of structures that costs less and
produce least waste (Khoshnevis, 2004).

6.2. D-shape
Enrico Dini, an Italian civil engineer invented a 3D printer called D-shape. It was
created in 2007 claiming the world first construction scale 3D printing technology that
consolidates crushed dolomitic limestone into a solid-stone material. Enrico’s aim was to use
locally available materials to form 3D printed structures. The binder was a natural one that
was tested successfully against wide variety of crushed stone aggregates, such as volcanic rock
and marble. (D-shape, 2012)
The printer’s concept of using powder-based materials resembles to the concept of Selective
Laser Sintering (SLS) where the powder particles were bonded using laser beam. The printing
process starts as the powder is spread out on the build platform. A cross beam that consists of
natural binders, drops them in different locations of the build platform forming bonds within
the limestone particles. This process is continued until several layers of limestone are bound
together to form a 3D object. The technique used by Enrico Dini is still in the beginning stage
of the invention. The object does not render smooth surfaces as compared to other 3D printing
processes. However Enrico believes that this printing technique will develop in future
providing low cost housing. (D-shape, 2012)

Picture 32a and 32b: D-shape model vs reality of using CNC 3D printing machines in Italy
Source: https://d-shape.com/

6.3. Winsun projects
Winsun is an innovative construction company from China that employs 3D printing in
commercial projects. Winsun has already built ten 3D printed houses in one day at a cost of
$5000 per house. Winsun has also started new projects on constructing multiple floor
apartment building and villas. The construction methods are however different from on-site
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3D printing. Winsun prints 3D printed elements such as walls with windows and doors and
partition walls that are transported and assembled on-site. This method of construction has
proved to be less time consuming and more effective. (Julia, How 3D Printing is Affecting the
Construction Industry, 2015)

Picture 33a and 33b: Winsun’s 3D printed projects in China
Source: http://www.winsun3d.com/

The CEO of the company Mr.Ma Yihe, claims that they used up to 50% of demolition waste
or mine tailings and producing zero construction waste in the process of construction. He
emphasizes the impact of the delivery time of five days and three workers, it took to print the
two story 1,100 square meter mansion. He also mentions the several prototypes that the
company has developed for the clients to visit including a six-story apartment building and an
ancient-style traditional Chinese house by taking full advantage of the technology’s freedom
of design. He claims that the company has advanced from the prototyping stage and sold more
than 100 houses to date.

Picture 34: Model of Winsun’s housing project in China
Source: http://www.winsun3d.com/
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The company is one of the leading pioneers of 3D printing technology in construction in
China and it faces several barriers from the skepticism from designers, project developers and
lack of regulation for the technology in China.

6.4. CyBe constructions
CyBe Constructions is a Dutch company, which involves in providing 3D printing
concrete solutions with concrete and mortar. Its current CEO, Berry Hendriks, founded the
company in the Netherlands. It focuses on revolutionizing the mainstream construction
practices to more automation process in the construction Industry. The company is in the
process of making 3DCP more user friendly and hopes to improvise the current technologies
of concrete printing. The company has done projects with other companies and universities in
the Netherlands to introduce 3D printing concrete as a sustainable manufacturing process that
is automated and user friendly. (CyBe Construction, 2013)
The company claims to have developed the first mobile 3D concrete printer that is able to
move on caterpillar tracks named CyBe RC 3Dp. The mobile 3DCP has a high printing speed
and an extended printing range upto 4,50 meters height. The printer is used for various
applications such as printing buildings, wall elements, sewer pits, street furniture, etc. The 3D
concrete printer CyBe RC 3Dp sold by the company costs €349,000. there are also offsite
solution printers developed by the company named CyBe R 3Dp that are mostly used in prefab
factories as a part of production in large scale. CyBe R 3Dp costs 299,000 and the company
produces a special mortar for 3D printing concrete called CyBe mortar.

Picture 35: CyBe constructions printing lab in the Netherlands
Source: https://cybe.eu/
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The CyBe mortar is specially designed for 3D printing concrete and has some very convenient
characteristics when compared to Portland cement. The mortar sets in 5 minutes after
extruding that enables the next layer to be placed on top without collapsing and achieves the
structural strength in one hour after placing. The dehydration time of the mortar is 24 hours
compared to 28 days with traditional concrete. This rapid dehydration time enables to finish
the wall with plaster after 24 hours which makes the finishing phase of the project significant.
The CEO of the company says that “From the test on the first construction element it appears
that the characteristic value of the concrete we printed (CyBe Mortar) is greater than
previously calculated. We are extremely satisfied with this,” and adds “From practical
research and tests of this nature we see that the technology is becoming more widely
applicable.”

6.5. Apis Cor
A detached house, first of its kind was built by 3D printing technology in Stupino
town, Moscow region. Apis Cor and PIK companies built the house as a research project,
which was successfully completed in December 2016. Apis Cor claims that the whole house
was built in 24 hours of machine printing time. The area of the structure was 38 square meter.
The company claims that the printer is able to operate in temperatures down to minus 35
degrees Celsius. The design of the printer itself is a distinctive feature as it reminiscent of a
tower crane, allowing the printer to execute the printing process on both inside and outside.
(The first on-site house has been printed in Russia | Apis Cor. We print buildings, 2017)

Picture 36: Apis Cor’s 3D printed structure in Moscow, Russia
Source: http://apis-cor.com/

The developer of this printer was the founder and CEO of Apis Cor company, Nikita Cheniun-tai. Chen-yun-tai, presents that the cost of construction of the house was $10134, which is
approximately $275 per square meter. The building is in extraordinary shape and the materials
used were high quality materials, which were supplied by the partnering companies. The
company says that a square shaped house would cost even cheaper about $223 per square
meter. Nikita claims that building the house using 3D printing technique saved up to 70
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percent of construction material when compared to traditional construction methods. (The first
on-site house has been printed in Russia | Apis Cor. We print buildings, 2017)

6.6. 3D Printhuset
3D Printhuset is a Danish 3D printing company which has started an exciting new
project of 3D printing Building on Demand (BOD) in Copenhagen. The area of the office
hotel to be built is measured to be just under 50 square meters and claims as one of the first 3D
printed buildings in Europe that meets official regulations. The company claims that BOD
project would boast the status of receiving an official permit by following the norms of
European code and standards for buildings. (Julia, 2015)
Henrik Lund-Nielson, the CEO of 3D Printhuset states that
“Following our participation in the Danish government-funded research project ‘3D
Construction Printing’ and our research into and visits to over 35 3D construction projects all
over the world, we saw the need for proving that the 3D print technology successfully could
be applied for buildings, also in Europe and in full compliance with the strict building
regulations we have here” and claims that “The BOD building that we have begun
constructing using on-site 3D printing of concrete in Copenhagen Harbour is that proof.”

In the company's own words, the purpose of BOD is to demonstrate that 3D printing
technology can be successfully employed in Europe while following the EU building
regulations. The Gantry-type printer, which was employed by the company, could print layers
of 20mm high layers with a width rage of 50-70mm. (Julia, 2015)

Picture 37a & 37b: 3D printhuset’s on progress 3D concrete printing model in Denmark
Source: https://3dprint.com/186860/3d-printed-building-copenhagen/
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Jakob Jorgensen, Technical manager at 3D Printhuset explains,
“With traditional building techniques any shape that is organic or non-straight is a challenge,
technically as well as with respect to costs. The BOD does not contain any straight lines or
walls, the only straight elements being the windows and doors as with 3D construction
printing low cost automatized fabrication of organic shapes is possible”.

6.7. TU Eindhoven
The 3D Concrete printing (3DCP) facility at the Eindhoven University of Technology
in the Netherlands has been researching on Additive manufacturing to great extent in the
recent past. There are some primary obstacles on 3DCP being used in large-scale construction
projects. The most primary obstacles could be the extrudability and buildability properties of
concrete. So special attention is necessary in the production of concrete, which should have
certain characteristics such as open time of concrete, extrudability of concrete, rapid hardening
and contact between the layers of concrete. (Bos et al., 2016)

Picture 38a & 38b: TU Eindhoven’s 3D concrete printing lab in the Netherlands
Source: https://www.tue.nl/en/university/departments/built-environment/research/researchprograms/structural-design/research/research-areas/concrete-research-areas/3d-concrete-printing/photogallery/

The 3DCP facility at Eindhoven University of Technology adopts the Contour Crafting
technique for printing. The printer is set up as the concrete mixed with water is pumped
through a hose, which is connected to the printer head, where a printing nozzle at the end of
the vertical arm of the robot places the concrete on layer-by-layer fashion.

6.8. Massachusetts Institute of Technology
In the Massachusetts Institute of Technology, a robotic 3D printing system has built
the walls of a 50-foot diameter, 12-foot dome in less than 14 hours. The Mediated Matter
Group (MMG) within the MIT's Media Lab emphasizes designing and building structures
using 3D printing technique to build elements for interior beams or windows and to build the
structure itself and facade of the structure. (John Kosowatz, Senior Editor and ASME.org,
2017)
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Picture 39a & 39b: MIT’s non-framed 3D printing model using expandable foam
Source: http://news.mit.edu/2017/3-d-printing-buildings-0426

Dr. Steven Keating at the MMG says,
"The overall vision is to use biology as inspiration and as a design tool in an effort to move the
construction industry toward new designs and methods".
In addition, he adds,
"The alternative is to build more like a biological system. The robotic 3D platform, known as
the Digital Construction Platform, should mimic biology by viewing the building as an
organism digitally designed and built with a system that seamlessly connects and supports the
whole".
For the test, Keating's team 3D printed polyurethane hollow foam block, which was filled with
concrete to form walls. Keating said that the material cured in 30 seconds and the test was
completed in 14 hours. He adds that there are several possibilities for this digital platform in
the future and he says that this technique could work on Mars.(John Kosowatz, Senior Editor
and ASME.org, 2017)

6.9. Total Kustom
A Minnesotan Civil Contractor, Audrey Rudenko had 3D printed elements of a
miniature castle at his backyard. Rudenko has developed his own concrete mix for this castle
design. The time taken to build this castle was about 6 months by printing in elements up to a
height of 50cm and assembling them together with physical support of
helpers.(Totalkustom.com, 2012)
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Picture 40: Andrey Rudenko’s 3D printed artifact in USA
Source: http://www.totalkustom.com/

6.10. B-hut -Automated Construction of Expeditionary
Structures (ACES)
Dr. Michael Case, CERL ACES program manager supports the idea of 3D printing by
the construction of structures called the barracks hut or B-hut for the Army program called the
'Automated Construction of Expeditionary Structures (ACES)'. CERL is an integral part of the
U.S.Army Engineer Research and Development Center, headquartered in Vicksburg,
Mississippi. (Michael Jazdyk, 2017)

Picture 41: B-hut by Automated Construction of Expeditionary Structure (ACES) in USA
Source: https://3dprint.com/tag/b-hut/

38

He says,
"ACES provides a capability to print custom-designed expeditionary structures on-demand, in
the field, using locally available materials. ACES will allow the Army to print buildings and
other required infrastructure, such as barriers, culverts and obstacles on location". The
Construction Engineering Research Laboratory (CERL) in Champaign, Illinois has teamed
with NASA to make Automated Construction of Expeditionary Structures (ACES) more
mobile. ACES has the potential to reduce construction manpower requirements by 66 percent
reduce building materials by half when compared to traditional plywood construction. CERL
and NASA were working together to design, build and test a concrete printer that was
delivered in September 2017. Case said "The ACES team designed, built, and validated an
additive, three-dimensional concrete printing technology that is a real game changer" and
added that "Unlike previous efforts, ACES can use up to 3/8" aggregate in the concrete that is
used. In addition, the ACES project paid particular attention to methods of reinforcing printed
concrete, both horizontally and vertically”. (Michael Jazdyk, 2017)

6.11. 3D printed office in Dubai
In June 2016 the world's first 3D printed office building was opened in Dubai, UAE.
The Structure was built in elements by Winsun constructions in China and was shipped to
Dubai, where the elements were assembled. A 120-foot long 3D printer in China printed the
structure that has an office space of 2600 square foot. The design was done by Dubai based
architectural firm named Gensler. A cartoon character’s themed building called Flintstone’s
Bedrock inspired the design. Gensler reported that printing the office instead of traditional
construction on-site saved up to 80 percent in labor cost and up to 60 percent in construction
waste. (Shaunacy Ferro, 2016)

Picture 42: 3D concrete printed office in Dubai, UAE
Source: http://en.thegreatmiddleeast.com/2016/07/shaikh-hamdan-bin-mohammad-launches-dubai-futureaccelerators/
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The building was an initiative of Dubai’s 3D printing strategy that was launched on April 27th,
2016 and focuses of development of 3D printed buildings in the future to improve people’s
lives in the Emirates. The 3D printing strategy will deal with three major sectors such as real
estate and construction, medical and consumer needs. The strategy also commits the Emirates
to use 3D printing in 25% of its buildings by 2030.
The Vice President and Prime Minister of UAE says “We see this project as a case study that
will provide valuable lessons for the entire construction industry,” and adds “It will also
benefit governments around the world as they seek to better understand and take advantage of
this important technology.”

6.12. BAM Infrastructure group with TU Eindhoven
In September 2017, Dutch Construction Company BAM Infrastructure group
collaborated with the Eindhoven University of Technology completed and Installed a 3D
printed concrete bicycle bridge in the Netherlands. The work started in June 2017 with
designing and scheduling the printing process. The bridge measured 8 meters long and 3.5
meters wide which was first of its kind in the Netherlands. The bridge was printed in elements
and then the elements were assembled with pre-stressed and reinforced concrete. Cyclists use
the bridge to cross the peelsche loop, a canalized river in the town of Gemert.(Nathan
Ingraham, 2017)

Picture 43a & 43b: 3D concrete printed bridge by BAM infrastructure group in the Netherlands
Source: https://3dprint.com/191375/3d-printed-concrete-bridge-open/

The director of BAM Infrastructure explains
“with 3D printing, you have more flexibility regarding the shape of the product. In addition,
3D printing a bridge is also incredibly efficient: you need less concrete, but there is also no
need for shuttering where the concrete is normally poured in. you just use exactly what you
need, and there is no release of CO2 emissions.”(Nathan Ingraham, 2017)
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6.13. Vinci construction and XtreeE
A French construction firm Vinci construction has a large portfolio of projects ranging
from climate-controlled stadiums to bridges designed to withstand cyclones and floods. The
company has collaborated with a fellow French 3D printing solutions startup, XtreeE to
produce advanced 3D printed concrete structures. The young startup specializes in large-scale
3D printing and is currently working with Dassault Systems 3DExperience lab in producing
some impressive 3D printed concrete projects. Vinci constructions will benefit from the 3D
printing expertise of XtreeE, giving them an edge to lead the construction industry with
advanced technology.
The Chairman of Vinci constructions, Jerome Stubler says “3D printing offers revolutionary
potential for the construction sector and VINCI Construction plans to be in the vanguard of the
move to introduce it,” and adds “this partnership with XtreeE is a further illustration of the
drive to innovate in construction.”

Picture 44a & 44b: 3D concrete printed artifacts by Vinci construction and XtreeE in France
Source: http://www.xtreee.eu/projects/

The Chairman of XtreeE says “We strongly believe that our 3D printing technology will be a
central part of the next wave of groundbreaking developments in construction. The partnership
with VINCI Construction, a world leader in the sector, will enable us to develop new solutions
around the world.”
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6.14. Loughborough University
The research team led by Dr. Richard Buswell at the Loughborough University in UK
has been developing a patented 3D Concrete Printing (3DCP) technology for the production of
full-scale construction and architectural components since 2014. The computer controlled
3DCP printers are attached to a gantry and robotic arm that precisely deposits successive layer
of high-performance concrete that are specially made for the 3DCP to create complex
structural elements. The technology is used to form architectural features on concrete elements
and intricate façade panels that can be produced cost-effectively with reduced construction
waste.

Picture 45: 3DCP model in Loughborogh Universitry, UK
Source: http://www.kurzweilai.net/printable-houses-are-coming

The concrete elements 3D printed with this high performance concrete had a high compressive
strength of up to 100N/mm2 and an inherent tensile strength of 10N/mm2. The printing speed
of the concrete 3D printer was an impressive 600mm per second. The printing technique was
tested on some prototypes and it facilitates the constantly increasing complex building designs
and services.

6.15. MX3D
A Dutch Robotic Additive Manufacturing (RAM) developer is set to construct a 12meter long 3D printed steel bridge above the Oudezijds Achterburgwal canal in Amsterdam,
the Netherlands. First the company was ambitious with the project that the bridge would build
itself on location. However, the company opted to 3D print the bridge in segments and
assemble them across the canal. The project is first of its kind and the process of fine-tuned
metal deposition technology has been enable to carter larger sized additive production of
elements.
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Picture 46: 3D steel printed bridge on progress by MX3D in the Netherlands
Source: http://mx3d.com/projects/bridge-2/

Several technical institutes and companies are involved in design and execution of this project
which is set to be in use in the early months of 2019. Joris Laarman says “I strongly believe in
the future of digital manufacturing and local production – it’s a ‘new form of craftsmanship’.
This bridge can show how 3D printing has finally entered the world of large-scale functional
objects and sustainable materials, while enabling unrivalled freedom of design.”
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7. Potential applications of
3D Concrete Printing
3D printing concrete has proved to be reliable and environmental friendly in the research
processes. However, there are various aspects of concrete that needs improvement for the
process to be accepted worldwide and used on a mass scale. Several researches are ongoing in
various technical institutes and universities to adapt 3D printing concrete in the construction
process and increase automation in the construction industry. In few years in the future 3D
printing concrete will be used globally to reduce waste in the construction process and build
concrete structures efficiently. In the sections below, some of the areas where 3D printed
concrete could be used are discussed briefly.

7.1. Disaster shelters
Natural disasters are something that cannot be stopped by any machinery or
technology. The disasters leave the victims homeless and exposing them to the outdoor
conditions. 3D printing has proved to build concrete structures such as walls that can be easily
3D printed within a couple of hours. This 3D printing concrete technology can be used to
build disaster shelters rapidly and cheaper compared to traditional construction methods. It is
proved that 3D printing concrete reduces construction waste and uses only the required
amount of material needed for the structure. According to the literature study in the above
sections, certain companies claim that they were able build a complete structure in about 2-3
days that is mechanically stable. The analysis on disaster shelters made in the past, states that
hundreds or thousands of shelters were built in certain number of years. This process can be
reduced to months and the cost of the project reduced in half if 3D printed is adopted to build
these structures.
The advantages of using 3DCP in disaster shelters is that they the 3D printers can use local
materials for construction of the shelters, thereby reducing the cost of materials. The
construction shelters require a life span of 2-6 years depending on the area of natural and manmade disasters. Automation in building disaster shelters would mass-produce them in short
period to house the victims in a less expensive way and improve the design of the structures
such as high ceilings and eco-developed communities. Since the structures are temporary and
the cost of production is less, it is a good alternative to save funds in the construction phase.
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Picture 47: Disaster housing

7.2. Arts and architecture
3D printing has proved to be one of the most versatile technologies in the present day
world. Almost all kinds of materials can be 3D printed from plastic, soil, steel etc. 3D printing
has a huge impact on architecture because of the complex shapes involved in the design. In the
traditional techniques, concrete was flexible in casting solid objects, rather than architectural
details. Now that concrete has proved that it can be 3D printed, it can be easily integrated in
the construction of complex structures and shapes that are used by architects.
Artifacts made of materials such as ceramic, wood and plastic are rather expensive these days.
It takes a lot of workmanship and time to create artifacts of highest quality. Artifacts made of
concrete are usually made using molding technique which requires more man hours. After
molding is done then the specimen is polished and painted with various chemicals to render a
smooth surfaced artifact of highest quality. The technique of molding can be replaced with 3D
printing the whole sculpture. Even though the final quality of 3D printed concrete requires a
lot of improvement, the aesthetics can be achieved using very thin layers of concrete. The
printing process itself requires more time because the aesthetics of the sculpture needs to be
improved, but the whole process is automated thereby requires less labor force. Concrete is a
very durable material that makes the material versatile and long lasting for sculptures. Since
the printing is hollow, the amount of material used is less than traditional techniques such as
casting or subtractive process.
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Picture 48: 3D concrete printed artifact and canoe in Switzerland
Source: https://www.tctmagazine.com/3d-printing-news/eth-zurich-3d-printed-concrete-canoe-award-designinnovation/

The buildings that were built in the early ages of concrete construction are getting old and they
are demolished to build new buildings with demanding architectural needs. It is usually the
view of the architect and the owner would agree to and it is necessary that as engineers, we
have to meet the demands. These demands can be met by 3D printing of customized
architectural sculptures and interior decorations. The cost of making the designs with concrete
3D printers are considerably low and the artifacts are durable because they are made with high
performance concrete. The living standards and prices of apartment buildings are constantly
rising because of the increasing population. The housing demands are also increasing and
there are customers who willing to buy a well architecture house with low cost. Not only
interior but also exterior facade can also be printed and water proofed for durability.

Picture 49: 3D concrete printed outdoor furniture
Source: https://3dprint.com/tag/morpheus-bench/

3D printing concrete can be employed in two ways in construction of complex architectural
structures. In case the main frame of the structure is designed with architectural details, the
main frame cannot be 3D printed because of the concern for structural stability of high rise
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buildings. Instead, the molds with architectural details can be 3D printed with steel and used to
cast the main frame of the structure. Concrete 3D printed furniture for outdoors has become
trend nowadays because it is less expensive to make the models and the models are hollow
allowing the printer to reduce construction material in the printing process.
The second way 3D printed concrete can be used is that in the case of architectural detailing in
the buildings. In this case, 3D printing is used to print the concrete architectural details of the
structure that are not directly involved with the stability of the structure. Architectural details
are one the primary factors that improve the aesthetics of the structure. Making these complex
shapes using traditional methods are usually time consuming and labor intensive. Special
craftsmen are needed to cast these objects that are highly in demand. Employing 3D printing
concrete in these cases would consume less time and the whole process is automated, thereby
saving costs on the finished product and products delivered on time for work.

Picture 50: 3D concrete printed and assembled artifacts
Source: https://www.pcworld.com/article/2046172/emerging-objects-has-big-bold-plans-for-3d-printedrooms.html

7.3. Fiber reinforced concrete
The concrete used in 3D printing usually contains aggregates sizes smaller than 6mm
that allows the concrete to extrude smoothly through the nozzles. Concrete has proved to
withstand compression but not tension. Using of smaller sized aggregates increases the danger
of collapse of the 3D printed structure due to tension. Hence, more cement is used in the
process to achieve the required strengths prescribed in the building codes. Using of more
cement in the process increases the cost of the structure.
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Picture 51: Steel fibers that can be used in 3D concrete printing

Fiber made of plastic and steel have been used in the industry for flooring, walls and other
elements in the recent times to increase the durability of the structure. The cracks that develop
on the surface of the finished products shows that the quality of concrete used is poor or the
methods of curing the element has been poor. The usage of fiber in the concrete acts as a
bridge between the cracks developed and holds the crack together instead of widening. Since
the concrete used for 3D printing requires more strength in tension, usage of fiber reinforced
concrete would give the necessary tensional strength required for the concrete to be 3D
printed. The implementation of use of fibers in 3DCP demands for new modeling strategies in
the field. Computational tools are necessary to analyze the behavior FRC with different fiber
types. The fibers helps to reduce splitting stresses in rubber connections between printed
elements and it was proven than printed concrete with fibers allow better redistribution of
stresses in x- and y-direction (Van Der Krift, 2017). Thereby could be used in 3D printing
cantilever elements if the structure is printed with precision and supported systematically by
scaffoldings.

7.4. 3D printed formwork for construction
The Bouygues construction company has collaborated with Nantes Digital Science
Laboratory and Research Institute of Civil Engineering and Mechanics to build social housing
using an industrial 3D printer in Nantes, France. The house is 95 square meters floor area with
five rooms, curved walls, corners and openings of varying sizes. The idea is to deposit two
layers of expanding foam using a polyarticulated industrial 3D printer and using the foam as
form work. Then the reinforcement is placed and the concrete is poured into foam. After
curing the foam is not removed and it acts as insulation for the structure. This is a 3 layered
sandwich panel with two layers of foam acting as formwork.
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Picture 52a & 52b: 3D printed expandable foam for formwork in structures
Source: https://www.3ders.org/articles/20180327-frances-3d-printed-yhnova-house-to-welcome-first-residentsthis-june.html

The most time consuming process in the construction industry is the placing of formwork for
slabs, walls and columns. The method of 3D printing expanding foam can be developed in the
future for low cost housing with rapid constructions of structures. The 3D printer works with a
computer automated controlling system by placing the formwork rapidly, thereby increasing
the production for the formwork department. The layer thickness of the expanding foam
depends on the weight of the concrete that is being poured into the mold. If large masses of
concrete are poured, then thicker layer of foam has to be used to stay rigid when the concrete
is poured.

7.5. Outer-space projects
The European Space Agency (ESA) is collaborating with architects to optimize 3D
printing using local materials on the moon. The Lunar soil is the locally available material,
which can be used for constructing a base on the moon. The simulated lunar material is mixed
with magnesium oxide to turn it into a layer-by-layer buildable material and then for structural
stability, a binding salt is applied to convert the mix to a stone-like material. Laurent
Pambaguian, head of the project for ESA says, “Our industrial team investigated if it could
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similarly be employed to build a lunar habitat” and adds, “Terrestrial 3D printing technology
has produced entire structures”.
Scott Hovland of ESA's human spaceflight team said
“3D printing offers a potential means of facilitating lunar settlement with reduced logistics
from Earth" and he explains the importance of the development in the new technology as “The
new possibilities this work opens up can then be considered by international space agencies as
part of the current development of a common exploration strategy". (Soderman/NLSI staff,
2017)
The challenges in this project is that the local material available would need binders to start
the chemical reactions in the mix and use the material as a construction material to build in
outer space. However that would need admixtures and other materials to be sent from the earth
that can be proved to be expensive for the project.

Picture 53: Model of outer space 3D printing for shelters
Source: https://www.pinterest.com/pin/542894930052836067/
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8. Future of 3D Concrete Printing
technology
The modern day buildings and structures make stunning use of defying convention and
form and sometimes defying gravity. The advancement in the field of concrete technology has
increased very rapidly due to the demands for low cost, environmental and efficient housing
and other demands such as reduction of waste produced in the construction industry. The
methods such as LEAN are used to identify the places where maximum waste is produced and
finding necessary solution to minimize them.
The skylines of the 21st century cities are no longer polluted with rectilinear structures, but
curved and unimaginable designs are present on the buildings to show the richness of
architecture in the buildings. The demand for architectural importance has increased since the
past and modern day architects require experts to build their ideas into concrete and steel. The
increasing popularity of Structural Expressionism includes difficulties as the functional and
structural features have to be in order in the growing number of prestige buildings. The trends
of these architectural demands place huge need of materials and pose a range of challenges for
the construction and structural engineers. Some building designs has never progressed beyond
the imagination because of their complexity extending the current construction practices and
realistic budgets. 3D printing can bring the imagination to reality with automation and lower
costs. Automation through 3D printing also reduces waste production in construction, reduces
the use of tooling equipment for slab cuttings etc., and limiting heavy manual work to avoid
accidents during the construction works. In the sections below some analyses of how the
future of 3D printing concrete to advance are presented.

8.1. Binder jetting
Binder jetting is one of the 3D printing techniques using binder and powder based
materials. Sand printing is also a similar method of 3D printing using powder based materials
and binder. We have already seen in the above sections that powder based printing techniques
for other materials has worked well with companies such as voxeljet and D-shape.
However, the aesthetics of the printed structure needs improvement. This depends on the
nozzles sizes of the CNC machine used and the dispersion of binder through the powder based
material used. Reducing the size of the nozzles and using finer materials could improve the
aesthetics of the printing structure. In the future, this technique can be improved and locally
available materials such as limestone and other construction materials can be used to build
disaster shelters and cheaper housing in remote areas. Sand 3D printing can also be used for
printing formworks for casting concrete.
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Picture 54: 3D printed sand cast engine block using Binder jetting process
Source: https://www.core77.com/posts/71173/How-To-Find-the-Best-3D-Printing-Material-for-Your-Designs

8.2. Injection moldings and 3DCP
Injection molding is one of the oldest casting techniques for materials like plastic and
other fusible materials. Injection molding is a very commonly used method for making
prototypes o in large quantities. The process of injection moulding starts with the construction
material being pushed into the steel moulds through high-pressure vacuum. In case of plastic
the molten plastic, it is poured into the mould and cooled and the finished product is released.

Picture 55: Injection moulding mechanism for plastic granules

In case of concrete injection moulding, it would be a factory setup by producing durable form
work for construction activities using recycled construction wastes for economic and physical
52

features of the finished product. It is similar to rapid prototyping of the objects for commercial
use. Making a hybrid version of Injection molding and 3D printing concrete can improve the
aesthetics of the finished 3D printed structure. The initial cost of making the molds for the
injection molding is high, but the same mold can be used several times, so eventually the cost
of making a single piece concrete prototype reduces gradually. This method can be improved
to cheap reusable concrete formwork for construction activities or even print concrete walls
with steel reinforcements. This hybrid model could be adapted to make various structural and
aesthetical joints of a structure, mass-producing cheap and durable sculptures at low cost and
time.

Picture 56: 3D printed homes project in the Netherlands
Source: https://www.smithsonianmag.com/smart-news/netherlands-set-welcome-worlds-first-functional-3dprinted-house-2019-180969272/

8.3. 3D printed bricks and automation in laying bricks
Another possible application of 3D printing could be that the bricks and concrete
building blocks are 3D printed with recycled materials and locally available construction
materials. This can help improve the aesthetics of the finished 3D printed structure. Using
locally available materials will reduce the cost of production of elements and overall cost of
the project.
An Australian company, Fastbrick Robotics has adapted a system of laying bricks with a
model similar to 3D printing. The Hadrian X digital construction system uses robots to lay
concrete blocks as per the 3D model. The machine uses gravity for the binder to be applied on
the concrete blocks, so various types of binders can be used in this method. Improving this
method could be that the bricks or concrete blocks are printed using powder based or concrete
printing method and the Hadrian X system will lay the blocks according to the 3D model,
thereby automating most of the construction activities in the project.
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Picture 57: 3D brick laying by Fastbrick Robotics in Australia
Source: https://www.fbr.com.au/view/media-centre

8.4. Concrete recycling

In the present day world CO2 emissions has been a major factor for the global
warming issue. Almost 4-5% of the total CO2 emissions are from manufacturing cement for
industrial and commercial purposes. Recycled concrete has been used in some roads and
pavements helping reduce the CO2 emissions and reduce the amount of construction waste
produced. Managing and reducing construction waste has been one of the most talked topics in
the construction Industry. Several strategies has been introduced by construction associations
in different countries to reduce the construction waste such as LEAN etc. These crushed
construction waste can be reused to make light weight concrete molds using 3D printing
process. The recycled concrete can be also used in powder-based binder jetting 3D printing
method for reducing the amount of cement used for construction activities. The recycled
concrete can be used as a replacement for fine aggregates in few quantities.

Picture 58a & 58b: Recycled concrete aggregates and mould made of concrete
Source: Gtecz engineering
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The cost of making these concrete molds are comparatively less because the amount of
material used to make it and the 3D printer uses few amounts recycled aggregates to print the
molds. The molds can be used to make artifacts or structural elements for concrete structures.
Since the molds are made of recycled aggregates, it costs less to 3D print them and they can be
destroyed and used for other construction purposed once their lifetime is over.
The adverse effects of using 100% Recycled Concrete Aggregates (RCA) are that there were
significant reduction in properties in the concrete compared to concrete made with natural
aggregates. However, concrete made of 75% natural aggregates and 25% of RCA showed no
significant change in concrete properties (Wagih et al., 2013). Thus the concept of mixing
RCA with natural aggregates at certain ratios can be achieve with more research in the topic of
3D printing concrete with natural and recycled aggregates. The amount of 25% of RCA in
concrete could be increased up to 50% of total aggregates by researching more on different
types chemical admixtures that can be used to increase the strength of the aggregates and
concrete.
The crushed concrete rubble are also used to meet the high demand of concrete in the future.
The rubble can be mixed with natural aggregates of sized up to 10 mm for the concrete
produced for 3D printing. The mechanical properties of the crushed concrete rubble are less in
strength when compared to natural aggregates but they bind well with the cementitious
material present the concrete. This is a general initiative taken to reduce mining of natural
aggregates and meeting the demands of the future needs for concrete.
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9. Conclusion and recommendations
The 3D printing technology has rapidly changed the views on using concrete as a 3D
printable material alone. The rising populations have created housing chaos in the middle and
low class families in the housing sector. Only the rich and the powerful can spend on housing
that can have complete freedom in design and execution of the project. 3D printing concrete
has the potential to help the middle and lower class families have a house with their
customized design that is less expensive to build and environmentally friendly. The lack of
interest in this field of 3D printing concrete has made me focus on this particular technology.
This thesis begins with an introduction to the various 3D printing technologies that have been
practice with different materials such as plastic, metal and powdered materials. The following
sections focuses on the use of concrete as a 3D printing material. The requirements and
challenges in adopting concrete to 3D print have been discussed. The types of 3D printing
concrete technologies and the research and commercial projects that have practiced the
technologies have been listed. And the various possibilities of using concrete as a 3D printable
material and future of this technology has been analyzed. There are several possibilities for
this technology to develop and move into commercial markets.
However, the technology needs more resources to develop faster. The cooperation with the
academia needs to be improved. Many Universities have been involved in research on finding
the suitable proportions of raw materials used and the inclusion of recycled building materials
for the 3DCP technology. Cooperation with conventional suppliers needs to be improved and
there have been many signs of interest from larger construction companies towards this
technology. Some of the companies that have invested in development of own 3D construction
printing technologies are Skanska from Sweden, Sika from Switzerland and Bougues from
France. Companies that have invested in new 3D construction printing startups are Vinci from
France, Doka from Austria and Caterpillar in the USA.
The truth behind the 3D construction printing projects is that none of the completed projects
have been competitive so far. There might have been some saving in labour costs and
materials, but overall it has not been competitive to the traditional methods of construction. It
is evident that many companies and academia is interested in the 3D concrete printing
technology but there is a lot to be learned on this subject in the near future. It is difficult to
obtain good results and be efficient the first time. The technology has proven its potential and
will become competitive if the resources are continued to be applied. The phase of scientifical
advancement in technology has risen in the past few decades from mobile phones to artificial
intelligence. So the future holds good promises for 3D Concrete Printing.
A view into market matureness shows that it would be only a matter of time the trend in the
construction field changes. The market prices for this technology are very high at the moment
because of the less popularity of this technology. In the future the competition within
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contractors will increase due to demand in cheaper housing and the market becomes steady
and gradually grows the 3D concrete printing industry.
Recommendations:








Increased cooperation with academia for insights in new and improved 3D concrete
printing technologies.
Increased cooperation with conventional suppliers to support the development of
concrete 3D printing.
Capital and Investments in concrete 3D printing projects should increase with rising
popularity of this technology.
Integrating reinforcements in the 3D printed structure to build high-rise buildings in
the future.
Usage of recycled materials should be increased to build environmentally friendly
structures.
The trends of using concrete 3D printing will increase in the field of architecture for its
versatile nature for complex designs.
Hybrid technologies with 3DCP would disrupt the present day concrete 3D printing
methods for more efficient construction in the future.
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