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Abstract The introduction of robotics in civil construction will have a huge impact on society 
as it has occurred in the manufacturing industry, once certain manual practices at the construc-
tion site will be extinguished and replaced by the action of robots. These robots have the ability 
to can work straight 24 hours, stop only for maintenance and for changing the position of the 
equipment at the site. Their use can increase the performance of the work and reduce problems 
such as accidents and the lack of manpower. Automation and, in particular, robotization of civil 
construction add speed, economy and greater quality control, since the system itself can deter-
mine failures during the constructive process. Automation is linked to construction since the 
design of the project by using the Building Information Modeling (BIM), a digital software 
used for design of constructions. The use of robotic arms for wall construction and 3D printers 
for addition of mortar layers is studied worldwide, as well as the behavior of the market is 
expanding in this area. The models available in the market still demand a high initial invest-
ment, specialized labor, preventive maintenance and have range limitations. Even with its 
downsides, the automation of the construction site is necessary to change the civil engineering 
sector in a rationalized environment, with fewer accidents at work and with greater quality 
control in the product generated for the consumers. 

Keywords: Automation, robotics, automated civil construction, robots in civil con-
struction. 
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1 Introduction 

The application of automation and robotics in civil construction in Brazil is still little 
known and practicized. It could be incorporated into the routine of building construc-
tion to control product cycles, from conception to delivery of constructions, with bet-
ter organization, quality, lower costs, lower risks of work accidents and shorter lead 
times. Automation is most intensively used in project development with the use of 
computer aided design software, CAD, and spreadsheets budgeting, job site planning, 
and physical scheduling. One of the areas that has strength in the domestic market and 
can be classified as automation is the project sector, which most recently uses the 
concepts of Building Information Modeling (BIM). This concept originated in the 
1980s, but only became a major product in the 2000s. With the system it is possible to 
coordinate the work from the design phase to its completion. The project provides the 
user with the ability to visualize and define problems and future interference from 
installations and structural elements, reducing the time and costs of the project. 

Engineers involved in the construction process envision new technologies for the 
use of automation and robotics in their execution, in particular, the use of robots for 
the construction of houses.   

2 Robotic systems for construction of houses in series 

Serially constructed houses are designed to normally have the same architectural de-
sign, electrical, plumbing, sewage, gas, floor plan, number and position of windows 
and doors, slope and roof type, wall thickness and foundation type. They usually con-
sist of two or three bedrooms, one kitchen, one or two bathrooms, living room and 
laundry area. 

The construction techniques of the house use the lowest cost per square meter, so 
that the builder still has a profit in the construction of each of these units. 

The foundation of a popular house can be a radier structure, which is a reinforced 
concrete slab, through which water and sewage pipes pass. On this shallow founda-
tion is built a house of approximately 40 - 50 m2, raised with the fastest and most 
economical construction technique possible. Among these techniques are construc-
tions with the use of precast panels and also that of cast-in-place structures with rein-
forced concrete and the use of metallic forms. 

The construction technique of popular houses using precast panels manufactured in 
an off-site shed is shown in Fig. 1. These panels are transported to the place where 
houses are assembled. Some panels already were fabricated with the electrical and 
hydraulic installations already installed. After assembling the house, slab lining and 
roof, the installation process of finishing the hydraulic, sewage, electric, door, win-
dow, ceramic, finishing and final painting systems should be performed.  
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Fig. 1 Prefabricated houses. Source: [1] 

  
It may take two days to build a popular reinforced concrete house. Subsequently, 

the construction of the roof, assembly of the hydraulic and sewage pipes, electrical 
installations, windows, doors, laying of ceramics, finishing and final painting until the 
handing over of the keys may vary depending on the availability of labor used and 
schedule planning of the phases. The molding of the structures of the house is per-
formed on site using metal forms. These shapes showed in Fig. 2 can be assembled on 
a radier. Within these forms are mounted the steel rebar reinforcement and the electri-
cal and hydraulic installations. In this type of construction the assembly of the forms, 
frame, conduits and pipes can take 12 hours. Subsequently concreting is performed. 
The additive concrete can take 24 hours to cure and after this time the deformation 
can and the forms can be used in the next construction. This time takes at least anoth-
er 6 to 12 hours. Thus, the construction of the walls of the house and its roof slab take 
approximately 2 days. 

 

 

Fig.2  Forms for assembling houses. Source [2] 

In addition to these constructive methods there are the conventional methods of 
construction with reinforced concrete and closing masonry, structural masonry (much 
used today) among others.  

3.  3D PRINTERS AND ROBOT ARMS 

The housing deficit is also a consequence of population growth and migrations that 
demand residences as housing. To overcome this housing shortage, it is possible to 
construct houses in a serial manner, with higher construction speed and lower labor 
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requirements. Several solutions for building in scale production of houses are being 
developed in the market, some of which also allow the diversification of architectural 
plans. These solutions, not so far from the market, may change the current scenario. 
With the use of 3D printers, 60 m² homes can be built in less than 24 hours [3]. Be-
cause it is a programmable equipment, the architecture of each house can be modified 
before it is built. As shown in Fig. 3, this printer moves on rails and its structure al-
lows the metering system to apply concrete by performing movements on the three 
cartesian axes.  

 
Fig. 3 Vulcan 3d printer. Source: Gazeta do Povo (2018) 

 
   Among the 3D home printers, the market has adopted two alternatives, one 

using rails and a gantry that supports the mortar feeder  and the other using a rotating 
robotic arm that is positioned in the center of the building casting the concrete and 
rotating the 360º about its own axis. In Fig. 4 shows are shown both systems. 

 
 
   

 
 
 
 
 
 

Fig. 4   Left- 3D Printer with gantry. Right - robotic arm. Source. RODRIGUES 
(2015) [4] e AMÉRICO (2017) [5] 

           
Printers assembled on rails, caterpillars or wheels have the advantage of mobility, 

resulting in a virtually uninterrupted production line. In small spaces the fixed base 
robotic arms represent the best constructive alternative. Robots that print a house need 
direct labor applied to the building in its final phase such as installation, finishing and 
painting. 

Robotic systems can handle up to 3,000 concrete blocks per day, while conven-
tional labor reaches up to 500 blocks per day, representing a productivity gain of 
600% [6]. In addition to productivity, the installation of a mobile block seating system 
leads to gains in employee ergonomics and safety, reducing the risk of spinal cord, leg 
and arm injuries.    

Below are described some robots used to build houses.               
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3.1.  APIS COR ROBOT 

The Apis Cor robot shown in Fig. 5, manufactured by a Russian company, builds a 37 
m2 house [7] in less than 24 hours. The equipment, a robotic arm with a feeder, uses a 
nozzle with a valve to add the mortar used in construction. With this robotic arm it is 
possible to construct houses of circular shapes, due to the movements of the robot are 
rotational and radial. 
 

 
 
Fig. 5    Apis Cor - Robot 3D printer for house building with pumping system and mortar stor-

age silo. Source: Apis Cor 

The robot specifications provided by the manufacturer include the maximum oper-
ating area of 132 m2, the maximum printing height of 3100 mm and the effective 
printing area of 100 m2 / 24 hours, excluding door and window openings. 

Among the advantages of using this robot for the construction of houses are the 
possibility of programming for execution of architectural projects, layout and dimen-
sions of different rooms and according to the customer's wishes, faster construction of 
the house, lower risk of accidents, safer work. The robot can produce during the day 
and night, during mealtimes or during holidays and vacations. On the other hand the 
robot needs to be programmed, it can break down and needs maintenance that de-
mands specialized support. The robot has limited range and when houses are circular 
in shape, it is difficult to position furniture and mount sinks in the bathroom and 
kitchen. The robot does not yet assemble windows or doors and does not execute the 
slab and cover the house. These activities should be done manually by masons and 
carpenters. With the use time and the wear of the parts, the robot looses the precision 
and, in addition, the equipment installation must be mobilized and demobilized. To 
perform its construction task, the robot actuator needs to be referenced to a particular 
point. 

The robotic arm uses the layer-by-layer construction technique to form the 
outer and inner walls. Through this technique, called countour crafting as shown in 
Fig. 6, the walls are built in zigzag to promote greater mechanical strength, and may 
or may not include steel reinforcement.    
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Fig. 6   Technique of construction of the residence using the Apis Cor robot. 

Source: Businessinsider. House built one Day Apis Cor (2018)  

3. 2.  WINSUN ROBOT  

The WinSun robot, made by the Chinese company of the same name, is used 
for the construction of serial houses. In 2013, this company printed a set of 10 houses 
using the countour crafting technique, layer-by-layer of mortar. With this robot it is 
possible to print the structure of an entire house or precast mortar panels that can be 
used to assemble the constructions. After printing, the panels are assembled as precast 
pieces constituting a house (Fig. 7). According to the Newatlas website, the 3D print-
er has the following dimensions: 6.6 m high, 10 m wide and 32 m long. 

 

 
Fig. 7   3D printed panel with WinSun printer. Source: 3DNATIVES [8]  

3. 3.  BIG DELTA WASP ROBOT 

The Italian company WASP® has developed the 3DNATIVES robot for 3D printing. 
This 12 meter high and 7 m wide robot has 6 m long adjustable arms and is shown in 
Fig. 8. With this robot it is possible to build cheap houses in developing countries. 
The printhead of this robot can print with mortar, clay and also fiber reinforced mixed 
clay as shown in Fig. 9, to provide mechanical strength to the structure. The robot is 
made up of a 3-pillar lattice metal structure that supports 3 lattice also lattice rings. 
The robotic arms run over the pillars. At the lower end of the robotic arms is a meter-
ing element. One of the drawbacks of this robot's structure is that it is too large to be 
assembled and disassembled after constructing a house. For the construction of hous-
ing units it would be convenient that it had in its bases wheels that allowed better 
mobility. 
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Fig. 8   Big Delta da Wasp Robot. Fonte: 3DNATIVES (2018) 

      

 
Fig. 9   WASP robot dosing system. Source: INHABITAT [9] 

3. 4.  BIG 3D-PRINTER  2156 ROBOT – IMPRIMERE AG  

This Swiss robot in the shape of a 3D printer is manufactured by the company 
IMPRIMERE AG. The equipment measures concrete and allows the construction of 
houses with maximum dimensions of 5.75 x 6.00 x 6.25 m [10]. The robotic system 
travels on rails as shown in Fig. 10. 
 

 
Fig. 10   BIG 3D-PRINTER  2156 Robot   

Source: IMPRIMERE AG® 

3.5.  XTREE ROBOT 

 The French robot XTREE was conceived in 2015 with the objective of working with 
additive concrete manufacture for the construction of houses and other structures. The 
project was initially developed as an university project. This robot is a dedicated in-
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dustrial product for the construction industry and is shown in Fig. 11 where the prin-
ciple of contour crafting is shown by the XTREE robot dosing system. 

 

 
Fig. 11  XTREE Robot. Source: XTREE  

   
The printed layers are 3 mm thick [11] as shown in Fig. 12. Programming the robot 

it is possible to print only the outer walls, completely fill the element making it more 
resistant or create a pattern between the outer walls / partial fill geometry which re-
sults in a decrease in deformations. 

  

 
 

Fig. 12  XTREE robot dosing principle 
Source: XTREE  

  
Some of the XTREE robot specifications provided by the manufacturer are the 4.2 

m radial reach and 360 ° rotation angle, 6 axis rotation and 2 persons required to op-
erate the robot. 

  
3. 6.  CYBE CONSTRUCTION ROBOT 

       
Cybe Construction® is a Dutch company with the mission to develop 3D printing 
systems for building concrete printed houses. They developed the CyBe RC 3DP® 
printer. This printer needs two operators to operate it. The printer can print large 
structures in just 20 minutes because of its fast print speed of 20 cm / s (Source: 
3DNATIVES). The robot is shown in Fig. 13 and it can be noted that this robot is a 
robotic arm manufactured by ABB company. This robot can move on tracks like a 
crawler tractor. The maximum print height is 4.5 m [13]. In addition to printing house 
structures, this type of robot can also be used to manufacture water treatment structur-
al elements such as cantilever tanks, anaerobic reactor tanks and sinks.  
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Fig. 13 - CyBe robot from manufacturer ABB manufacturing a building element 

Source: CyBe Construction® 

3. 7.  CONTOUR CRAFTING ROBOT 

The Contour Crafting ® robot shown in Fig. 14 is designed for home building tech-
nology. The company was founded by Behrokh Khoshnevis at the University of 
Southern California. The goal was to create a robot that could build houses quickly 
and cheaply. The company uses a Computer-Operated Feeder System arm for 3D 
home printing without the need for labor. The working principle is countour crafting 
using mortar as raw material. Electrical and plumbing / sewage facilities can be added 
as the house is raised. The president of the company reports that such a robot is capa-
ble to print a 2000 square foot (185 m2) house in 24-hour with electrical, hydraulic 
and ventilation ducts. 

 

 
 

Fig. 14 - Contour Crafting Robot. Source: 3DNATIVES – CONTOUR CRAFTING 

3. 8.  CONSTRUCTIONS-3D ROBOT 

CONSTRUCTIONS-3D® is a French company that develops the project in conjunc-
tion with Machines-3D and Belgian architect Gaël Collaro (ANIWAA Source). The 
objective of the project is to build custom houses from locally supplied recycled mate-
rials at the construction site. The robot, Fig. 15, works on the principle of countour 
crafting deposition, in specific mortar or concrete. With the help of the robot it can 
build house structures in just a few hours. These houses may have different geomet-
rical shapes in their air-architectural design.  
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Fig. 15 - ROBOT CONSTRUCTIONS-3D principle. Source: ANIWAA [13] 

  The robot is also shown in Fig. 16 below, where the robot with four pads and a 
telescopic arm is seen to increase the dosing range. Next to the robot is a vehicle with 
a mortar pumping system. 

 
Fig. 16 - Robot from the company CONSTRUCTIONS 3D. Source ANIWAA [13] 

 

CONCLUSIONS 

 
There are still other types of robots for building houses, but in this paper we do not 
intend to present and describe all these systems, since, observing those described 
above, some of them are already structurally repeated. Houses built in series usually 
have the same architectural design so that construction is organized, reducing time 
and expense with design change. The most common layout consists of two bedrooms, 
kitchen, bathroom and living room, with laundry area. Companies that participate in 
the construction of series popular houses priorize the standardization of residences in 
order to rationalize the workforce, because with the repetition of tasks, the employee 
becomes more capable for the service, increasing productivity and reducing the risk of 
an accident at work. 

The market already offers construction alternatives that reduce time and cost like 
wood frame, steel frame, metal formwork and precast structures that take at least 2 
days to lift the walls over the shallow foundation. Even with these technologies the 
world construction market needs a more industrialized environment in order to have 
greater quality control. 
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The current scenario allows the implementation of automated systems in civil en-
gineering, transforming the construction sites into a production and assembly line of 
houses. These innovations reduce the number of labor employed and can be applied 
without interruption. The available equipment also allows the diversification of pro-
jects, without compromising the quality and rationalization of the project, improving 
the daily work with cleaner, safer and more ergonomic construction sites, contributing 
to the safety of employees. The use of 3d printers, robots, georeferencing systems and 
drones are features that help standardize processes, improving the final product deliv-
ered to the customer. The mechanisms required for industrialization of the sector re-
quire high investment, specialized labor, preventive maintenance and also have limi-
tations on the scope of 3D printers. All the disadvantages coupled with the conserva-
tism of companies prevent the spread and expansion of civil construction 4.0, pro-
posed industry-based model 4.0, which aims to create an intelligent network capable 
of highlighting, isolating and optimizing deviations from the production line. 
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