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Abstract 

As the raw material of 3D printing construction components, the research and 
application of construction waste in the field of 3D printing device and materials are still 
on the initial stage, and its application prospects are very broad, it can provide a new 
application direction for the recycling of construction waste resource, and also help to 
broaden the application field of 3D printing technology and device system. The paper 
analyzed the application directions of 3D printing technology in the recycling of 
construction waste, combined with the selection of the printing and forming process 
with construction waste as raw materials, explored and studied the 3D printing 
equipment system of construction waste, designed a prototype of 3D printing device 
with feeding system and printing system as the main components, and it analyzed the 
performance requirements of 3D printing paste of construction waste. 

Keywords  

3D printing; construction waste; device system. 

1. Introduction 

Construction waste is the spoils, waste materials and other wastes generated during the 
construction, reconstruction, extension and demolition of various buildings, structures, pipe 
networks, etc., as well as in the process of decoration of houses of residents. At present, the 
disposal of construction waste mostly adopts the centralized landfill method, which occupies a 
large amount of land resources and cause burden on the environment. Because the difficulty of 
classification and treatment of construction waste is big, the cost of classification and recycling 
is also relatively high. 

3D printing technology is a rapid forming technology based on digital models, and it has 
developed rapidly in different fields due to its advantages of rapid forming, simple operation 
and good precision. At present, the automation level of the construction industry is still lagging 
behind in comparison with other industries, with the transformation of the concept of 
engineering construction in the world, especially in developed countries, the realization of fast 
and efficient automated construction has become the development trend of the world 
construction industry. Building 3D printing technology is a high-tech automated construction 
technology produced in recent years, which has broad development potential, and it is very 
necessary to conduct systematic research on it. The construction industry adopts the 
construction waste 3D printing technology to build industrial buildings and civil residential 
building components, which is not only intelligent, environmentally friendly, safe and fast, but 
also low in cost, it can realize obtain using local resources and has broad development prospect. 

2. The Application Direction of 3D Printing Technology in the Recycling of 
Construction Waste 

For the treatment and utilization of construction waste, the construction waste can reach 
certain performance indexes by adding additives and applying other technical means, the 
manufacturing of material addition is carried out through 3D printing technology, some 
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temporary construction facilities on the construction site can be directly built, such as walls, 
guardrails, signs. After the project ends, materials can be restored, 3D printing technology can 
be reused, landscapes or other supporting facilities can be printed. 

3. Selection of 3D Printing and Forming Process of Construction Waste 

Scholars at home and abroad have conducted a lot of exploration and research on the 
application of 3D printing technology in architectural construction, after continuous 
development, various specific building 3D printing technologies have been derived. According 
to the forming method, at present, process of architectural 3D printing technology mainly 
includes selective bond printing and extrusion curing printing. 

Selective bond printing is the process of to print architectural entities when selectively bonding 
and curing powdery materials layer by layer with adhesives. Extrusion curing printing is a 
printing process that extrudes a jelly-like material through a nozzle and then builds up layers 
to the desired height. 

The two processes have their own features, selective bond printing is suitable for printing 
special-shaped buildings, but requires more materials as an auxiliary when printing and 
forming; while extrusion curing printing is more conform to the existing construction mode, it 
is similar to the structural construction of traditional cast-in-place concrete. For the research 
on 3D printing with construction waste as the main raw material, based on the consideration 
of the performance of the raw material and the orientation of environmental protection, the 
forming process is suitable for the extrusion curing type. 

4. System Design of 3D Device of Construction Waste  

The extrusion forming 3D printing device system of construction waste is mainly composed of 
two parts: the feeding system and the 3D printing system. Based on the technical route of 
extrusion curing forming process, the feeding system mainly includes feeding module, mixing 
module, discharging module and control module; 3D printing system mainly includes motion 
module, control module, extrusion module and data processing module. After the matching 
among the modules, the operation of the construction waste 3D printing equipment is realized. 
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4.1. Feeding system 

The feeding system of the construction waste 3D printing device uses the PLC module to realize 
automatic control, the raw materials are transmitted to the mixing module through the feeding 
module, mixed according to the performance requirements and form the printing paste, and 
then the finished components are printed through the discharging module. 

The feeding module adopts the belt conveyor system to transmit the pretreated construction 
waste, when the feeding weight of the feeding belt to the mixer reaches the set value, the mixing 
module rotates forward and for a certain time (set independently to achieve mixing dry 
material well), stop rotating and add water at this time. When adding the set amount of water, 
stop adding water, and the mixer starts to rotate forward. After mixing for a certain time, stop 
mixing, pause for 5-10 seconds (because of inertia, the mixer cannot be stopped immediately), 
mixing reversely, after mixing reversely for a certain time, the system judges that the mixing is 
complete. At this time, the valve of the feeding port is opened to start feeding, at this time, the 
mixer is still in the reverse state, so that the mixer can quickly discharge the material, discharge 
material for a certain time (set by yourself, so that the material in the mixer is completed), the 
mixer stops mixing, and the material discharge valve begins to close, after it is closed in place, 
the feeding belt starts to run and enters the next round of feeding cycle. 

4.2. 3D printing system 

The 3D printing system of the construction waste 3D printing device combines the automated 
numerical control machine with the construction machinery, its four components are 
coordinated with each other to realize the automatic control and sequential movement of each 
device, and improve the processing efficiency. 

The data processing module is used to convert the digital model into printable unit after 
analysis and calculation, and output it to the control module; the control module is the core of 
the system, the numerical control system that can integrate one or more mechanical devices is 
used; the motion module is used to receive instructions of the control module, make various 
complex movements such as straight lines and curves, the extrusion module realizes the 
matching of the nozzle and material properties of the 3D printing paste and uniform extrusion 
forming. 

The printing system of the construction waste 3D printing device should have the following 
functions: 

(1) Microprocessor: the microprocessor is the brain of the control module, and its performance 
will have a direct impact on the performance of the control system, therefore, the control 
system should have powerful microprocessor. Moreover, the microprocessor should also have 
the function of managing the human-machine interaction interface. 

(2) External input function: the control system should have the function of receiving external 
data and have corresponding data interfaces, such as serial communication, USB 
communication, etc. 

(3) Code interpretation function: the control system should be able to recognize the code, and 
can directly interpret the code as the control flow recognized by the motion control. 

(4) Axis linkage function: the control system should be able to control the machine tool to 
realize triaxial uniform motion, position motion and zero return motion of X, Y, Z, and can 
control the machine tool to realize triaxial linear interpolation of X, Y, Z and any the circular arc 
interpolation motion of any two axes. 

(5) Processing of mechanical signals: the control system should be able to effectively process 
mechanical signals such as stop signals, limit signals, and origin signals, and some abnormal 
signals such as alarm signals and emergency stop signals. 
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(6) Human-machine interaction interface: the control system should have good human-
machine interaction interface, so that the user can operate each functional module of the 
control system through the human-machine interaction interface. 

4.2.1. Motion module 

In the control system of the construction waste 3D printing device, the motion module is the 
basic component to realize 3D printing, and the X, Y, and Z axis movements are the basic 
conditions for the construction waste 3D printing system to conduct 3D architectural printing. 
The X, Y, Z axis motion system used for architectural 3D printing based on extrusion curing 
should meet the following basic functions: 

(1) The X axis and Y axis form the plane scanning motion, and the Z-axis robotic arm is driven 
by the servo drive motor to move perpendicular to the X and Y plane. 

(2) The structural components of the X, Y, Z axis motion system should be simple, lightweight, 
easy to install and disassemble, and have good site adaptability. 

(3) The structural components of the X, Y, Z axis motion system should have high strength and 
rigidity to meet the load of the structure itself and other work needs, and should have high 
precision to meet the requirements of precise construction. 

4.2.2. Extrusion module 

The extrusion module is a component module directly related to the forming effect, according 
to the basic principle of 3D printing of construction waste based on extrusion curing, the 
extrusion system of construction waste 3D printing mainly realizes the following functions: 

(1) The mixed construction waste paste is pumped through the pipe at constant speed and 
extruded from the nozzle, there is no pipe blockage, slurry leakage, and no eddy current during 
the pumping process. 

(2) The opening and closing of the pumping should be able to be automatically controlled by 
the numerical control program, and the dynamic adjustment of the pumping speed can be 
realized manually. 

(3) Since the extrusion module is to extrude jelly such as construction waste paste, it should be 
easy to clean. 

According to the above requirements, the extrusion module of the construction waste 3D 
printing device should include three main parts: pumping device, tube, and nozzle. The 
pumping device adopts the screw pump, the screw pump is a positive displacement rotor pump, 
which is mainly composed of the motor, screw and liner, the sealing cavity can be formed 
between the screw and the liner, the motor drives the screw pump to rotate to cause the change 
of the sealing cavity to suck in and extrude the mortar. The biggest feature of the screw pump 
is that it can transmit the medium uniformly and is not sensitive to the consistency of the 
material. Therefore, the screw pump can meet the requirements of the extrusion module for 
the pumping device. In addition, in order to make the speed of the screw pump motor adjustable, 
the frequency converter can be integrated with the screw pump motor to achieve the purpose 
of manually adjusting the speed. In order to make the opening and closing of the screw pump 
can be controlled by the numerical control program, the numerical control system is integrated 
with the drive motor of the screw pump, so achieve the purpose of automatically controlling 
the opening and closing of the screw pump. 

4.2.3. Data processing module 

Data transmission and processing structure, this design adopts the single-chip microcomputer 
to transfer data from the upper computer to the lower computer, program and write the 
trajectory program of the printer in the single-chip microcomputer, transmit it to the lower 
computer to realize the motion of the printer, 
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the data processing is mainly based on the set layer thickness, layer direction, offset spacing, 
offset times, filling spacing and other parameters, the system processes the design model by 
layers, and carries out path planning, so that the 3D printer can move based on the established 
program route. 

4.2.4. Control module 

The control module converts the compiled and processed digital model data into a series of 
mechanical signals of 3D printing device, and controls the equipment to complete the physical 
printing, which plays a decisive role in the printing accuracy. 

5. Performance Requirements of Construction Waste 3D Printing Paste 

The raw materials required for 3D printing come from the construction waste and ordinary soil 
at the construction site, and these materials do not have certain impermeability, anti-dredging 
and frost resistance, so a lot of experiments are needed to determine the ratio of slag and 
additives in the process of material processing, so that the soil cohesion can reach the standard 
of 3D printing technology, the soil strength can reach 10-15Mpa, and the impermeability, anti-
dredging, and frost resistance can reach good standards. 

The following properties need to be considered as much as possible when making material 
ratios for construction waste 3D printing materials based on extrusion curing: 

(1) Extrudability. Extrudability is the capacity where freshly mixed jelly can reach the nozzle 
smoothly and continuously through the hopper and pumping system and extrude from the 
nozzle at a uniform speed. 

(2) Constructability. The constructability of building materials used in architectural 3D printing 
is the capacity where the material can form self-support and to support the properties of the 
printed material. 

(4) Workability. Workability is that the newly mixed jelly is easy to operate in each process 
(mixing, extrusion, etc.), and can obtain uniform quality and compact performance, its meaning 
includes fluidity, cohesion and water retention, it is also called as the workability of jelly. 

6. Summary 

3D printing of construction waste is not only a new construction method, but even a 
construction mode which departs radically from the tradition, it is sturdy and durable, 
environmentally friendly, efficient and energy-saving, not only liberates manpower, but also 
greatly reduces construction costs. 3D printing technology of construction waste can 
organically combine building construction and environmental protection to achieve green and 
intelligent construction. In addition, the multi-functional 3D printing system of construction 
waste is further optimized and upgraded, and used for temporary construction facilities on the 
construction site and the manufacturing of prefabricated parts, in order to achieve the goal of 
reducing construction costs, energy saving and environmental protection. 

Moreover, we realize that there are still many problems that need to be overcome and further 
studied in the research process of 3D printing technology of construction waste. For example, 
the positioning and deviation correction during the operation of the device needs further 
research; the stability of 3D printing machinery and equipment still needs to be improved, and 
the performance and curing parameters of the 3D printing paste of construction waste need to 
continue to be optimized in order to achieve more rapid forming and rapid improvement in 
solid strength. 
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