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ABSTRACT 
 

This paper deals with the design and development of a 

suitable Extruder cum dispenser unit that could create various 

material objects through a 3D printer being the modern tool 

primarily based on the Rapid Prototyping technology. Such a 

developed unit could suitably extrude the paste like materials 

used in construction as well it could also work as dispenser 

controller for some powder material sprayed layer by layer 

through its nozzle. Thus built the desired3D solid objects.  

Design of  such  an extruder cum dispensing unit consists of 

creating various of its individual  parts 3D  models  on 

computer first,   assemble each of them on computer itself 

and then carryout a  simulation study  on computer  screen 

and hence ensured its   dimensional accuracy  of the same. 

 

LITERATURE REVIEW 
  

The required literature review related to this topic 

for construction Technology has already been reported by 

Heather Head [1] covering Construction Technology, 

Construction Innovation up to year 2017. The content of the 

same is   produced here for ready appraisal only. “In 1984, 

Charles Chuck Hull invented stereolithography (SLA), a 

method of 3D printing where designers create a 3D model 

that is then printed layer by layer into a solid, physical object. 

Usually the SLA process involves pointing a UV laser at 

liquid photopolymer which makes it solid. One of the earliest 

uses for 3D printing as reported printed tabletop scale models 

for architecture firms. These models, in pre-BIM days, helped 

in the design process, and were valuable tools for both selling 

and planning building projects. 3D printing proved as a   

cheaper way to erect these scaled-down models, compared to 

the time-intensive, hand-crafted replicas that had been the 

norm previously. The advent of 3D and 4D Building 

Information Modeling (BIM) largely made the creation of 

physical models unnecessary, but many firms do still enjoy 

showing their work off this way. By the 1990s, several 

organizations began experimenting with using 3D printing to 

produce modular components of full-scale projects. By the 

2000s, these applications were in full swing and getting set to 

transform the entire construction industry. In 2006, Dr. 

Behrokh Khoshnevis of the University of Southern California 

unveiled the Contour Crafting System, an enormous 3D 

printer designed to literally print buildings in place. It works 

like a desktop 3D printer, but uses a crane to do the printing 

with concrete as the medium, to lay down a building’s 

structural elements. In 2014, a Dutch firm (DUS Architect) 

set out to demonstrate the potential for 3D printed 

architecture, by building a canal house out of 3D printed 

plastic in Amsterdam. The project uses a giant crane-like 

printing arm called the “Kamermaker,” which literally means, 

“Room Builder.” In 2015, the Dutch 3D Printing firm MX3D 

began printing a full-scale steel bridge, to be installed in 

downtown Amsterdam. When complete, the bridge will be 

fully functional. It is a proof of concept piece for the MX3D 

technology, which aims to make steel constructionA more 

cost efficient and faster. In January 2016, architecture firm 

SOM announced a partnership with the US Department of 

Energy's Oak Ridge National Laboratory to produce highly 

efficient dwelling structures consisting of a 3D printed pod 

and a combination of renewable solar and natural gas energy 

systems. While the structures are not yet on the market, they 

promise to provide a cost-effective means of providing 

shelter in formerly inaccessible and remote locations, as well 

as sustainable long-term shelter for disaster relief. In June 

2016, Chinese company Hua Shang Tenda announced that it 

had constructed an entire concrete mansion in 45 days. The 

company erected the building’s frame first, placing plumbing 

and electrical wiring, and then printed the structure using 20 

tons of inexpensive concrete and a computer-controlled 

printer. The two-story, 4,305 square foot dwelling claims to 

be earthquake-proof and environmentally friendly”. 

 

INTRODUCTION 
 

 Rapid Prototyping (RP) has been one of the effective 
tools in iterative design,  inspection and quality 
manufacturing of prototypes. Most used   method of RP has 
been the traditional machining which did undergo continuous 
advancement and  with  the advent  of computer-aided-design 
(CAD) /computer aided manufacturing (CAM) work flow, 
CNC subtractive manufacturing     came into existence  first  
and subsequently  then    following    simple   invert  process  
it further rolled out the Additive Manufacturing(AM). Owing 
to those possible interfaces now available among different 
technologies, example.   the machining process when   
interfaced  with  stereolithography (STL) or Fused Deposit 
Modeling (FDM) processed data     generated for any 3D 

https://www.sciencedirect.com/topics/materials-science/rapid-prototyping
https://en.wikipedia.org/wiki/Manufacture
https://en.wikipedia.org/wiki/Computer_aided_design
https://en.wikipedia.org/wiki/Computer-aided_manufacturing
https://www.sciencedirect.com/topics/materials-science/three-dimensional-printing
https://www.sciencedirect.com/topics/materials-science/three-dimensional-printing
https://en.wikipedia.org/wiki/Stereolithography
https://en.wikipedia.org/wiki/Fused_filament_fabrication#Fused_deposition_modeling
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solid   model on computers, AM started successfully creating 
solid objects of any complex desired shapes effectively by 
depositing the material, layer upon layer. AM has become an 
enabler of mass customization for small scale industrial 
production sector especially where small quantity of products 
must be produced at very affordable costs. Utter  ease in 
manufacturing any customized products with economy,   this   
modern tool is found to have received wide acceptance as 
well leaving tremendous impact on industrial revolution in 
automobile, aerospace, medical and others sectors. 

 

Till very recently, AM technologies has been   

looked upon by the   industries as not able to process   

materials having higher mechanical and physical 

properties.  Usher in digital era and huge digital modeling 

data handling   possibility, AM technologies   however, got   

re-defined as the tool that is offers ease in production of 

any engineering objects suiting any application 

environment and processing any customized materials. In 

reality, AM, now produces    objects    in materials as 

ceramics, metals paste and also of those polymers 

possessing adequate mechanical strength properties. 

Researchers  are  also working to  adopt  AM as  may 

handle laser aided molten glasses and hence   could create 

huge glass objects as well of complex shapes. Growing 

interest in    construction industry too now can be seen in   

adopting   AM technologies especially to deal with 

construction paste materials. 
 

 Construction Industry employs traditional concrete 

construction process which involve construction of pieces 

that are of desired shapes and built   either by cutting it 

through natural materials using subtractive technologies for 

example stone, ceramic and timber wood etc or by casting 

full shape inside appropriate moulds/ formworks pouring 

within   fresh Reinforced concrete material, these   castings 

are then left for adequate time to cure and then taken out of 

these mould/formworks for deployment. To facilitate such  

construction process the  Designers and Architects remain 

bound  in both  the situations  to choose in their projects  only  

the identical elements so  that  save on materials, labour cost 

and the heavy  cost otherwise required to incur on 

different/multiple numbers of moulds. AM technologies in 

construction industry thus can be reckoned as modern enabler 

to incorporate desired aesthetic and functional features by 

providing full freedom to modern design and Architecture of 

each structure/component in complex shapes. Any Shapes can 

uniquely now be generated layer by layer without incurring 

prohibitive costs on moulds and formworks. Associated 

development of objects and/or structures through Innovative 

manufacturing processes using   3D printers and concrete-like 

materials has recently   been reported [2-8] as some buildings 

were created using contour crafting, concrete   printing   and 

Free Form Construction etc.   

3D CONSTRUCTION PRINTING (3DCP) 
 

Using combination of digital techniques and 

cementations materials in construction   provides benefits in 

tackling complexity in construction of modern structures 

without any additional cost to the environment. Modern 

construction industry is found all set to deviate from 

traditional construction methods and adopt Digital-

Concreting process in which structures/components could 

directly be printed out in the automated process only because 

that offers substantial reduction in construction time and 

expenses, greater worker safety, better quality, reliability and 

materials saving. Study reveals that currently overall 

operating procedure in Digital Concreting that is being 

followed remains primarily as the translation of that 

widespread production scheme which is in existence for those 

customized parts being printed in polymeric martial using the 

layer extrusion technology. It is well realised that extending 

this layered extrusion technology in construction engineering 

has got manifold challenges. 3DCP can construct buildings in 

one single stage on-site by reducing use of heavy 

transportation of construction equipment, eliminating 

assembly operations, lowering labour costs with no risk of 

injuries during construction works. Direct  implementation of  

this  scheme  of extrusion for  printing   the  final  objects of 

huge construction  not only requires much larger supporting 

frames  than those used for plastic or metallic extrusion of 

objects but also require    digitally controlled moving arm 

mounted  printing dispenser (with nozzle) to precisely lay 

down mix  layer-by-layer. 3DCP enables   printing the 

customized construction elements but it also calls to arrive at 

a suitable cementicious paste material to be used to build 

structural element layer-by-layer without the use of formwork 

or any subsequent need of vibrations.   

MIX DISPENSER   REQUIREMENT 
 

This present study is a contribution to identify and 

resolve    various design and operational constraints of a 3D 

Construction Printing. The vital importance parts being   

suitable mix design and also selection of a suitable 

Extrusion/dispenser system required for 3DCP. Once 

identified the proper cementicious mix, and used the 

dispenser effectively, it is believed that such 3DCP would be 

the construction tool in all future construction works.  

MIX DISPENSER   DEVELOPMENT  
 

 The  machine is  basically  composed  of three  

main  components: the  mix tank  and  pumping  mechanism,  

the  printing  nozzle,  and  the  motion  control  system.  The  

mix  starts its  journey at the  tank and is  manually pumped  

through the dispenser to reach  the nozzle,  which is 

responsible  for a controlled pouring.  The  machine  is  used 

that   moves the dispenser in   a  tri-axial  plane  (x-y-z)  in  

order  to  print  a  3dimensional concrete element. In the ME 

Department a 3D Printer that has been developed based on 

fused deposition modeling technique and thermoplastic like 

PLA and ABS as filament in nozzle for manufacturing the 

models and product required. It is REP RAP type 3d printer 

through which various parts of the Dispensers of 3DCP 

printer is planned to be    developed. In the current study, the 

idea is to develop a dispensing system instead of using 

nozzle. The dispensing system which is held by holder 

designed to fit in as a replacement unit in already developed 

https://www.sciencedirect.com/topics/materials-science/polymers
https://www.sciencedirect.com/topics/materials-science/polymers
https://www.sciencedirect.com/topics/materials-science/concrete-technology
https://www.sciencedirect.com/topics/materials-science/concrete-technology
https://www.sciencedirect.com/topics/materials-science/concrete-technology
https://www.sciencedirect.com/topics/materials-science/reinforced-concrete
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printer   can thus be used for construction and civil 

application in addition to mechanical application also. Model  

of a 3DCP mix  dispenser generated  part by part & 

assembled  in  CREO for simulating functions  An already 

developed printer having  x y and z motion with extruder   

that    deposits  material of  this Dispensing unit will be 

developed  to  have various parts comprises of  main part 

being auger which is used to help moving concrete once  

poured in through pipe and to end at rectangle  shaped nozzle   

producing mix  strips laid for construction.  

UNIQUENESS OF DISPANSING 
 

Nozzle has been designed according to the 

requirement of making rectangular material strips of size 2x9 

mm2. The dispenser consists of cylindrical tube with an auger 

having shaft to rotate with the help of motor it consists of 

blades for proper supply of material mix flow to end at 

nozzle. It also has an attached pipe which continuously 

supplies the wet material into the auger. 

 

CONCLUSION 
 

Design and Developed of the computer based model 

for deployment in a 3d printer through another 3D printer that 

works on FDM technology is successfully carried out. The 

unit is ready for use in modern tools as application of 3d 

printing in construction. The end product of this development 

itself thus could be created successfully using FDM base 3D 

printer and it is also used in 3DCP effectively.  
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Fig: 1 Nozzle upper Auger 

 

 
 

 

 

 
Fig:  2 Nozzle lower Auger 

 

 
Fig: 3  Cylinder to support Auger 

 
Fig: 4 Concrete printing nozzle 

 

 
 

 

Fig: 7 Dispensing unit 

before Assembly 

showing  all 

Component 
 

 
Fig: 5  Shaft Nozzle cap 

 
Fig: 6  Washer for support 

  

 

   
 

 

     Fig: 8a Model Assembly      Fig: 8b Wireframe model  
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