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A Study on the Development of an Automated Freeform
Fabrication System and Construction Materials

ABSTRACT

Recently, the interest and demand on free formed structure providing aesthetic value as well as functionality has been increasing.
Formwork has numerous advantages such as high strength, convenience, accuracy and good quality of surface roughness.
Nevertheless, it increases construction cost and period to build complex shapes. For these purpose, deposition construction systems
such as Contour Crafting and Concrete Printing have been developed with active collaboration between university and industry by
applying the rapid prototyping technology to the construction industry in USA and England. Since there has been no related research
in Korea, the possibility of spin-off technology and its fusion cannot be expected. In this paper, design elements including mechanical
system and control system related to automatic deposition construction system prototype for constructing a free curved structure
without mold are described. As for an appropriate material for the system, fiber reinforced mortar was selected by experiments on
compressive strength, fluidity, viscosity and setting time. By performing transfer and extrusion experiments, the possibility of the
development of deposition construction system was demonstrated. Based on this research results, it is required to keep the automatic
deposition construction system improve and extend it into the new application area in construction industry.
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Table 1. Hardware and performance comparison of automatic freeform construction systems

Contour Crafting Concrete Printing D-Shape
Deposition type extrusion extrusion 3D printing
size 15mm 9mm 0.15mm
Nozzle shape square circle
number single or multi single 6300
Velocity of extrusion 20mm/sec 20min/layer
Resolution 13mm 6mm 4~6mm
Reinforcing method steel coil Post-tensioning and grouting
Compressive strength 100~ 110MPa 235~242MPa
Bending strength 12~13MPa 14~ 19MPa
Data preparation CAD — CAM STL file — G-Code file CAD — CAE — CAM
Material mortar and cement fiber reinforced mortar granular materials
(sand/stone power)
Strength smooth surface high strength, short deposition procedure high strength
- low speed
- decrease of adhesion due to - limited operating area depending on |- convex surface
Weakness . . . . . .
discontinuous material supply frame size (5.4mx4.4mx5.4m) - limited operating area
- removal of unhardened material
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Table 2. Specification of linear actuator
stroke . repetition accuracy mass
drive type
(mm) oP (mm) (kef)
X-axis | 1300 pulley-belt +0.1 16
X'-axis | 1300 pulley-belt +0.1 16
Y-axis | 950 Ball screw +0.02 24
Z-axis | 800 Ball screw +0.02 53
Table 3. Specification of motor
Rate Power| Rated revolution | Rated torque | Encoder
W) per minute (rpm) (N +-m) |(pulse/rev)
X-axis 450 3000 1.43 2500
X'-axis 200 3000 0.64 2500
Y-axis 300 3000 0.95 2500
Z-axis 100 3000 0.32 2048
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Fig. 2. Assembled 3-axis actuators
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Fig. 3. Low level controllers and PC/104 Embedded PC
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Table 4. Experiment factor and level

Type Experiment factor Experiment level
Series | W/B(%) 2 35%, 40%
Fly Ash(FA) mix(%)| 2 0, Cx30%
Blast Furnace
2 %309
Series [ Slag(BS) mix(%) 0, Cx30%
Silica Fume(SF) o
mix(%) 2 0, Cx10%
Thickening
2 0, Bx0.1%
SeriesTl Agent(%) ’
Resins(%) 2 0, Bx0.1%
Fresh mortar 2 Mortar flow test
Performance Gilmore needle test
test i
Hardened mortar 1 Compressive
strength test

(1) C: Cement, W: Water, B: Binder
(2) Binder= Cement + Fly Ash(or Blast Furnace Slag) + Silica Fume

35FA30BS30SF10
Content rate
Silica Fume

Content rate

Blast Furnace Slag

Content rate
Fly Ash

W/B ratio

Fig. 6. Indicate method for mix concrete
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Fig. 14. G-Code simulation for spiral structure
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