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Permanent Formwork of PLA Filament utilizing 3D Printing Technology
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Abstract : In recent vears, the design of buildings is changing from formal to creative and freeform. Accordingly, the scale of
construction technology is changing to architectural design and construction of irregular buildings. Using the FDM method,
which is one of the 3D printing technologies, it is possible to manufacture various forms of irregular formwork inexpensively
and quickly coMPared to the existing formwork, and it seems to be able to solve the manpower problem. Using a 3D printer, the
PLA filament formwork is produced in the form of a cylinder and a rectangular cuboid, and the usability of the PLA filament
formwork is confirmed by examining the compression strength test and the degree of deformation and reusability over 28 days
of age. Different sizes of additional specimens are also conducted according to the size. As a result of the experiment, it was
confirmed that the filament formwork itself has about 3~4MPa strength. As a result of reviewing data through existing linear
studies and experiments, it is appropriate to use more than 60% infill, and it is advantageous in terms of strength. As a result of
cutting and dismantling the filament formwork, the surface is very clean and there is no damage, so it can be reused.
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Fig. 1. 3D printer market (Wobblers Associates, 2017)
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Table 1. 3D Printer FDM technology
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Fig. 3. Global 3D printing market according to material type
(Frsot & Sullivan, 2017)
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Table 2-1. Material properties of 3D printer

Material properties

Tipe tensile strength I-zod flexural strength
(MPa) (J/m) (MPa)

PLA 53 16 60
PETG 50 85 71
Nylon 85 106 73
Carbon 56 333 89
Conductive ABS 45 85.2 37
ABS 79 20 47

% PLA : Polylactic acid
% PETG : Polyethylene terephthalate glycol
% ABS : Acrylonitrile butadiene styre

Table 2-2. PLA filament properties

Typical Value ASTM Method
Physical Properties
Specific Gravity 1.24 D792
MFR,g/10min (210, 2.16kg) 7 D1238
Melt Density (g/cc) 1.08 at 230
Mechanical Properties

Tensile Strength @ Break, psi (MPa) 7700(53) D882
Tensile Yield Strength, psi (MPa) 8700(60) D882
Tensile Modulus, kpsi (GPa) 500(3.5) D882
Tensile Elongation, % 6.0 D882
Notched Izod IMPact, ft-Ib/in (J/m) 0.3(16) D256
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Fig. 4. Formwork experiment process
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a) Cylinder model output b) Rectangular cuboid model output

Fig. 6. 3D Printer model output
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Table 3. Polylactic aicd filament properties

Table 4-3. Third experiment filment formwork production plan

Attribute Value No. Size(mm) Printer Infill(%) Form
Printer Pinter 544 / C600 A-1 150x150x300 P 40 CR
Filament PLA A-2 150x150x300 P 60 CR
Nozzle temperature 210C B-1 150x150x300 C 40 CR
Infill 20/40/60/80/100 % B-2 150x150x300 P 60 CR
Bed temperature 60T C1 150x150x300 P 40 C/R
Speed 55m/s C2 180x180x330 C 60 CR

x C: Cylinder

AlSle = 33} AIF O Infill AL} AFA I7]0] wet
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Table 4-1. First experiment filament formwork production plan

No. Size(mm) Printer Infill(%) Form
A-1 150x150x300 P 20 CR
A-2 150x150x300 P 40 CR
A-3 150x150x300 P 60 CR
A-4 150x150x300 C 80 CR
A-5 150x150x300 C 100 CR
B-1 180x180x330 P 40 CR
B-2 180x180x330 P 60 CR
C-1 200x200x350 C 40 CR
C2 200x200x350 P 60 CR
% C: Cylinder

% R Rectangular cuboid

Table 4-2. Second experiment filament formwork production plan

No. Size(mm) Printer Infill(%) Form
A-1 150x150x300 P 20 CR
A-2 150x150x300 P 40 CR
A-3 150x150x300 P 60 CR
A-4 150x150x300 P 80 CR
A-5 150x150x300 P 100 CR
B-1 180x180x330 P 40 CR
B-2 180x180x330 C 60 CR
C1 200x200x350 P 40 CR
C-2 200x200x350 P 60 CR
x C: Cylinder

% R : Rectangular cuboid

% R :Rectangular cuboid
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Table 5. Concrete mixing table

fck | Slump | W/B | Water | Cement |Fine aggregate | Coarse aggregate
(MPa) | (mm) | (%) | (ko) | (ko) (kg) (kg)

20.08 | 120 50 30 46.5 72.6 1123

¢) Day-21
Fig. 7. Filament formwork curing

d) Day-28
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Table 6. Form defornation rate

Before After
infill Cylinder | Retangular cuboid | Cylinder | Retangular cuboid
(mm) (mm) (mm) (mm)
20 150.65 150.65 150.65 150.65
40 150.66 150.66 150.66 150.66
60 150.65 150.65 150.65 150.65
80 150.66 150.66 150.66 150.66
100 150.56 150.56 150.56 150.56
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H, 2w a2 Bie FEofA] LOJLITHFig. 8).

gL T L
a) Water leakage phenomenon
(X, Infill 60%)

b) Water leakage phenomenon
(O, Infill 40%)

Fig. 8. Water leakage phenomenon of filament formwork

Table 7. Compressive strength experiment of filament form

il Cylinder Rectangular cuboid

150 180 200 150 180 200
20 7.13 - - 7.14
40 937 10.02 10.11 9.62 10.25 10.07
60 12.97 14.26 1493 13.11 14.92 14.45
80 15.12 - - 15.02
100 20.05 - - 20.32
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Fig. 9-1. 1* experiment coMParison (cylinder)
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Fig. 9-2. 1* experiment coMParison (rectangular cuboid)



Table 8. Non-stripping form compressive strength experiment

. Cylinder Rectangular cuboid

infil 150 180 200 150 180 200
20 20.18 - - 20.85

40 20.24 21.08 20.74 21.66 22.25 2228
60 25.31 26.51 2411 257 26.56 26.13
80 27.55 - - 28.05

100 30.56 - - 29.44

MFa

e 1 503150 200
e 200 %200% 250

sl § BOX1B0X 220

20 40 60 80 100

Infill {36)

Fig. 10-1. 2™ experiment coMParison (cylinder)

' 150 %1505 200
'y 1RO X1 E0X 220
200 X200% 250
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Fig. 10-2. 2™ experiment coMParison (rectangular cuboid)
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Table 9. Filament compressive strength experiment

o Cylinder Retangular cuboid

150 180 200 150 180 200
20
40 16.97 171 17.57 17.24 17.88 17.66

60 2518 24.68 24.97 2476 25.61 25.46
80
100
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