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Abstract : Additive manufacturing (AM, also known as 3D printing) technology is digitalized technology, making it easy to
predict and manage quality and also, have design freedom ability. With these advantages, AM technology is applied to various
industries. In particular, a method of manufacturing buildings and infrastructure with AM technology is being proposed to the
construction industry. However, the application of AM technology is restricted due to problems such as insufficient history and
quality of technology, lack of construction management methods, and certification of manufacturing products. Therefore, the
manufacture of architectural products is implemented with indirect AM technology. In particular, it manufactures formwork
using AM and injecting building materials to implement the architectural product. In this study, hybrid type material extrusion
AM is used to manufacture large-sized formwork and implement building products. Moreover, we identify factors that can
predict productivity and economic feasibility in the additive manufacturing process. As a result, design optimization results are
proposed to reduce the production cost and time of architecture buildings.
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(a) 3 axis gantry system, (b) Polymer extrusion module, (c) Machining module
Fig. 1. Thermoplastic PLA based RT-AM hybrid machine
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(a) CAD model, (b) AM part, () Machined part
Fig. 2. Test sample for hybrid MEX-AM machine
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Table 1. The production factor of additive manufacturing

Factor Symbol | Unit Calculation
Part total volume V_part i From CAD
Volume-
based Volume extrusion speed V_ex mi/sec |V_part/w_f/w_h
estimation o
imat Building time t_volume | sec V_part/V_ex
Part total length L_part mm From Gcode
Length-bg sed Traveling speed v_travel | mm/s |L_part/t_interval
estimation
Building time t_length sec | L_part/v_travel
Maximum traveling speed
of gantry v_gantry | mm/s Range
Layer interval time t_interval | sec Featu re
formability
constraints Stacked feature Feature width
formability Feature height
Feature width w_f mm Variable
Feature height h_f mm Variable
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(a) Voronoi wall, (b) Expandable block pattern
Fig. 3. Manufactured parts
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(a) flexible mold, (b) Mortar casting, () Voronoi wall (d) Assembled porous block
Fig. 4. Mortar part construction using silicon mold
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(a) build model (b) Normal voronoi wall (c) Weight reduction voronoi wall (d)
Dead volume reduction voronoi wall

Fig. 5. Modified part models
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Table 2. Production

Part Location Volume Time (hour) | i mold volume
X.Y.2) (m) AM RT (m)
(b) (0,0,35) 32.87 7 0.7 36.93
(© (0,-1000, 35) 14.60 4 1 36.93
(d) (0, 1000, 35) 26.55 45 1.1 24.99
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