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ABSTRACT: Bridge piers typically have circular or rectangular shapes without decorative design. Prefabrication for accelerated
construction has been widely adopted in bridge structures. Cost for steel formwork is a main restriction of creative irregular shapes. 3D
modelling techniques allow creative design of columns and 3D printing provides possibility to minimize the fabrication cost. In this paper,
3D design process of bridge piers was suggested by converting 2D picture into 3D decorative shape. Formwork design using 3D printed
panels was also proposed and mock-up tests were conducted. Precast columns need accurate geometry control from fabrication to
assembly. Laser scanning and geometry control devices were adopted. Through the digitalized process of design, fabrication and
assembly, creative design of structures can be realized in reasonable cost range.

KEYWORDS: Bridge Pier, 3D Modeling, 3D Printing, Precast, Geometry Control
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(c) Smoothness by detailed panelizing

Figure 2 Process to convert 2D picture into 3D shape
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Figure 1 3D Decorative Design of a Bridge Pier
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Table 1 Numerical description of parametric modeling

Segment Component Primitive Shape Parameter Notation Numerical data Unit
Length mm
Concrete Box Wide mm
Height mm
Diameter mm
Bolt hole
; Cylinder Height mm
(inside of concrete) ¥ &
Coordinates of start points mm
Diameter mm
Tendon hole Pipe around a Coordinates of start point, control points and mm
(inside of concrete) curve end point of the control curve
FOOTING Angle of distribution Degrees
Diameter mm
Rebar; Support for Pipe around a Coordinates of start point, control points and mm
stirrup; Hook curve end point of the control curve
Angle of distribution Degrees
Diameter mm
Relnlo.rce.mem _ Coordinates of start point, control points and mm
(Longitudinal, Transverse, | Pipe around a end point of the control curve
and fortify for tendon curve 3
holes); Stirrup pacing mm
Interruption mm
Length mm
Concrete Cylinder Wide mm
Height mm
Diameter mm
hol R =
Temdo‘n voe EIe] [REET 'pef ereund & Coordinates of start point and end point mm
hole (inside of concrete) | straight line
Angle of distribution Degrees
SEGMENTAL Diameter mm
R ; ler; t Pi
GO SRER COURIET: CUpRer [59 Eleling] & Coordinates of start point and end point mm
for stirrup straight line
Angle of distribution Degrees
Diameter mm
. Coordinates of start point, control points and mm
Stirrup Pipe around a end point of the control curve
curve
Spacing mm
Interruption mm
Diameter of the first curve mm
A lofted surface ["gpane of the generatrix A graph mapper
Concrete through a set of X
Amount of control points on the generatrix
section
Distance between control points mm
Diameter mm
T hol R Pi
Smelen el Emdl [Reser 192 Ereutl & Coordinates of start point and end point mm
hole (inside of concrete) | straight line
Angle of distribution Degrees
Length mm
Grout hole for prestress )
PIER CAP | jack Box Wide mm
Height mm
Diameter mm
Rebar; Coupler; S ort Pipe around a
. 0 Lep p. . Coordinates of start point and end point mm
for stirrup straight line
Angle of distribution Degrees
Diameter mm
Coordinates of start point, control points and mm
Stirrup Pipe around a end point of the control curve
curve )
Spacing mm
Interruption mm
Diameter mm
Pipe around a Coordinates of start point, control points, and
Prestress cable mm
curve end point of the control curve
Angle of distribution Degrees
TENDON Length, Wide, Height of Box mm
. Box. Conic. and| Diameter and Height of Conic mm
Prestress jack . :
Cylinder Diameter of tendon hole mm
Angle of distribution Degrees
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Figure 4 Flowchart for Parametric modeling design of precast bridge pier



Figure 5 Machine fabricated Formwork
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(a) 3D Model ) formwork model

AN

(c) panelized formwork ) segments are attached
segments are printed to steel plate
by 3d printer

(f) pour the concrete

) steel plate is deformed
as shape of steel formwork

(g) irregular shape after curing

Figure 6 Formwork using 3D printed panels
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Figure 8 Geometry error control device
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