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Tab.1 Chemical composition of cementitious materials

SERIT 5 E A Y
A5
KR K TR

Si0, 19.4~21.5 42~51 90~97
Al O, 4.1~4.9 27~32

Fe, Oy 2.8~2.9 7~11

Ca0 61.9~64.2 1~5.2

MgO 1.1~1.2 1~4.5

SO, 3.0~3.2 0.3~1.3

K,O 0.6~0.7 1~5

Na; O 0.2 0.8~1.7

TiO, 0.8~1.1

Cl 0.02~0.05 0.05~0. 15
e R it 2.3~4.1 <3.0
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Tab. 2 Physical and mechanical properties of Basalt fiber
B2 H 4%/ pm KR/ mm  HE/(g/em’) WA /GPa SRR /MPa HRERIRRE/ %
30~60 15 2.55 76.5 3950 2.55%
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Tab. 3 Mix proportions of 3D printed fiber reinforced ceramic concrete

s K REK BMORK WEy FEb K FRCRRIROK A KA R4

Wo 1.0 0.06 0.2 0.6 0.4 0.325 0.0025 0%
W1 1.0 0.06 0.2 0.6 0.4 0.325 0.0025 1%
W2 1.0 0.06 0.2 0.6 0.4 0.325 0.0025 2%
W4 1.0 0.06 0.2 0.6 0.4 0.325 0.0025 4%
W6 1.0 0.06 0.2 0.6 0.4 0.325 0.0025 6%
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Fig.1 (a) Particle grading and (b) water absorbing property of ceramic sand
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Fig.3 (&) Process of 3D printing and (b) final printed product
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Fig.4 Schematic of anisotropic measurement of (a) compressive behaviors
and flexural behaviors from (b) X.(c)Y, (d) Z directions; set-up of (e) compressive

strength and (f) flexural strength testing of 3D printed specimens
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Fig.5 Compressive strength-displacement curves of the three loading directions of (a)WO0, (b)W1 and (¢)W2
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Fig. 6 Stress-strain curve of W2 exposed to three loading directions from (a) X, (b)Y, (¢)Z
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Fig. 7 Force-deflection curves of the three loading directions of (a) WO, (b)W1 and (c¢) W2
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Experimental study on the mechanical
anisotropy of 3D printed concrete

WANG Li, WANG Bo-lin, BAI Gang, MA Guo-wei

(School of Civil and Transportation Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract: In recent years, concrete 3D printing technology has achieved rapid development and
application in the field of civil construction. Different from mould casting process, the layer-by-layer
process of 3D printing inevitably introduces a number of regular weak interfaces and voids into the
materials, resulting in certain heterogeneity. The steel bars cannot be inserted in 3D printing process,
while the printable fiber reinforced concrete can effectively improve the mechanical properties. In this
paper, a new kind of basalt fiber reinforced ceramic sand concrete is firstly prepared for the extrusion-
type 3D printing process. Then taking the horizontal printing layers as the XY plane, the samples are
loaded from three orthogonal directions to measure the compressive and flexural mechanical properties
of prepared concrete. In particular, an anisotropic coefficient was given to evaluate the mechanical
anisotropy. The results show that the printed specimen performs the best uniaxial compression
capacity when loaded from X direction, while when exposed to Y direction loading, the specimen
exhibits the highest bending resistance.

Keywords: 3D printing; Basalt fiber; fiber reinforced concrete; anisotropy; mechanical property



