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Abstract: Based on the hierarchical micro-structure of
nacre, this study developed a bio-hierarchically stacking
method at a macro-scale. A series of beams were
fabricated using ultra-high ductile concrete (UHDC).
Uniaxial tensile and compressive tests were conducted to
obtain the constitutive model of UHDC. Four-point
bending tests were carried out to investigate the flexural
property of the stacked beams. The results indicate that
the flexural strength of directly stacked beam reaches

16.75 MPa, which is 1.34 times of that of monolithically
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cast beam. All hierarchically stacked beams exhibit
superior deformability, toughness and energy dissipation
capacity, even though the deflection/span ration reaches
as high as 1/50. Moreover, interlamellar sliding and
cracking branching are also observed on the hierarchically
stacked beams, which are similar to the failure model of
nacre. Finally, a theoretical model was proposed based on
the constitutive model of UHDC and verified by comparing

the experimental results and theoretical results.

Key words: nacre inspired; ultra-high ductile concrete;

stacked beam; flexural property; 3D concrete printing
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Fig.1 Dimension of dogbone-shaped specimen
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Fig. 2 Fabrication of four-point bending test beams
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Fig. 3 Test scheme and DIC measurement (unit:

mm)
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Fig. 4 Tensile stress and strain curves of UHDC Fig. 7 Compressive constitutive model of UHDC
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Fig.9 Crack pattern of four-point bending beams at ultimate state
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Tab.3 Experimental results of flexural properties of four-point bending beams

SR YA R/ ﬁﬁéﬁiﬂ RS/ ﬁ}%'?ﬂl@ SIEEiERA 5}}%?&@ FERERE )/ ﬁ?}%?ﬂlﬂ
MPa ES 0 mm £ DHI £ (kNemm ) £
7J-UHDC 12.48 1.00 9.31 1.00 1.89 1.00 227.06 1.00
7ZD-UHDC 16.75 1.34 21.18 2.27 2.40 1.27 675. 95 2.98
FS-5:5 16. 20 1. 30 24. 87 2.67 2.70 1.43 784. 44 3.45
FS-5:10 14. 21 1.14 24.62 2.64 2.40 1.27 671.62 2.96
FS-10:5 15.98 1.28 21.80 2.34 2.60 1.37 670. 09 2.95
FS-10:10 14.18 1.14 29.07 3.12 2.25 1.19 782.24 3.45
FS-10:20 9.41 0.75 19. 21 2.06 2.96 1.57 338.98 1.49
FS-20:10 14.03 1.12 20.97 2.25 2.12 1.12 592.87 2.61
F-20:20 11.18 0.90 34. 64 3.72 2.03 1.08 779.92 3.43
FS- AR 15.46 1.24 28.19 3.03 3.00 1.59 843.62 3.72

T M JER BB RE SO 2 B 25 I REFR A7 5 ZT-UHDC B2 LU fEL



%2

MR, 25 <R R E PR E (1 AR 2 o PR B A 201

2.3 BERITEERR
2.3.1 ZJUHDC M ZD-UHDC $ -85
9 R IE 2RIE AT DU, ZJ-UHDC 221
ZD-UHDC 3234 % Az W b %) J2 (6] ¥ % , 31 B3t T
IR 8 B AR TR RS o I AE AR BRR S
T, TR GRR AY SZ AR RN R TR A7 R I AR B A
UHDC 3ZH7 152 FEAK ¢ Z MOF- B e, B ATsR
A5 TP M A RIS R A B R 2, R A
BRG] 10 firw , Hob BRAS oy
MlmZJ:bG(x)xdx+fllba(x)xdr+
, ‘ (3
J _ba(x)xdx—l—J bo(x)xdx
K e b, Aoy BRSO G R A
(AR

i
W
8

&F
|
oE
=

S A
QA

Et 0

E 10 ZJ-UHDC3E#ZD-UHDC REitiTER
Fig. 10 Theoretical model of ZJ-UHDC beam
and ZD-UHDC beam
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Fig. 11 Theoretical model of FS-UHDC beam
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Tab.4 Theoretical results of bearing capacity of

UHDC beams
A .
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15 Mt AR RZE/ %
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ZD-UHDC 2795 2663 4.94
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