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Table 1 Main performance indexes of fly ash %

A Bek it FK CRN B

il
il
b

8.0 2.0 80 0.1 0.1
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Table 2 Contents of main chemical constituents of fly ash %

w(8Si0,) w(Ale3> w(F6203) w(Ca0) w(K,0) w(Ti0,)

53.97 3115 4.16 4.01 2.03 1.13
w(Mg0)  w(Na,0)  w(S0,)  w(P,0,) w(Ni0)  Hfh
1.01 0.89 0.73 0.67 0.11 0.14

R3 BFFEIEHRERE

Table 3 Main technical indexes of slag

e EmRY WHEREUY% pede M maE sk

(grem™) (m*kg™) o o ey H/% FHE% W% %

2.92 425 78 96 1.02  0.032 103 0.36

R4 AR EHAERF

Table 4 Main technical indexes of silica fume

HER I/ iiif K B/ SEPRLAR HeR iR/
(kg-m™) C pm (10*m?-kg™")
200~350 >1 600 0.15~0.20 1.5~3.5

TS bR A R 6 mm |, EAE K 18~48 wm
# 2 N4 (polypropylene , PP) £F- 4

524 % ) B NaOH Fl Na,SiO, % T /K J5 13
|, BECH 1.2, NaOH 19452 Ry 96.0% (43 Hr4ti)
SR R S AR A A A R ] 4
it 5 R Na,SiO, FH TR g £717 95 165 B4R PR W) 48
b, ATPEE I T K, HOK SR S, A R
BhA vk i EE RN A b F B Ak 2R o A
SHFS,

RS NaSiO, FZALF R 5 Fobk A3
Table 5 Main chemical composition and performance

parameters of Na,Si0,

w(NaZO)/ w(Si03)/
% %

_— Wi I 4E (1208
(30 °C)/s (grem™) FHHEH) /%

19.0~21.0 60.0~66.5 3.4 <240 0.6~0.8 =95

FTEMREE ARG e WL 6., AR &SRt
(] 435124 55 #1100 min.
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Table 6 Mix ratio of printed concrete
e B PP AR
it REK W ; . DLP PVAP_
T e BB W gy WA

0.700 0.300 0.050 1.000 0.380 0.050 0.010 0.005 0.005 0.010
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Fig.1 Preparation process of printed concrete
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Fig.2 Printing process of concrete
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Fig.3 Forming diagram of printed concrete
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Fig.4 Loading diagram of compressive strength test
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Fig.5 Loading diagram of flexural strength test
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Fig.6 Layer and strip interfaces of printed concrete
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Table 7 Test results of cubic compressive strength ~ MPa

IR SEJT AP R
W/d M x 7 Nz y 7 T Ik 27 Iz
3 17.87 14.54 15.14 17.21
7 36.41 29.34 31.48 34.34
28 51.02 45.01 48.61 50.22
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Fig.7 Development of mean cubic compressive
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Fig.8 Anisotropy of mean cubic compressive strength
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Table 8 Test results of axial compressive strength MPa

FrI ity LI /DAY

Wi M ITEME y T 2 Jr Ak
3 14.53 11.02 13.50 13.73
7 28.93 26.37 25.33 29.07
28 32.13 36.37 38.53 39.13
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Fig.9 Development of mean axial compressive

strength with age
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Fig.10  Anisotropy of mean axial compressive strength
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Table 9 Test results of flexural strength MPa
e i
W 39i/d M cJTRME yIrmma 2 Jrmmng
3 3.73 3.03 3.70 3.55
7 4.96 4.26 5.02 4.80
28 6.21 5.24 6.85 6.50
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Fig.11 Development of mean flexural strength with age
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Fig.13 Orientation distribution of fibers
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Mechanical properties of 3D printed geopolymer concrete under
different printing and loading directions

WANG Hailong'?, CHEN Yafei', ZOU Daoqin', SUN Xiaoyan'”

(1.College of Civil Engineering and Architecture, Zhejiang University, Hangzhou 310058, China;
2.Shanxi-Zheda Institute of Advanced Materials and Chemical Engineering, Taiyuan 030002, China;
3.Center for Balance Architecture, Zhejiang University, Hangzhou 310028, China)

Abstract: [Purposes] The paper aims to figure out the development regulation and anisotropy of mechanical
properties of 3D printed slag-fly ash-based geopolymer concrete with age. [Methods] The cubic compressive
strength, axial compressive strength and flexural strength of printed geopolymer concrete at different curing ages
and along x, y and z loading directions were tested in this study. X-ray CT scanner was used to analyze the
microstructure and clarify the influence mechanism on the mechanical properties of printed concrete. [Findings]
The mechanical strengths of printed concretes at 3 and 7 d were more 30% and 60% than that at 28 d,
respectively. The printed concrete had an early strength and met the requirement of concrete printing
construction. The differences in cubic compressive strength, axial compressive strength and flexural strength of
the specimens cured for 28 d in each loading direction were in the range of 3.20%-10.40%, 1.53%-7.05% and
5.10%-24.00%, respectively. [Conclusions] The printed concrete exhibited certain anisotropy in mechanical
performance, mainly due to the number and spatial distribution of defects in the material during the stacking
process of the printed concrete.
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