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3D printed construction and mechanical properties analysis of

unreinforced concrete arch structure

HOU Rengian®, LIN Wenyu®, BAl Gang®®, WANG Li*

(a. School of Civil and Transportation Engineering; b. Engineering Research Center on 3D Construction Printing of

Hebei, Hebei University of Technology, Tianjin 300401, P. R. China)

Abstract: This paper presents a feasibility study on 3D printed lightweight concrete arch structures, examining
three key aspects: design, construction, and load-bearing performance. Based on the characteristics of arch
structures and 3D printing technology, a segment-assembly method was proposed to realize the accurate and
fast assembly of arch structures. On this basis, five 3D printed lightweight arch structure specimens were
constructed. The influence of three conditions, namely two-point concentrated load, three-point concentrated

load, and uniformly distributed load, as well as the printing paths of “x”, “W”, and “M” cross-sections, was

studied through experiments on the bearing performance of arch structures. Additionally, the mechanical
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behavior of 3D printed concrete arch structures with rise-span ratios of 1/4, 1/6, and 1/8 was analyzed using
finite element calculations. The results show that the cooperative deformation ability of each segment and
bearing capacity of the specimens under uniformly distributed load are the best, and the compressive advantage
of 3D printed concrete materials can be fully utilized. The local collapse of the arch structure is easy to be caused
by concentrated load, and the ultimate bearing capacity of arch specimens under two-point and three-point
concentrated loads decreases by 30.2% and 14.2% respectively compared to that under uniformly distributed
load. The specimen with “M” cross section printing path has the best force transfer mechanism, and the peak
load per unit mass increases by 23.2% and 28.4% , respectively, compared with the specimens with “x” and
“W” printing paths. Within the recommended range of rise-span ratios specified, the bearing capacity of 3D

printed concrete arch structures gradually decreases as the rise-span ratio decreases. All five specimens

investigated in this experiment demonstrate good load-bearing performance.

Keywords: 3D printed concrete; prefabricated structure; arch structure; mechanical properties
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Fig. 3 Arch structure fabrication
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Fig.4 Exploration of segment-assembly methods
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Table 3 Performance parameters of epoxy adhesive
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Table 4 Test design parameters of arch structures
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Fig. 5 Dimensions of arch structure models and three

loading conditions
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Fig. 7 DIC strain nephograms of specimens
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Fig. 8 Cracks and deflection curves of test specimens
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Table 5 Normalized mass performance corresponding to

critical states of test specimens
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Fig. 12 Bar chart of key parameters for quality normalization
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Table 6 Comparison between simulation and experimental results

X e il WA {1 7 42 WA {7 00 37 58 S5

i K/ (KN/mm) - BUUE/(KN/mm)  $222/%0  WEE/KN  BHIUE/KN 222/ WEE/mm BHME/mm #2%/%
n-3 89. 80 92.86 3.4 389.61 410. 88 5.5 4.92 5.89 19.7
W-3 85. 37 85.04 —0.4 411.84 429.17 4.2 5.10 5.09 —0.2
M-3 83.78 86.19 2.9 496. 74 535.07 7.7 5.21 5.18 —0.6
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between finite element simulation and experiment
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Table 7 Parameter table for n-shaped section arch

structures with different rise-span ratios

KBS B W/ WA W1 2 %) T
(kN/mm) fif 4% /kN FEE/mm
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