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Recent Development on Reinforcing Technology of 3D Printing Concrete
Materials and Structure
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Abstract: Concrete 3D printing technology is one of the current research hotspots in the field of civil engineering. The strengthening
and toughening technologies for 3D printing concrete materials and structure are particularly important since the failure of concrete is
brittle. According to the sequence of printing and reinforcing, the advantages and disadvantages of existing strengthening and
toughening methods for 3D printing concrete materials and structure were reviewed. In addition, some technical and scientific

problems for the further study and application of 3D printing concrete were also prospected.
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Table 1 The parameters of different types of fibers
Fiber type Length/mm Aspect ratio Young’s modulus /GPa Tensile strength /MPa Reference
GF 3 300 7 3500 Hambach M.['?]
CF 6 428.6 230 3950 Hambach M.['?]
BF 6 461.5 93 4200 Hambach M.['?]
PEF 6(12) 300(600) 100 2400 Ding T
HDPEF 6 500 3000 Ogura H.*"!
PVAF 12 Daniel G.S.P
PPF 6 535.7 13.2 880 Nematollahi B.['*)

GF is glass fiber; CF is carbon fiber; BF is basalt fiber; PEF is polyethylene fiber; HDPEF is high density polyethylene fiber; PVAF is polyvinyl alcohol fiber;

PPF is polypropylene fiber.
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Table 2 Ultimate tensile strength of printed concrete

Reference Reinforcement Volume fraction of fiber/% Ultimate tensile strength/MPa Ultimate tensile strain capacity/%
Ogura HP"! 6 mm HDPEF 1.00 5.32 0.88
1.50 5.66 3.21
Panda B!"!) 3 mm GF 0.25 0.78
0.50 0.89
0.75 1.25
1.00 1.51
Zhu B RP? 12 mm PEF 1.00 5.61 3.57
1.50 5.68 9.57
2.00 5.35 11.43
Daniel G SP° 12 mm PVAF 2.00 4.20 2.90
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Table 3 Compressive properties of printed superposed column

Section size

Reference Longitudinal reinforcing ratio/% Eccentricity/mm  Reinforcing effectiveness (Compare to cast concrete)
(mmxmmXxmm)

[19] 200%200%600 1.54 0 The cracking load and ultimate compressive strength are
enhanced by 158.2% and 23.1%, respectively.

[19] @190%700 2.39 0 The cracking load and ultimate compressive strength are
enhanced by 144.3% and 36.0%, respectively.

[20] 400x400x3600 0.35 50 (small) The ultimate compressive strength is decreased by 18.6%.

[20] 400%400%3600 0.35 150 (large) The ultimate compressive strength is decreased by 1.8%.

[20] 400%x400x3600 0.35 200 (large) The ultimate compressive strength is decreased by 14.4%.
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Bl 5 TN i skid b s T B R e ) % vk Y

Fig. 5 Manufacture of post-tensioned printed concrete
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Table 4 Pull-out test between printed concrete and reinforcement

Reinforcement
Reference 0/%  0/°) 7/MPa T/Te
Series Diameter Young’s modulus/GPa Tensile strength/MPa

BosFPPZ Al @0.63 mm steel cable 420 181.6 0 0  237-3.10 049
A2 @0.97 mm steel cable 1190 178.3 0 0 133-142 027
A3 @1.20 mm steel cable 1925 156.8 0 0 1.29-219 039

Liz B! B1 @1.20 mm steel cable 860 192 0 0 4.03-4.79
Gao C*!! Cl1 @10 mm adhering sand BFRP rebar 750 40 12 0 2362 085
12 45 22.98 0.83
12 90 20.18 0.73
C2 @10 mm smooth BFRP rebar 750 40 1.2 0 21.85 0.88
12 45 19.16  0.77
12 90 17.09  0.69
Chen J** DI @6 mm steel cable rope 1570 12 0 16.05 0.76
12 45 14.91 0.71
12 90 10.42 0.49
D2 @8 mm steel cable rope 1570 1.2 0 14.37 0.73
12 45 1206 061
12 90 9.05 0.46
Wu L El @12 mm steel rebar 015 0 72 0.96
E2 035 45 7.64 0.63
E3 025 90 5.94 0.64
E4 @14 mm steel rebar 0.25 0 5.18 0.66
E5 0.15 45 422 0.63
E6 035 90 5.14 0.49
E7 @16 mm steel rebar 0.35 0 5.15 0.58
E8 025 45 4.84 0.73
E9 0.15 90 3.77 0.68

Note: ¢ is volume fraction of fiber; 7, is the ultimate bond strength between reinforcement and printed concrete; 7. is the ultimate bond strength between

reinforcement and cast concrete, 8 is the angle between the direction of printing and the longitudinal direction of reinforcement.
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