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Fracture layer replacement method and parameterized analysis of mode I
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Abstract; In order to test and analyze the mode 1 inter-layer fracture toughness of 3D printing carbon fiber
reinforced polymer (CFRP), and quantitatively evaluate the influence of printing parameters on the mode I fracture
toughness, then promote the application of 3D printing CFRP technology in bridge engineering, experimental and
simulation methods were used to carry out the relevant explorations, during this study. Firstly, a novel method for
preparing inter-layer pre-cracks of 3D printing CFRP was proposed, namely fracture layer replacement method.
Systematic experimental research was conducted by this method, and the influence of two types of key printing
parameters on the mode I inter-layer fracture toughness was analyzed. Secondly, based on the cohesive zone theory
and the surface-based cohesive relationship, simulation models of the double cantilever beam ( DCB) test
specimens with pre-cracks under various printing conditions were established. Meanwhile, a comparative analysis
between simulation and experiment was carried out. The results indicate that the mode I inter-layer fracture
toughness of 3D printing CFRP increases with the increase of printing temperature and printing speed, and the
effect of printing temperature is more significant. When the temperature increases from 245 °C to 285 °C, the
fracture toughness increases by 294. 6% . When the printing speed increases from 20 mm/s to 60 mm/s, the
fracture toughness increases by 27.6% . When the printing temperature and speed are increased, the heat loss of
specimen in the printing process is smaller, and the mode I inter-layer mechanical properties are improved.
However, excessive printing speed can hinder complete deposition and optimal bonding, resulting in negative
effects on the mode I inter-layer mechanical properties. Moreover, the relative errors between simulation results and

experimental data are controlled within 15% , which indicates that the fracture replacement method proposed in this
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study is reasonable and stable in terms of obtaining test data of type 1 inter-layer fracture toughness. Therefore, this

method can provide experimental technical support for the subsequent quantitative evaluation of inter-layer

mechanical properties of 3D printing CFRP bridge engineering components.

Keywords: bridge engineering; 3D printing CFRP; mode I inter-layer fracture toughness; fracture layer

replacement method; cohesion zone theory
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Fig.2  Meso-structures of 3D printing carbon fiber reinforced

polymer( CFRP)
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Tab.1 Printing parameters of specimens
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1 245 40
2 255 40
3 265 40
4 275 40
5 285 40
6 275 20
7 275 30
8 275 50
9 275 60
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Fig.4 Printing method of pre-crack specimens
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Fig. 6 Preparation for specimens of mode I fracture toughness
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Fig.7 Experimental equipment and testing process
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Tab.2 Initial interface stiffness K, and initial interface strength
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275 2.7 2.3
285 3.3 3.3
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Fig. 13  Experimental traction-separation curves with different printing temperatures
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Inter-layer fracture toughness and traction peak of specimens with different printing temperatures
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JZIRIB 1/ (m] « mm ~2)
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R T v | favcal|
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255 0.698 0. 661 0.716
265 0.744 0.731 0.688
275 1.244 1.273 1.321
285 1.272 1.278 1.429
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Tab.5  Traction peak of specimens with different printing
temperatures
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vt vl A

245 64.13 59.30 56.82
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285 132.89 123.31 112.05
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Fig. 15 Meso-structures of specimens with different printing temperatures
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Tab.6 Mode I inter-layer fracture toughness of specimens with

different printing speeds
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Tab.7  Traction peak of specimens with different printing speeds
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Tab.8 Relative error between simulation results and experimental data with different printing temperatures
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Tab.9 Relative error between simulation results and experimental data with different printing speeds
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