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Impact Resistance of ECC Pipe Piles Based on LS-DYNA
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Abstract: To study the impact resistance of Engineering Cementitious Composite (ECC) pipe piles, this paper

used ANSYS/LS-DYNA to simulate the impact of a vertical drop hammer on the pipe piles. The HJC

constitutive model of ECC was established based on key parameters obtained from static tension and

compression tests and dynamic compression tests. The correctness of the finite element model was verified by

split Hopkinson Pressure Bar (SHPB) tests. The parametric analysis conducted on the pipe pile models

compounded with different hammer mass and impact velocity yielded dynamic responses including the

displacement, time-history curve of energy, and effective plastic strain diagrams of the pipe piles under

various impact energies. The results show that under the action of vertical impact, the maximum residual

deformation of ECC pipe piles is only 66.0% of that of high-strength concrete (HC) pipe piles, and the

minimum residual deformation is only 13.7% of that; in addition, the proportion of deformation energy

released by ECC pipe piles is 6.26 times that of HC pipe piles on average. These results show that ECC pipe

piles have better damage resistance and elastic recovery ability than HC pipe piles.
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Figure 1 Pipe pile size and reinforcement (unit:mm)
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Figure 2 Geometric models
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Figure 4 Uniaxial tensile tests
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Table 1 SHPB test results
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MPa (s J1/MPa £/ %
ECC-0.2 0.2 63.2 32.6 0.799 1.03
ECC-0.3 0.3 106.3 40.4 0.981 1.28
ECC-0.4 0.4 168.9 54.6 1.924 1.74
ECC-0.5 0.5 215.1 60.0 1.863 1.90
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Figure 6 Dynamic compressive stress-strain curve of

ECC specimen
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Table 3 Density, shear modulus and strength parameters of concrete constitutive model
REEEME  o/(kgem *) G/MPa  f/MPa  T/MPa A B C N Swiax
ECC 2100 8 090 62.4 3.06 0.295 1.83 0.0067 0.63 11
HC 2 500 20 900 62.0 3.10 0.300 1.73  0.0050  0.79 7
x4 BRELIAMERRSHFESH
Table 4 State equation parameters of concrete constitutive model
TR BE+ A2 Hiock P/ MPa Herush Po/MPa  K;/MPa  K,/MPa K;/MPa
ECC 0.16 1050 0.001 7 20.80 85000  —171000 208 000
HC 0.11 3470 0.001 0 26.67 116 000 —243 000 506 000
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Figure 8 SHPB numerical model
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Figure 9 Comparison of test results and simulation results

under different impacts
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Figure 11 Time—history curve of energy of ECC pipe piles under 10 kJ and 30 kJ impact energy
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Table 5 Comparison of energy consumption results of pipe piles during impact

2 WiRE R /K] E/K] Eqma/kK]  Eq /K] Ej /K] (Eguu/ED/ % (Eq o/ EQ/ % (Egsa/Eqma)/ %
10 9.8 7.5 6.0 1.5 77.1 15.1 80.1
ECC &k
30 29.5 24.2 1.8 22.4 82.0 75.9 7.4
10 9.8 8.2 0.9 7.3 83.7 74.5 11.0
HC & hE
30 29.5 23.8 0.6 23.2 80.7 78.6 2.5
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Figure 12 Comparison of failure modes of HC and ECC
pipe piles under different impact energies
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Figure 13 Relationship between impact force and

displacement of HC and ECC pipe piles under

different impact energies
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Figure 14 Maximum axial deformation and residual
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