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Test and Simulation of Impact Compressive Properties of Hybrid Fiber Reinforced Coral
Aggregate Concrete

WANG Zhenbo', LI Pengfei', HAN Yudong®, HAO Rusheng', DING Xiaoping®
(1. School of Mechanics and Civil Engineering, China University of Mining and Technology (Beijing), Beijing 100083, China;
2. Central Research Institute of Building and Construction, MCC Group Co., Ltd., Beijing 100088, China)

Abstract: To investigate the strengthening and toughening effect of fiber on seawater coral aggregate concrete (SCAC) under an
impact load, the dynamic mechanical response of SCAC with mono PVA fiber or hybrid PVA—steel fiber at different strain rates was
tested by using a ¢75 mm Split Hopkinson Pressure Bar. The impact properties and failure characteristics were simulated using a
software named ANSYS/LS-DYNA. The results indicate that the addition of fibers may improve the embrittlement degree and
dynamic mechanical properties of SCAC. The enhancement effect of hybrid fiber on the strain rate sensitivity and dynamic increase
factor of SCAC is better than that of mono PVA fiber. The damage degree of SCAC gradually decreases with the increase of PVA
fiber content, while the integrity of the hybrid fiber SCAC is better at each strain rate. The number of final deleted elements in the
simulated sample is significantly reduced after adding fibers, and the simulated results show the dynamic mechanical properties and
failure degree of SCAC with various fiber contents.

Keywords: seawater coral aggregate concrete; split Hopkinson pressure bar; dynamic increase factor; hybrid fiber; numerical
simulation
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Table 1 Chemical composition of cementitious materials w/%
Raw materials CaO SiO, Fe O3 AL O3 SO; MgO K,O Na,O
P.O 42.5 Cement 66.54 15.99 4.26 3.83 2.78 1.61 1.46
Composite mineral admixture 31.58 42.62 1.07 14.39 1.48 6.6 0.52 0.54
w—Mass fraction.
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Table 2 Physical properties of coral aggregate
Type Bulk density/(kgm’}) Apparent density/(kgm’}) Water absorption/% Crushing value%
Coral coarse aggregates 810 2018.3 17.8 41.5
Coral sand 1503 27223 6.5 13.9
3 BTGERAHENRALENEXEESH
Table 3 Physical properties of PVA and steel fibers
Type Density/(g-m™) Tensile strength/MPa Elastic modulus/GPa Diameter/mm Length/mm
PVA 1.2 1620 42.8 0.039 12
ST 7.8 2750 210.0 0.200 13
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Table 4 Mix proportions of seawater coral aggregate concrete kg/m’
Sample No.  Cement Composite mineral admixture Coral sand Coral coarse aggregates Seawater Superplasticizer Retarder
SO 466 198 557 770 243 11.057 7 0.7968

Note: Coral aggregates default to the natural moisture state.
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Table 5 Fiber addition of each SCAC mixtures ¢/%

Type S01 S02 S03 S11 S12
PVA 0.10 0.20 0.30 0.10 0.20
ST 0 0 0 0.10 0.10

Note: The mix proportion of matrixes for each group is identical to that of

S0; @: volume fraction.
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Table 7 Fitting results of parameters in Eq.(2)

Sample No. a b R Strain rate range/s "
SO 3.541 —5.620 0.749 45.0-135.0
S01 2.177 —-3.024 0.763 33.4-126.0
S02 2.863 —4.191 0.753 38.2-135.5
S03 2.380 -3.315 0.742 36.8-128.7
S11 3.141 —4.655 0.809 43.1-132.8
S12 3.878 -6.027 0.660 44.1-138.2
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Table 8 Simulation parameters of SCAC

. Elastic Shear Minimum Crushing
Sample Density/ .
5. modulus/ modulus/ plastic stress/
No.  (grem™) .
GPa GPa strain &gmin MPa

SO 2.10 39.68 16.53 0.006 4 12.85
S01 2.10 36.57 15.24 0.003 7 13.83
S02 2.10 39.46 16.44 0.004 2 15.74
S03 2.08 30.82 12.84 0.003 3 15.28
S11 2.08 43.69 18.20 0.005 4 14.12
S12 2.11 51.16 21.32 0.005 5 14.90
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Table 9 Comparison of impact test and simulation results of SCAC

Sample ] , Dynamic peak stress Dynamic peak strain
Strain rate/s
No. Test/MPa Simulation/MPa Relative error/% Test/107° Simulation/107 Relative error/%

N 40 15.93 16.19 1.63 2.46 2.08 15.45
60 22.74 24.79 9.01 2.74 227 17.23
80 43.07 45.30 5.18 6.45 4.55 29.46
100 58.01 60.50 4.29 3.11 451 45.05
130 93.29 95.30 2.15 11.97 8.95 25.23

So1 40 14.80 14.82 0.14 1.28 1.48 15.63
60 34.95 35.35 1.14 2.58 2.18 15.50
80 42.01 40.47 3.67 3.75 3.48 7.20
100 50.68 50.96 0.55 8.32 7.78 6.49
130 84.38 84.01 0.44 5.41 4.84 10.46

S02 40 26.14 26.02 0.46 1.81 1.89 4.14
60 33.17 33.22 0.15 3.55 3.92 10.42
80 58.45 60.89 4.17 3.14 3.10 1.32
100 75.34 76.30 1.27 2.98 2.45 17.79
130 126.23 124.15 1.65 8.20 6.98 14.88

S03 40 24.59 25.03 1.79 2.50 1.95 20.30
60 32.35 33.18 2.57 2.66 232 12.83
80 38.65 39.17 1.35 2.47 2.98 20.65
100 72.52 73.37 1.17 3.79 4.30 13.36
130 89.75 89.86 1.25 10.40 11.78 13.27

S11 40 30.62 31.02 1.31 2.73 3.00 9.79
60 44.78 44.68 0.22 3.70 4.51 21.54
80 60.46 59.96 0.83 3.09 3.03 2.05
100 60.89 67.50 10.86 428 422 1.40
130 102.69 105.48 2.72 7.01 7.54 7.56

S12 40 26.88 26.23 2.42 4.69 4.19 10.66
60 47.71 50.18 5.18 2.90 3.28 13.02
80 57.56 59.27 2.97 4.52 4.02 11.12
100 75.05 77.88 3.77 3.05 3.82 25.32
130 156.30 164.00 4.93 5.17 6.07 17.41
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Fig. 6 Simulated dynamic stress—strain curves of SCAC with various fiber contents at different strain rates
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#10 TRENETET SCAC MIRERY BT
Table 10 Number of final Deleted Elements of SCAC at different strain rates

Strain rate/s "' S0 S01 S02 S03 S11 S12
40 905 348 495 102 21 23
60 1999 889 696 509 102 95
80 10 754 8923 8514 9194 867 730
100 20 791 9903 9245 10 003 2797 1865
130 31865 26 771 18 045 17 442 9157 8344

40 s7! 80 s7!

100 s 130 s

(a) SO (without fiber)

405! 80 s

100 s~ 130 s

(b) S02 (with mono PVA fiber)

405! 807!

100 s 130 s™

(c) S12 (with hybrid PVA-ST fiber)

K8 ARIRAFET SCAC FIBMBIRIRGS

Fig. 8 Simulated failure patterns of SCAC at different strain rates
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