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Mechanical properties of early ages concrete under
different impact loading conditions
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(1. School of Resources and Safety Engineering, Central South University, Changsha 410083, China;
2. Hunan Key Laboratory of Resources Exploitation and Hazard Control for Deep Metal Mines,
Central South University, Changsha 410083, China)

Abstract: In order to understand the mechanical properties of early age concrete(C,) under different loading conditions
systematically, the impact compression tests of five early age concrete were conducted with a large diameter split
Hopkinson pressure bar. The results show that, the dynamic strength and elastic modulus of concrete are improved under
the impact level of 50% or 75% corresponding critical incident energy before age of 7 d, while they would decrease if
concrete suffered any impact after age of 7 d. The growth trend of deformation capacity and unit volume absorption
energy of concrete with age can be presented with a logarithmic function under single impact. While the deformation
capacity and unit volume absorption energy of concrete are affected when the concrete suffers impact at multiple ages,
and the later is even declined by 50%.
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Table 1 Concrete mixture proportions

Unit mass/(kg'm °)
w/C W,/%
Cement  Aggregate  Sand Water

0.46 397 853 786 182 4

w/c indicates water cement mass ratio; W, indicates accelerator

mass fraction.
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Fig. 1 Schematic diagram of SHPB experimental system
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Table 2 Critical failure strength of different ages concrete

under impact load

Age/d  Incident energy/J  Strain rate/s ' Strength/MPa

1 50 29 5.88
3 58 30 12.39
7 74 42 17.95
14 80 33 26.07
28 85 35 31.65
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Fig. 2 Typical waveform of compression test

Table 3 Mechanical properties of early age concrete under multiple impact loading

Elastic

Unit volume

S;r:l I;ng;:/lzt iizlr(;r/l} ri:;j:,ll St;ir;ith/ modulus/ absorbed ?glergy/ Csilrt;fr?l Failure shape
GPa J-em™)
Al 1 23 16.9 438 2.11 0.031 Intact, crack around specimen
3 39 19.1 11.8 3.12 0.080 0.0027 Fragmentation with two degrees
A2 1 18 21.1 4.46 2.56 0.025 Intact, crack around specimen
3 44 22.7 10.29 4.87 0.090 0.0029 Fragmentation with two degrees
1 23 18.7 3.53 2.24 0.019 Intact, fragmentation around end
A3 3 23 16 9.61 4.9 0.046 Intact, crack propagation
7 48 25 9.37 4.6 0.055 0.0031 Fragmentation with small degrees
1 32 20 4.56 1.53 0.031 Intact, crack around specimen
A4 3 35 20.9 8.57 5.4 0.050 Intact, crack propagation
7 51 29.6 12.92 5.8 0.088 0.0034  Fragmentation with medium degrees
1 22 15.1 3.43 1.88 0.016 Intact, fragmentation around end
AS 3 24 16.7 7.05 4.03 0.044 Intact, fragmentation around end
7 30 20.9 11.17 4.79 0.065 Intact, fragmentation around end
14 47 234 14.47 6.6 0.108 0.0033 Crush
1 24 29.5 4.57 1.19 0.033 Intact
3 26 23 8.11 34 0.057 Intact
A6 7 22 21.2 10.71 5.8 0.051 Intact, fragmentation around end
14 29 20.1 11.84 7.4 0.062 Intact, local crack
28 40 304 15.83 6.5 0.098 0.0046 Fragmentation with large degrees
1 29 33.8 4.26 1.36 0.027 Intact
3 23 23.5 9.61 3.96 0.033 Intact
A7 7 37 26.7 12.39 4.94 0.065 Intact, local crack
14 29 253 14.24 5.99 0.065 Intact, local crack
28 53 30.7 18.19 7.4 0.104 0.0044 Fragmentation with large degrees
1 33 28.6 4.9 1.73 0.029 Intact
3 37 26.8 8.8 1.79 0.058 Intact, fragmentation around end
AR 7 43 28.1 10.13 2.44 0.084 Intact, fragmentation around end
14 42 25.9 16.78 5.53 0.113 Intact, fragmentation around end
28 44 27.6 19.38 7.59 0.103 0.0043 Intact, crack around specimen
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Table 4 Mechanical properties of early age concrete under signal impact loading

Serial Impact Incident  Strain  Strength/ Elastic Unit volume Critical .
No. age/d eneray/] ratels’ MPa modulus/ absorbed ?r;ergy/ strain Failure shape
GPa (J-em™)

A9 3 21 233 6.25 1.76 0.037 Intact

A10 3 39 34.8 6.89 2.02 0.052 Intact

All 3 56 26.8 10.88 4.20 0.096 0.0036  Fragmentation with large degrees

Al12 7 31 33 7.73 2.79 0.052 Intact

Al3 7 56 299 8.89 3.37 0.076 Intact, local crack

Al4 7 61 36.1 15.95 4.34 0.109 0.0045  Fragmentation with large degrees

Al5 14 35 32 13.79 5.78 0.075 Intact

Al6 14 54 29.6 12.93 4.48 0.108 Intact

A17 14 77 40.5 20.83 6.61 0.192 0.0054  Fragmentation with three degrees

A18 28 52 253 19.67 6.25 0.168 Intact

A19 28 65 24.6 21.87 8.51 0.169 Intact, fragmentation around end

A20 28 103 32.74 29.97 8.88 0.220 0.0052  Fragmentation with large degrees
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Fig. 3 Variation in dynamic strength of concrete with age

under different impact loading conditions
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different impact loading conditions
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Fig. 6 Variation in unit volume absorbed energy of concrete

with age under different impact loading conditions
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Fig. 7 Variation in cumulative unit volume absorbed energy

of concrete with age under different impact loading conditions
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