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Avalanche statistical characteristics of acoustic emission signals

of concrete under uniaxial compression and splitting load

CAO Xuepeng, ZHAO Yunfeng, WANG Lizhu, CHEN Minghui, ZHANG Jiale
(School of Urban Construction, Yangtze University, Jingzhou 434023, Hubei, P. R. China)

Abstract: The avalanche characteristics of the destruction of porous dielectric materials are closely related to
their failure mechanism. To investigate the avalanche characteristics of concrete during tensile and compressive
failure based on acoustic emission statistics, concrete uniaxial compression and Brazilian splitting tests were
carried out, the acoustic emission signals in the loading process were monitored, and the statistical
characteristics of the acoustic emission signals such as amplitude, absolute energy, duration and waiting time
were compared and analyzed. The results show that the maximum acoustic emission energy is distributed near

the peak stress, but the number of signals in the splitting process is much lower than that in uniaxial
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compression. The b-value increases first and then decreases, and the 6-value decreases earlier and the change
range is larger under splitting failure, indicating that the large cracks appeare earlier and are more easily
destroyed. The probability density distributions of absolute energy, amplitude and duration of acoustic emission
in response to tensile and compressive failure conform to a power law. However, the corresponding avalanche
exponent values are different, which is related to the failure mechanism during the process of failure. The
absolute energy distribution of the splitting failure is found to be in close proximity to the pure power law
distribution, while the compressive failure is consistent with the damped power law distribution, and the
corresponding absolute energy exponent value is found to be larger. indicating that the proportion of large energy
signals in the specimen increases with the increase of load. The probability density distribution of waiting time
under tensile and compressive failure is found to be similar, thereby demonstrating the stability and the
applicability of the statistical law.

Keywords: concrete; uniaxial compression; Brazilian splitting; acoustic emission; avalanche characteristics
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Table 1 Chemical composition of the cement

o JU i 53 o i 5y o T i 53
/% /% /%
Sio, 20. 40 MgO 1.31 K,O 0.28
ALO, 5.14 Ca0 62.80 SO, 2.48
Fe,0, 4.40 Na,O 0.42 LOI 2.77

T : LOI=loss on ignition (L) .
*2 BELIEAL
Table 2 Mixture proportions kg/m?®
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Fig.1 Loading test diagram of specimens
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Fig. 2 Schematic diagram of specimen loading and AE signals
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Fig. 3 Curves of concrete stress and AE parameters
with time under uniaxial compression and Brazilian

splitting failure

2.2 RIERIRT b EE LKA

b AEME &k B X iR A I 5, R 7R
w2 B RH 1 11 B S R T R R R
TSR B L BN I RSO AL R AL o b (E R
FARE PR = A2 /N AT, & (BB /IN IR PR 7 A R A
Pio PHIE, X & A8 19 BT 58 B 4R 5 1R BE 1 i R i 7

(B AR S PRIE R B R 2 R AR
MNUEEAEL I T 6 (8 2090 T Uy, i B R 10 385 1 06 L i
T8 20%0 , F 4 BE o3 S A Be o 7E4% 0 1 BB
Ak gy B 1) 2 A 30 o3 K R R TR 25 20 O 5 A B BL
AR f5 /Iy 3R R A B B o B, 23 AT A TR
B B T 15 oA 7 A 40 105 1 O

Adb
lgN=a—16 1
ST R

P N IE A KT Ag/20 (75 & 55 3518 BRI
a KB Ay NS R SR R SR AR, AP BRI R 5 dB.

Pl 4 (a) g B3l e 46 8 R T L o (6 B B ] 1) 22 Ak
Mk, o (BRI L TG TR, FERT80% 6,
By B TR R A P e A /N A R A RE et g b
fRRE AR 5 o5 oo, OB K. Bl /N8 R
Bl YR, K RCF g0l B, B R e, &
R M55 5w, o fE /N . B4(b) N EFEEF R
IS7 3 L 6 B B S 0] f4) A8 £k i 2% L B B3R R b (8 TR] FE
o T Al N o S IR A ) | G2 R o
600 G B B, FL P9 HB LA /INZEE O BRI BE B 4K
A AR RS S R, o (B K . BE R R ST
K, B KL, mRe AR i b, o (b
AEF T SRk e IR A B 2 ey 8 1R o A Ak i
BER L BEBH N R AR T B R 07, W) B, B E T TR
BE LAY, RPN, o H TR, UL IIR

o — 120
25 | ——bfi
15
20}
:55
Z 15 o
3 15 0SS
& 10}
05
5k
. . L + L : 0.0
0 100 200 300 400 500 600 700
I )/s
(a) ol & 45
251 120
)
—=—bff{
20
15
£1s
g o
10
{05
05
0.0
0 50 100 150 200 250 300 350
s TH)/s
(b) ELPTEF 2L
4 BIFEHFMEASNWEATERELNbE
i B 18] B9 25 4K i 2%

Fig. 4 Curves of concrete stress and b-value with time
under uniaxial compression and Brazilian

splitting failure
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