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Fig.1 Three point bending experimentation of
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Fig. 2 Load device of experimentation
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Tab.1  Strength recovering ratio of samples before

and after repairing
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Fig.3 Evolution of acoustic emission hits recorded

by transducers
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Fig.4 Load and AE hits for self-repairing concrete
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Tab. 2 Repairing strength of concrete and Felicity ratio
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Fig. 5 Wavelet decomposition detail of AE hits at level 5
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Fig. 6 Acoustic

emission waveforms of

self-repairing concrete of Stage 1 damage
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Fig. 8  Acoustic emission characteristic waveform

of Stage 2

B9 B2 F RS AR R B R AT
Fig.9 Time-frequency analysis of acoustic emission

characteristic waveform of Stage 2

5B 1 A b, B B B AR SE . 7 32~1 024
kHz WA 534 . K& 73 5 #E 128 ~512 kHz
036 B, e AT 36 1 024 kHz. 6 Bl 14 9 35 F 1
BT B, WL R BLE AT
M REGE I R AT E Y R, st 2 Ut B Bt 2 23
BER) PR Y R B B 7% W 4% 1Y) 7 AR R XA B B
PR FHE 5 i E R UE.

4 &

(1) A &A1 B BR AR 28 ) b 5 TR 8E 1
REJEL R 3020, 75 & SHRRE 2 8RB W5 ME B R AE A
AR BE A r 805 A2 k. B A 1505 0 IR R O G
RFAIE 2 B30 (8B Ok B K, 78 A6 TE IR 2. g A,
SRR S R0 At 26 A 2t 2 B R A A2 4
KR,

(2)iz FH P ZE R N FT Felicity 2V BE 1% B W
by ) VB A RO Y 0 IR A ROR B, Felicity
RO R Y S 5 S AR 22 L L S AL R

(3) X P A SR AIE S B AT /N BT 5 43 il L g
fi B K] 23 A ) B 453 03 B B o AS [ 453 43 B B
FRY P R SRR R AT /0N BB I 43053 AT s D I 7R e S
T i A A5 0 B %) 1 o, R R 7 O T A
A [v) 1) 458 0 B B HG P SR 5 A R Y 22 S

%% SCik -

[1] Carolyn D. Matrix cracking repair and filling using
active and passive modes for smart timed release of
chemicals from fibers into cement matrices [ J]. Smart
Materials and Structures, 1994, 3(2):118-123.

[2] Yuyama S, Yokoyama K, Niitani K, et al. Detection
and evaluation of failures in high-strength tendon of
prestressed concrete bridges by acoustic emission
[J]. Construction and Building Materials, 2007,
21(3) :491-500.

[3] Philippidis T P, Assimakopoulou T T. Using
acoustic emission to assess shear strength degradation
in FRP composites due to constant and variable
amplitude fatigue loading [J]. Composites Science and
Technology, 2008, 68(3-4) :840-847.

[4] Georg K K, Thomas V. Classification of the damage
condition of preloaded reinforced concrete slabs using
parameter-based acoustic emission analysis [ ] ].
Construction and Building Materials, 2010, 24 (12) .
2332-2338.



706 X % ¥ LT kK ¥ ¥ #H %52 %

[5] Santosh G S, Chandra K J M. Fracture behavior of A (D], v AR R % AR IE Tk K 5, 2006 :54-56.
concrete-concrete interface using acoustic emission KUANG Ya-chuan. Smart concrete and structural
technique [ J ]. Engineering Fracture Mechanics, member study of damage self-repairing of smart
2010, 77(6):908-924. concrete [ D ]. Harbin: Harbin Institute of

(6] REX.E .= RELREIARMHT Technology, 2006:54-56. (in Chinese)
FHERFRSEEREFRL] AT REHR, (o] &) 2R, RELMEIERN S Felicity 3 5
2009, 42(7):21-27. *AWRB AT B FEF, 1997, 16(6):30-33,
WU Sheng-xing, WANG Yan, SHEN De-jian. J1 Hong-guang, LI Zhao-ding. Experimental study on
Experimental study on acoustic emission the relationship of Kaiser and Felicity effect in
characteristics of the damage process of concrete and concrete material [ J]. Applied Acoustics, 1997,
its components under uniaxial tension [ J]. China 16(6) :30-33. (in Chinese)

Civil Engineering Journal, 2009, 42 (7).:21-27. (in [10] MA X, Peyton A ]J. Feature detection and

Chinese) monitoring of eddy current imaging data by means of
(7] & E2F Xl R % FAAFAHGES EAEE wavelet based singularity analysis [J]. NDT and E

ARELpNRELIRGHATEETHI]L TES International, 2010, 43(8) :687-694.

%, 2008, 25(1) :186-191. (1] m MW, ZRRA. AEINEESTRENAHES

ZHU Hong-ping. XU Wen-sheng, CHEN Xiao- FE M AL &3 54 F, 1997,

qiang, ef al. Quantitative concrete damage evaluation 16(4):23-30

by acoustic emission information and rate-process XIANG Yang., CAI Yue-bin. Application of wavelet

theory [J]. Engineering Mechanics, 2008, 25 (1) transform in singularity detection and transient

186-191. (in Chinese) analysis [J]. Journal of Vibration and Shock, 1997,
(BJERZ). AHREAGAA RN LRI L RELEMN 16(4):23-30. (in Chinese)

Damage evolution monitoring and evaluation of self-repairing concrete

using acoustic emission technique

LI Dong-sheng™', KUANG Ya-chuan’, HU Qian'

( 1. School of Civil Engineering, Dalian University of Technology, Dalian 116024, China;
2. School of Civil Engineering, Central South University. Changsha 410083, China )

Abstract: The concrete ultimate load capacity is improved through self-repairing. Because there is a
dearth of studies regarding damage evolution of self-repairing concrete, acoustic emission (AE)
technology is presented to monitor its evolution process. The full-process damage of self-repairing
concrete is monitored under three-point bending beam testing using AE technique. It is found that the
initiation, propagation and evolution of self-repairing concrete cracks can be described using AE hits.
Firstly, the corresponding relationship between the AE hits and load is testified by comparing with
their embraceable curve. Secondly, the repairing effect of self-repairing concrete is judged using
Kaiser effect and Felicity ratio. Finally, the different damage types of AE waveforms of self-repairing
concrete are extracted and analyzed using wavelet singularity theory. The damage causes are analyzed
according to the waveform frequency distribution. The testing results show the AE technique can

provide a new testing method for self-repairing concrete damage judgment.

Key words: self-repairing concrete; acoustic emission; wavelet analysis; damage evolution; safety

evaluation



