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Feasibility Study on Deterministic Failure Prediction by AE
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Based on the parameter analysis of Acoustic Emission (AE), the decrease
in the average frequency and the increase in RA value are confirmed to be applicable to the failure
prediction. With relation to an application of the earthquake prediction, diagonal-shear failure in

a reinforced concrete beam (RC) similar to fault motion is studied, applying the SiGMA analysis.
Thus, nucleation of tensile cracks in the early stage of shear failure is clarified. Crack
classification by AE parameter analysis is applied to concrete structures under traffic loads. It
is found that the time for repair could be estimated quantitatively by periodical measurements.
Associated with a deterministic prediction of failure, an infra-dock is proposed for the prognosis

of concrete structures in service.



AE

1) K. Ohno and M. Ohtsu, “Crack

Classification in Concrete based on AE,”

Construction and Building Materials, Vol.

24, Issue 121, 2339-2346, 2010

RILEM TC212-ACD
RILEM
2) M. Ohtsu, “Test Method for
Classification of Active Cracks in Concrete
Structures by AE,” Materials and
Structures, No. 43, 1187-1189, 2010

AE
Pseudo-Brittle Meso-Scale
RILEM
Recommendation 2
RA
1)

AE

SiGMA (Simplified Green’s

function for Moment tensor Analysis)

3) M. Ohtsu, ”Simplified Moment Tensor
Analysis and Unified Decomposition of AE
Source,” J. Geophysical Research, Vol.
96(B4), 6211-6221, 1991

AE

SiGMA

Pseudo-Brittle
AE

Pseudo-Brittle

Meso-Scale
(nucleation)
(coalescence)
(AE)

Meso-Scale



Average frequency (Hz)

80

TO

[ile}

50

40

3o

20

10

2010 -1
RA
Citation 81
Type of 4F sensor Tensile crack  Shear crack
I 15 kHz resonance [m] u
60 kHz resonance o] L]
| 150 kHz resonance & J
i Tensile crack 1
shear crack
1 1 1 1 1 1 1
0 1oo 200 300 400 BOO GO0 TOO 8OO
F.& walues (ms/V)
-1 AE
AE
AE

AE
SiGMA
(1) AE
-2
Stage 1 Stagc 2 Stagc 3
25 180
— RA
20 L — _ AFRQ 1 150
= 120 %
(\3), 15 %
E —~ ~ 4 90 ?
Z 10 f S
1 60
N
3 30
0

. . L . . . . . L d oo
0 10 20 30 40 50 60 70 80 90 100 110

Time (sec)

(A-FRQ) RA

(2) SiIGMA

SiGMA

(5) M. Mondringin and M. Ohtsu,”AE
Indices for Characterization of Concrete
Failure Process,” Proc. of Progress in

Acoustic Emission XVI, JSNDI, 2012, pp.



19-24.

SiGMIA

ETensile Wmixed-mode o Shear

AF Indices

-3
3
SiGMA
SiGMA
SiGMA
(4)
6Y)

(1) AE
-2
RA
2 SiGMA
SiGMA

=

~

E

g

I

5

=

0 5000 10000 15000 20000
Time (sec)
200 T T T
L Zone 1 4

— 100 _: ..... 4
i -7 =
2
o
<

0
0

5000

10000
Time (sec)

15000

20000

AE



3

(4)

AE
-4
Zone 1 RA
Vol. 64,

No. 3, 2015, 106-112

(PiBEM)

( ) 15

2015, 65-70

( ) 15  2015,229-234

M. Ohtsu, Basics and Applications of NDE
based on Elastodynamics toward Infra-Dock
for  Concrete  Structures,  Emerging
Technology in NDT VI, (Reviewed), 2016,
31

A. lIshibashi, K. Matsuyama, N. Alver, T.
Suzuki and M. Ohtsu, Round-Robin Tests in
Damage Evaluation of Concrete based on the
Concept of AE Rates, Materials and
Structures, (Reviewed), Vol. 49, No. 7, 2016,
2627-2635

DOI: 10.1617/s1 1527-015-0672-9

M. Ohtsu, Elastic Wave Method for NDE in
Concrete based on Generalized Theory of
AE, Construction and Building materials,
(Reviewed), Issue 122, 2016, 845-854

DOI: 10 1016/j.conbuildmat.2015.12.137

T. Suzuki, T. Shiotani and M. Ohtsu,
Evaluation of Crack damage in
Freeze-Thawed Concrete using AE and
X-Ray CT Image, Construction and Building
Materials, (Reviewed), Issue 136, 2017,
619-626

DOI: 10 1016/j.conbuildmat.2016.09.013

2015
3/
2015 3/
2015
3/
2015 3/
20
2015 11/19-20
20
2015
11/19-20

M. Onhtsu, R. P Wang, K. Sato, On-Site
Assessment of Damage for Infra-Dock,
(Keynote), Structural Faults & Repair-2016,
Edinburgh, 2016, 5/17-10

M. Ohtsu, Visualized NDE for Internal
Defects in Concrete Structures by SIGMA
and SIBIE (Invited), Gordon Research
Conference, Hong Kong, 2016, 8/2-5



o

M. Ohtsu, Development of AE Measurement
in Concrete and Evolutional Applications
(Keynote), 8" International Conference on
AE, Kyoto, 2016, 12/5-8

M. Ohtsu, Elsevier, AE and Related NDE in
the Fracture Mechanics of Concrete:
Fundamentals and Applications, 2015 291

M. Ohtsu, Springer, Innovative AE and NDT
Techniques for On-Site Measurement of
Concrete and Masonry Structures, 2016, 176

(OHTSU Masayasu)



