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Abstract: To predict the micro and macro failure behavior of wood under load, a prediction approach of wood damage
precursors based on the b-value (describe the frequency distribution characteristics of acoustic emission signals) of the
acoustic emission (AE) signal and the critical slowing down (CSD) characteristics was proposed. Firstly, to analyze the
impact of load application rate on the wood failure process, two loading rates of 2 mm/min and 5 mm/min were employed
in the wood three-point bending experiment, and AE signals released during the damage process of wood specimens were
collected at a sampling rate of 500 kHz. Subsequently, an improved b-value calculation approach based on the classifica-
tion of AE signal amplitude was proposed, and the AE signals generated during the experiment were divided into three
levels, and the process of crack generation and development inside the wood specimen under load was described accord-
ingly. Finally, in accordance with the principle of CSD, a prediction method of wood fracture precursors based on the
length correlation coefficient and variance of AE signal was presented. The results demonstrated that the combination of
different levels of b-values can reflect the fracture features and the generation of microcracks in the damage process of the
specimen. CSD occurred when wood cracked at both the micro and macro levels, which was manifested in the increase of

the correlation coefficient and variance of AE signal. At different loading rates, when the load reached approximately
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80% of the ultimate yield strength, all the specimens displayed a significant CSD phenomenon.

Keywords: Wood; acoustic emission; b-value; microscopic destruction; macroscopic destruction; critical slowing

down; precursor prediction; yield strength
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Tab. 1 Specimen density and loading rate

R fn#kiE 2/ (mm-min™)

2/ (g-cm™)

Specimen Density Loading rate
S1 0.685 2

S2 0.675 2

S8 0.695 2

S4 0.616 5

S5 0.670 5

S6 0.668 5
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Fig. 1 Test photo and layout of test sensors
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Fig. 2 The noise signal collected during the experiment
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Tab. 2 Classification of AE signals at different levels

B TR EERE/V 43 IU{E/dB
Magnitude Amplitude range Decibel value
M1 (0.0178,0.1) (45,60)
M2 (0.1,1) (60,80)
M3 (1,10) (80,100)
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and the time of its precursor signal s

7R WL 2L 7]
Macroscopic

AARIEH LIS E I IA 752 Hh 2k I B I [A]

i Peak time of the Peak time of the

Specimen fracture time correlation curve variance curve
Sl 282 278 259.5
S2 265 260 262.5
S3 235 182 200.5
S4 106 102 103.5
S5 114 108 1135
S6 103 100 100.5

X AR AR SR M B B, H 1R (4) b A fi 253 Ar
AL, BEF Bt 26 AR R R FRFIRE IR AR A S A i
o M7 5E (4)b(ERIZATED, STIREE 198 s REL
B A R AR AHAR I AR SRR AE 174 s BRI ME , 75 Z21E



84 O I iE

E42E

151. 5 s N BRIEAE , 2 )5 260 s HUBIAH B 2480k AR AR AR
X RAH AN 75 ZE BB TE 236 s fi1214. 5 s HIBHIEAE ;
S4 R INEGE 2 5, RIS B B AR A B AR T
SEhNECE R, 28 s Z JEARM N ERHE BV B T 5 i B
X BERIRRAL, (H AR M HHZRTE 66 s 7 HE B I (H
73 Z M ZAE 70. 5 s U HEE T I8 AE , 1X 15 A 2 SR i At
PR B (H R LA, HE 82 s ik {4 3 Ff

1.0
—350
70
081 —100

0.6

0.4r

0 al
0 100 200 300 400 500

B AR B
Autocorrelation coefficient

I fal/s
Time
(a) BlEE OKE
(a) Fixed window length
x10°
12
—100
10 | 130
’ ——150
sl ‘ 200
51
s 6
R
>
4+t
I |
2F \L h
0 . . | Loalf,
0 100 200 300 400 500
I} 1) /s
Time
(c) BlEdE AKE
(c) Fixed window length

bE R, A REG 1, BHITEMKIES. 555
—HARRE LB, R AT EIE H PRAT N s 2R
ARA TR AR T N A e R I, i BRAG REER
BEBCEA 5 FENE S H 4. H Al fF [ S1ATS4
— 7 R TER S 22 il 2R AR AN [ 72 28 b 3075 i e B
T IEfE.

1.0
—50
= 70
2 08} —100
;ﬁ% 150
N S 0.6F
R E
jrea
af o | ]
| ‘m
2 ) NN
0 M,‘.\LL,...., as ‘ 2 2N ‘J ol A/ B
0 100 200 300 400 500
5 /s
Time
(b) EERERE
(b) Fixed lag length
x10°
12 l
—100
10t ‘ 130
’) —150
ol 200
51 [l
M ¢ ‘
R !
> \
4t l
| f\ Au
2 5 (f
, , | L b("»./ L

0 100 200 300 400 500
I i)/
Time

(d) JETsE AR
(d) Fixed lag length

5 S2idERENMEXEHEFTREOKENBEREML

Fig. 5 Comparison of variance and correlation curves of S2 specimen with different window lengths and lag lengths
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Tab. 4 The proportion of load on the specimen when the precursor signal appears
i RIS A/ (TR SRR RN AR5 ERARIREL /N b fe1/%
. . . ield load when the precursor . . . . .
Specimen  Precursor signal time . Macroscopic fracture time Yield ultimate load Ratio
signal appears
sl 174 2294.35 282 2645 86.74
S2 164 2509.53 265 2878 87.20
S3 182 247552 235 2769 89.41
S4 66 2429.05 106 2867 84.72
S5 66 2151.72 114 2745 78.39
S6 71 2263 103 2605 86.87
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