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Fig. 2 The testing specimens and AE sensor locations
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Fig.3 The peak frequency ranges of AE signals corresponding to various damage models
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Fig. 4 Correlations of peak frequency ranges of AE signals and loadings versus time in specimen [45/—45],,
A % B % € Yo

0.24 1.76

0.21 1.60

0.20
0.16
0.13
0.09

0.06
0.04

1.54

13.08
12.52
12.24
11.12

10.56
9,72

9.16
8.60

B 5 [45/—45 ] ARFETERENEIN ZIT e, WA /A = K
Fig.5 The distribution of e, at different loading time on [45/—45],,specimen

3 BEWBEALRIETENR

3.1 ETRIMETIFEHRGRELER

MIEL S AT e i A% 37 16 A B 85 A7 280 S e 35 £LL )2 A A B 38 40 T8 A RIS IR ol A L i 28 ) 40 L 46 40 e
JE /N HLISE 7 3 B R R o3 A B 2 A I A5 405 T 4 O AR 7 B B R Ak AR A i B R AR
3T 5 JR IR DX 5 AR B RO A XN b 28 D A e A A o R AT AR P AR R DX Y A
Aot SR A 458 7 36 A ak R AT S0 R . 2 A 3 A BRI S ) SR A A DR R 3 B A i A R o X s



2 SO B LI A PERE 2 B A b A 45140 08 1 Y S 38 N R AR T 1 193

T3 A CHLIEL 5C) 33 PUAS IX 422 BEA 8 43 bR s o8 A b AR V22 L RVAE TR L 78 U AS X043 51 42 B 55
ALY ey BEAR(EVEAT ST 20 BT L X 44 DX ok 4 B A% 7 A8 AE 7 R () Bt 0 4B 08 A7 T S Y (8 AR o 25315
BEA X 38807 25 (G 349 {5 R A v 22 B B 180 A9 28 £ UL P 6 BT L 28 C B 220 i DU A IX 3 17 AR FY) 34 {5 0 b v
ZEHBLRE I B T C B %00 AE 5 R AL AT B (WL 5C) . FERFBE C-D P Ry AR 35 {8 {2 34 Jin {H B
Y 22 AR ANAR AR 25 B T B DX Sl Al 5 A5 (L 1 A AR AL 6 B 7R DL B B B 4 B R B R . FEI
B D-E L Bk 7 A7 b X, et = A DI A v 22 6 KR B 0L 3 = A DK 48 5 R AR (LR
S5E). Zxt EBFZL A8 b IX SN AR S (E W] R B A T KSR AR LR KL BR T A DX At X 3 A B
Y 22 (B TR TR I A, 20 XS4 s 1 2 084 fin i B, AN ET SF T DU #1420 AR 5 B0 T R AL i
A3 e e T, A DK AR I U N 2 DR A A AR A R BT SRS, A T TR B A S A BT R T
R AR (E AR S . N AR S b o 25 1 AR Ak S e T N A b Ak G Al 38 A0 AR L SR B R el X
FEERESIEM . WE S TN A LR AR A R L A TR R KR AR R L A X
40 5 e PR 7 28 33 614 6 b v 22 T L 3 AE AN () X 1) 08 00 9 oo R A 4 PR AR S L LA
S5 oA T T A A 1 0N AR AR T I GE T 2 SR B et AR B v 25 B A R) A AR Ak i AT eR B R LA (I
F 7)), AT A BB A #h 2R r FE A (S A AREZE L ¢ R B[] .

S =0.00228 48 X 107 x ¢ o0
FI*
N
1A
E ¥
1 '_F’I-
191
' (7]
! D &=
1 | ’w
' L ot
! J/"‘“ 1
] i
: 33 l.-"’”+ 1
i . : [
1
l ] ; A . . L1
3$cu mlnr) I12lchu 400 600 500 1000 1200 7400 1800
Sl B [ml(s)

(a) (b)

Bl6 [45/— 451 R 2E A [R]m 2 ief 220 1) 107 48 3 e vtk 434 &L = Ca) S50 X B [0 5 (o) A v 25 X (1]
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Experimental Study and Characterization Method of
Damage Evolution for Composite Laminate with Open
Hole Subjected to Static Tensile Loading

HAN Wen-gin"?, LUO Ying'

(1. Faculty of Civil Engineering and Mechanics, Jiangsu University, Zhenjiang 212013, China;
2. School of Material Engineering, Jiangsu University of Technology, Changzhou 213001, China)

Abstract: In order to get deeper understanding of damage mechanism and evolution of composite
laminate structure, based on acoustic emission technology and digital image correlation (DIC)
method, the damage evolution of carbon-fiber composite laminate specimen with open hole was real-
time synchronously monitored during static tensile loading process. Experimental results show that
the strain field on specimen surface presents localization characteristics; statistical analysis of strain
value in strain concentration band along loading direction was carried out, based on which, the
evolution model of strain field characteristic statistic (standard deviation) along with the loading was
obtained. The peak frequency distribution of AE signals generated by laminate damage can effectively
identify the damage mode of composite materials, therefrom, damage evolution model was
established, based on acoustic emission numbers cumulated by damage model. Through the analysis of
both strain field evolution model and AE damage evolution model, the damage evolution of composite
material can be divided into three stages: the initial damage stage, the stable propagation stage and
the serious damage stage. Analysis results show that on serious damage stage, the damage variables
and standard deviation of local strain field rapidly grow along with the AE event numbers, so the
statistical standard deviation of local strain field can be used as identification index of the severity of
local damage on later stage.

Keywords: composite laminate; acoustic emission; digital image correlation method; damage

evolution; damage model



