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Quantitative Damage Evaluation of Fiber-Reinforced Cement Composite
Using Acoustic Emission Technique

Young-Oh Lee,” Yeo-Jin Yun,” and Hyun-Do Yun"*
"Dept. of Architectural Engineering, Chungnam National University, Daejeon 305-764, Korea
“Dept. of Civil System Engineering, Konyang University, Chungnam 320-711, Korea

ABSTRACT Fiber is an important ingredient in fiber-reinforced cement composite (FRCC) which can control fracture of cement
composite by bridging action. In compliance with the action of the fiber and the aggregate size, it also showed a different failure mech-
anism. For practical application, it is needed to investigate the fracture behavior of the FRCC and to understand the micro-mechanism
of cement matrix with reinforcing fiber. In order to evaluate a characteristics of fracture process in the FRCC, acoustic emission (AE)
technique was used for the analysis and evaluation of FRCC damage by acoustic emission under flexural and cyclic compressive load-
ings. The AE signals were monitored by AMSY4 AE instrument during the entire loading period. The specimens are reinforced with
0, 1.0, 1.5 and 2.0% (by volume) Polyvinyl alcohol (PVA) fiber. The test results showed that the damage progress of the FRCC was
characteristic for the fiber replacement ratio. As a result of analyzing the felicity ratio (FR) values, it is shown that this values can be
used for evaluating the degree of FRCC damage. On the whole the felicity ratio values of FRCC are shown between 0.4 and 1.1. And,
the AE kaiser effect was shown in the all FRCC specimen. In addition, the damage behavior and the microscopic fracture process of
the FRCC are evaluated using the AE parameters, such as calm ratio, b-value and felicity ratio. The purpose of this reserch was to
advance the state of knowledge regarding the applicability of acoustic emission as an evaluation method for FRCC.

Keywords : fiber-reinforced cement composite, bridging action, Kaiser effect, calm ratio, b-value
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Fig. 1 Aggregate shape
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Fig. 3 Specimen measurement and location of the AE sensor
(mm)

Table 3 Physical properties of aggregates

Specific Absorption Size
Type . .

gravity ratio (%) (mm)
Silica 2.64 0.38 0.3

Table 4 Physical properties of admixture

22 AEN MX| & =X b Tvpe Specific Fineness Unit water ratio
P gravity (cm’/g) (%)

& ArelAE FRCCO AFEYES we 23 w7 FA 212 2.976 101
UZe B3] 91shel Fig 301 R kel o] A SF 2.10 200,000 :
Table 1 Mix proportion of FRCC

. Fiber volume W/B Unit weight (kg/m’)
Mix type fraction (%) Warse of fine (WE.%) PVA C AT = S

PVA-0-SP 0

PVA-1.0-SP 1.

VA-1.0-5 0 sp” 0.33 20 626 564 63 626

PVA-1.5-SP 1.5

PVA-2.0-SP 2.0

FA : fly-ash ”SF : silica fume 'SP : silica powder

Table 2 Physical properties of fiber

Type | Length (mm) | Specific gravity | Dia. (um) | Aspect ratio (//d)

Tensile strength (MPa) | Young's modulus (GPa)

PVA 12 1.3 39

1,323 25.35
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Fig. 4 Stress-strain curve of cyclic compression specimens
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Table 5 Felicity ratio of specimens

Specimen Cycle Pap Prax FR Note | Specimen Cycle Pap Prax FR Note
1 3.02 1 5.59
I 2 377 | 734 | 0.51 FE | 2 8.01 | 10.15 | 0.79 FE
3 528 | 7.00 | 0.75 FE 3 8.31 9.76 | 0.85 FE
4 7.11 6.97 1.02 KE 4 10.95 | 10.06 | 1.09 KE
I 5 841 | 11.89 | 0.71 FE I 5 15.61 | 16.49 | 0.95 FE
6 993 | 1191 | 0.83 FE 6 13.10 | 17.34 | 0.76 FE
PVA-0-SP PVA-1.5-SP
7 8.68 | 11.83 | 0.73 FE 7 16.88 | 16.85 | 1.00 KE
11 8 9.03 | 1892 | 0.48 FE I 8 16.85 | 27.86 | 0.6 FE
9 929 | 19.11 | 0.49 FE 9 1541 | 27.86 | 0.55 FE
10 16.36 | 19.13 | 0.86 FE 10 26.49 | 27.85 | 0.95 FE
v 11 - 23.76 - v 11 25.11 | 3431 | 0.73 FE
12 - - - 12 23.87 | 34.52 | 0.69 FE
1 6.10 - - 1 10.45 - -
I 2 595 | 9.71 0.61 FE | 2 10.07 | 13.43 | 0.75 FE
3 5.61 9.30 | 0.60 FE 3 12.14 | 13.20 | 0.92 FE
4 9.13 | 9.12 1.00 KE 4 14.86 | 12.75 | 1.17 KE
I 5 9.46 | 15.01 | 0.63 FE I 5 17.79 | 22.30 | 0.80 FE
6 925 | 14.87 | 0.62 FE 6 19.15 | 22.62 | 0.85 FE
PVA-1.0-SP PVA-2.0-SP
7 11.50 | 1525 | 0.75 FE 7 23.59 | 22.24 | 1.06 KE
I 8 1223 | 2422 | 0.50 FE I 8 26.07 | 36.09 | 0.72 FE
9 12.95 | 24.11 | 0.54 FE 9 26.95 | 3549 | 0.76 FE
10 14.57 | 24.19 | 0.60 FE 10 2793 | 35.75 | 0.78 FE
v 11 1575 | 3047 | 0.52 FE v 11 31.27 | 45.10 | 0.69 FE
12 - 30.38 - 12 3291 | 4483 | 0.73 FE
S 80%21 TAtelEolM = Thol A BT vk o, A £dE0] BSFE, AluE w2 A gHE
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Fig. 6 Felicity ratio for the fiber replacement ratio
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Table 6 Damage estimation for the b-value

Range Damage index Damage definition Classification for the a value
Damage for bridging action prior
0< b-value <07 ! to the final failure
Damage that occurred prior to
a<2 . .
the experiment terminated
0.7 <b-value < 1.2 2 Appear a macro crack for damage | 2<a<4 Generate crack on the initial stage
a>4 Macro crack on the stage for effect
on the bridging action of fiber
1.2 <b-value< 1.3 3 Develop of macro crack
1.3 <b-value< 1.4 4 Distribution of equality micro crack
1.4 < bovalue 5 . Appear a micro crack,.
increase of macro crack width
35 Tabla 7 Comparison of a, b value for b-value damage estimation
O Stage 1 (a=2.00, 5=0.78)
30 O Stage 2 (a=5.19, b=1.58) PVA-1.0-SP PVA-1.5-SP PVA-2.0-SP
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