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Acoustic emission signal characterization of axial compression damage of steel fiber

reinforced concrete containing wood columns confined by GFRP tube

SHE Yanhua', ZHOU Lingjie , XIE Yuqiang , HUANG Junjie
(School of Urban Construction, Yangtze University, Jingzhou 434023, China)

Abstract: In this paper, acoustic emission (AE) technology was used to study the mechanical properties and

damage evolution process of steel fiber reinforced concrete- and wood-filled GFRP tubes with different steel fiber

volume fractions (0, 1%, 1.5% and 2%) under axial compression. The results showed that the steel fiber with 1.5%

volume content was the optimal content, which increased the ultimate bearing capacity of the specimen by 35.7%

and the displacement ductility coefficient by 4.73%. According to the characteristics of acoustic emission ringing

counts, the addition of steel fibers reduces the intensity of acoustic emission signals. When the peak frequency band

of acoustic emission signals gradually transitions from low frequency range (0— 100 kHz) to high frequency range

(200—300 kHz), the damage form gradually changes from large-scale damage to small-scale damage. The results of

RA-AF analysis showed that the incorporation of steel fiber increased the number of cracks and the range of crack

propagation, reduced the width of macroscopic cracks and increased the proportion of shear cracks. The damage

evolution model based on the cumulative number of acoustic emission events and stress has been established. The

larger the parameter m value, the smaller the brittleness of the specimen, indicating that the model can reflect the

damage evolution law of the specimen.
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Table1 Mix proportion of core concrete

Unit weight/(kg-m™)

Specimen ID

Water Cement Sand Gravel Plasticizer Steel fiber
SF-0 221.3 423.5 810.1 916.5 2.5 0(0%)
SF-1 228.7 433.2 811.9 901.4 2.5 79.3 (1%)
SF-1.5 237.7 445.6 801.3 892.8 2.5 115.2 (1.5%)
SF-2 245.3 452.2 806.3 880.2 2.5 156.8 (2%)

Notes: SF-1 indicates that the steel fiber volume content is 1%; The values in parentheses represent the volume content of steel fibers.

®2 WALEMBNFSH

Table 2 Physical and mechanical properties of hooked steel fiber

Dimension Density/(kg-m™)

Tensile strength/MPa

Elasticity modulus/GPa Poisson ratio

15 mmx®2 mm 7.85 2900

200 0.25

Note: @—Diameter.

K3 IIBAHIEIRIENR (GFRP) EHIEAR N MERE

Table 3 Basic mechanical properties of glass-fiber reinforced plastic (GFRP) tube

Direction of fiber molding Elastic modulus/MPa Tensile strength/MPa Compressive strength/MPa
Longitudinal direction 14 132 271 120
Lateral direction 9962 180 120

R4 AUMEIERE

Table4 Material properties of wood

Density/(kg-m™) Elastic modulus/MPa

Tensile strength/MPa

Compressive strength/MPa
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Concrete core

GFRP tube h=200 mm

Steel fiber

L—Length; D—Diameter; t—Thickness; h~—Height
1 RHE: (2) RELIFENL; (b) B0 (o) M EE; (d) #&shEs () IRIATAEE; (f) il R
Fig. 1 Preparation of specimen: (a) Concrete mixer; (b) Positioning board; (c) Fixation of specimen; (d) Shaking table;

(e) Specimen before testing; (f) Size of specimen
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AE—Acoustic emission; LVDT—Linear variable Displacement/mm

displacement transformer
2 s
Fig.2 Loading equipment

T3 AN[RVHYLF 2 & iR B - il o) o -1 8% T 2%
Fig.3 Axial load-displacement curves of concrete specimens with

different steel fiber contents

F5 AENAHSERE TR FIEERHMCBEERE

Table 5 Peak load and displacement ductility coefficient of concrete specimens with different steel fiber contents

Specimen Peakload/kN Ay/mm Au/mm " Increase of peak load/%
SE-0 328 0.47 1.59 3.38 0

SE-1 402 0.49 1.71 3.48 22.6

SE-1.5 445 0.50 1.77 3.54 35.7

SE-2 404 0.48 1.55 3.23 23.2

Notes: Ay—Displacement of concrete specimens under peak load; Au—Displacement when the load drops to 0.75peak load;
pn—Displacement ductility coefficient.
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Fig.4 Failure modes of the whole and internal concrete of concrete

specimens with different steel fiber contents
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Fig.5 Variation curves of load and ringing counts with time and displacement of concrete specimens with different steel fiber contents
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Fig.6 Peak frequency statistics box plot of concrete specimens with

different steel fiber contents
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Fig.7 Three-dimensional figures of rise time-ringing count (RA-AF) value changing with time of concrete specimens with different steel fiber contents
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Table 6 Weibull model damage parameters and damage evolution equation of concrete specimens
with different steel fiber contents
Specimen 0 m R D
SF-0 19.340 7 2.523 1 0.992 83 1-exp(—(x/19.340 7)>*%1)
SF-1 24514 3 3.386 1 0.991 76 1-exp(—(x/24.514 3)*3% 1)
SF-1.5 33.1430 4.4772 0.979 17 1-exp(-(x/33.143 0)**""%)
SF-2 26.899 1 3.654 8 0.996 54 1-exp(—(x/26.899 1)**8)

Notes: §—Scale parameter; m— Shape parameter; R*—Goodness of fit; D—Damage parameter.
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