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Crack propagation law and failure precursor of steel fiber reinforced concrete

based on acoustic emission and microseism monitoring

LIU Chengyu"?, CHEN Chenghai', ZHANG Xiangxiang"*, CAO Yangbing"*, HE Xiyang'
(1. College of Zijin Geology and Mining, Fuzhou University, Fuzhou 350116, China; 2. Research Center of Geological
Engineering, Fuzhou University, Fuzhou 350116, China)

Abstract: Uniaxial compression tests were performed on the steel fiber reinforced concrete (SFRC) specimens with
different ages and steel fiber volume fractions. The acoustic emission (AE) and microseismic (MS) signals were
monitored during the loading progress. Through the in-depth analysis of testing results, the feature of AE and MS
signals and the evolution of crack propagation in SFRC were studied. The results show that: (1) The crack propaga-
tion of SFRC during uniaxial compression can be divided into four stages: Crack compaction stage (1), crack stable
development stage (II), crack unstable propagation stage (III) and post-peak failure stage (IV). Different stages
show different AE and MS characteristics. (2) With the increase of age, the energy rates and count rates of AE and
MS in stages I and II decrease, as well as the generation rates of micro-, meso- and macro- cracks of the whole speci-
men. However, the energy rate and count rate of AE and MS in stages III and IV increase, as well as the generation
rates of micro-, meso- and macro-cracks of the whole specimen increase. (3) With the increase of steel fiber volume
fraction, the AE energyrate, AE countrate and micro-crack generationrate of the whole specimen in stagesII, Il and IV
increase, while the MS energy rate and MS count rate in each stage decrease, and the MS energy surge time rate in
each stage increase. Furthermore, the generation rates of meso- and macro- cracks of the whole specimen in each

stage decrease, and the failure time is delayed. (4) Before the failure of SFRC, the energy rates and count rates of AE
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and MS increase sharply, as well as MS energy ratio. These variables can be used as the precursor index of SFRC fail-

ure.

Keywords:

B &F 4t /1R Bt + (SFRC) 52 378 Y 0 38 i B AR
JFR PR R RO ey e i o FE N
Y AN Z A A EEE WY, FECRFE S
HSFRCHIKRY EMk2ZR BF. Wik, FE
SFRC 78 ¥t 24 30 72 R [] R 24 80 e JUE S 2k
FaRTIeAE BBFSE, X SFRC T. 742 45 Ky 4 7 9 s K
HAEREREE L,

H AT, 2731 3 238 o N 7 -1 A8 il 28 4 i
SFRC L W ¥R #, JFRE R g (SR A8)P 214t
FEAE ) B8 A A5 A VR g IR AT IE 0 I o SR
M, T SFRC MBI N F1 . AR . TR M HL A
FZNZ W E N, MR H A 1S Pk A
Xof o B 1 5 58 N H s o 75 R ST (AE) FLROE (MS)
W BT ST L Bl A B % 4 AR R i N S5 A Y,
BEIT M. A B4 50 458K, Rusch®
K AE H R 51 A RIS BT Dok, K
B BE 1Y AE FRAEUEAT T ARG . T W 55 F
FFEW, AEFHERHE . fEEAR Ik . FAT RS
IR RE A R A IR A R A 454 B B X AT A e
N5 & . Soulioti %5 " A 5% & B, SFRC i Jil 2% i
T AE 3% Sk S A4 4R 1B IE L, AE B3
(A8 4k ] T FAE SFRC BB IR i 72 . Aggelis®™
T 3T AE FR (R TR 4 £F 4 45 i TR BE - IR
B 2K k. MS i, E4 S0 ik
B, KU AP I A L AR R MS 5 I B
4SRN G A, =R A 2 S0 RS KT Y
% g SOV F) A MS B R 6 E K A 3 TR e L it
U e X R AT T

H i 27 735 3k 6 45 2R Ry 0~25 kHz #1559 52 X
RS S, R KT 25 kHz B{5 5 & X4 e i
B RETZH LR, MORLY R4
FOBAE SR B AE SR, 4. LG R A
AR A 5 B MS i 42 &1, mT 0L, Bl 25 2%
NS K-8, O BRI
g0, U AE 45K Jo vk 56 3 # 7~ SFRC A2 £ 5d f2
AR HE B, A 0ES S MSHEA
X} SFRC A2 # A 4P e i B AT koY o

AE J MS 15 5 #5717 A Motk M kL 22 480 f2 h R
FIRERML ., MOGREFREFEL, AN
AE I MS {5 58 AR, BR FEA M b 52 2

steel fiber reinforced concrete; acoustic emission; microseismic; crack propagation; failure precursor

Tt v SOUL 24 SR A0 7 I S0 T R R, 7R
REE B SR HLH B SR FT IR, SR, H AT WL LE
4R AE Fl MS Wi+ AR O S 20 fgn . 200
Ly P 7 I X SFRC 32 4 0d B b i L ar R
KR Famr R kAT AR SE M 4R 38 o 3 4, 7E SFRC
PR, e A TRV 2T 24 3 o A B AR G Rl R 32 P
H A2 VEBE 5 B0 2T 2 45 1 R0k 0 3 DD AR OE
YT, AR S X AN [R]85 9 R AN 4T 4 15 5
B SFRC i AE 1 A7 B 2 Fe 4 X 56, ) 25 W 3k 1
IR FE TR AE I MS {55, T (s S
BIZEE AT, TSR NROW SRl . = ey
JE PR J7 THI 48 78 SFRC A8 JE W I8 i F S e 2T
FRESRRE, MRERBHOR . IR THECR A
REZME, F% 0T SFRC 1Y K K i JK RR1E
P R AR ATIRAE B BB FE b S M8 R
WF5E 45 5L 0T Ky SFRC T FR 454 14 B 9 Dl A 4RA1E 4 5

1 XWMBEAE
1.1 FEH#R

Jic il SFRC Ay 7K U6 Sk FH A = WA B 77 K e A7
FR 2> 7] A 7= 1 FE BR B P-042.5 R % 38 FE R £ /K e,
BB R 40 BE AR 2.5 I RD O E RESR H
HifE 5~10 mm WY % LR WEAT, AN EF 4Rk T AL
T WAL T A W B AF 4, SELEE 1,

F1 HHARNNIESH

Table 1 Parameters of hooked steel fiber

Length/mm  Aspect ratio Tensile Elastic modulus
8t P strength/MPa  E/GPa
35 60 1100 200
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Table 2 Mix proportion of specimen

Steel fiber volume fraction/vol% Water/(kgm™) Cement/(kgm™) Sand/(kgm™) Gravel/(kgm™) Steel fiber/(kg-m™)

Mortar(p) 210.0 411.8 1778.2 0.0 0.0

0 210.0 411.8 800.2 978.0 0.0

0.5 218.0 427.5 801.8 940.7 39.3

1.0 226.0 443.1 813.1 915.3 78.5

1.5 234.0 458.8 805.1 866.2 117.8

2.0 242.0 474.5 806.6 828.9 157.0

B R 45 38 56 7E TATW-2000 5 1K Z 5 054 = AT RE AE. MS W, A3 2 #ad A Sy . AE

e R b AT o S B AR U AR N2 2 TR 1Y
I 7 -1 7 R B e FE A R, IR AL S H5E i
[FEAT, INERECR N H A 0.5 mm/min®!, MK
Eﬁﬂ:ﬁﬁ%ﬁﬁﬂﬁif‘j} - 78 R JS 0.7 A5 1 IR

N HGEER . HEAES WIR RN ER A
@ATEF%ﬂmwﬂﬁ B S FE WAL, AE

1% JE&% 2% S 5 % 50~500 kHz [ 16 L {5 R B8, MS 1%
JEER Sk B 0~3 000 Hz 11 i J3 15 84 . I TH bR
MR, A bR R TR, W 1 R, 3K
RE AL RS aURE R 28 34 Al 1 0 3 4 FL K
RO R b, Rk £ AE. MS W R 58
B, SEEP D SRAR G T 2 S M B FE S .

Noise shleldmg box

MS sensor AE sensor

P 1T BRREA IR GE S5 AT (AE) AV (MS) liie
Fig.1 Loading system with shielded box, acoustic emission (AE) and

microseismic (MS) monitoring devices
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(c) Specimen with 0.5vol% steel fiber volume fraction at 28 d
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Fig.2 Duration curves of AE energy and stress for SFRC

at different curing ages
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(c) Specimen with 0.5vol% steel fiber volume fraction at 28 d
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Fig.3 Duration curves of MS energy and stress for SFRC

at different curing ages
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Table 3 Normalized AE energy rate and count rate of SFRC
at different curing ages

AE energy rate AE count rate
Loading stage

3d 7d 28d 3d 7d 28d
I 1.00 0.69 0.65 1.00 0.79 0.74
I 1.00 045 035 1.00 0.59 0.50
III 1.00 4.65 5.90 1.00 322 5.83
v 1.00 17.33 30.99 1.00 594 8.04

F4 AEEH SFRC A MS BEXERIREIT—LE
Table4 Normalized MS energy rate and count rate of SFRC
at different curing ages

MS energy rate MS count rate
Loading stage

3d 7d 28d 3d 7d 28d
I 1.00 0.87 0.55 1.00 0.95 0.92
I 1.00 0.69 0.50 1.00 034 0.31
I 1.00 240 3.79 1.00 3.62 5.34
v 1.00 1.88 3.19 1.00 585 8.71
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(b) Specimen with 0vol% steel fiber volume fraction at 28 d
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(c) Specimen with 1.0vol% steel fiber volume fractionat 28 d
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(e) Specimen with 2.0vol% steel fiber volume fraction at 28 d
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Fig.4 Duration curves of AE energy and stress for SFRC with different

steel fiber volume fractions
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AE critical value «y,

MS critical value &,

Age-vol fracti MS energy proportion
ge-votume fraction Energy rate Count rate Energy rate Count rate gy prop Sum
3d-0.5vol% — — — — 1.08
7 d-0.5vol% 1.33 1.22 2.70 1.53 1.03
28 d-0.5vol% 1.56 1.62 2.31 1.69 1.07
28 d-mortar 2.16 1.99 15.65 3.61 1.49
28 d-0vol% 1.62 1.96 3.89 1.77 1.24
28 d-1.0vol% 2.35 3.32 4.66 5.04 1.14
28 d-1.5vol% 1.53 131 3.44 2.52 1.08
28 d-2.0vol% 2.30 2.72 3.44 5.08 1.21
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