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Visualized characterization of damagein granite-shotcrete beams based
on acoustic emission

GUO Yuzhu', CHEN Xudong', HU Liangpeng', BAI Yin®

(1. College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China; 2. State Key Laboratory of
Hydrology-Water Resources and Hydraulic Engineering ( Nanjing Hydraulic Research Institute) , Nanjing 210024, China)

Abstract; To study the synergistic flexural damage resistance characteristics of the surrounding rock-shotcrete lining
structure of water transportation tunnel, two granite-shotcrete composite beams were prepared for four-point bending
tests with different loading rates. The four-point bending tests of the granite-shotcrete composite beams were
monitored by two nondestructive monitoring techniques: digital image correlation ( DIC) and acoustic emission
(AE). Results show that when the crack extended from the shotcrete to the granite surface, the load-strain curve
showed an obvious inflection point in the post-peak descending section, which can be a sign of granite crack
initiation. Through identifying the damage types in shotcrete by AE technology, we found that the proportion of
shear damage increased with the increase in strain rate. For the visual analysis of the internal damage of the
composite beam, the spatial b-value was calculated using the acoustic emission damage localization data. Then, a
new Rb-value was constructed by attaching coefficients to the spatial b-value in combination with the density
distribution law of damage localization in space. Compared with the spatial b-value, the cloud map of Rb-value had
a higher differentiation of different damage degrees, which improved the visualization of damage. Finally, the
damage clouds localized by Rb-values were compared with the crack clouds monitored by DIC, which verified the
effectiveness of the proposed method for damage visualization using AE technology.
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Fig.1 Organic imitation steel fiber
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Tab.1 Basic properties of organic imitation steel fiber
5 M WrEJEIR S FRA B/ mm i 4%/ mm B/ (grem ) 1K 456 i/ MPa iR/ GPa
FG [ES i A1 30 0.81 0.91 474 6.0
*2 RELXGEEAR
Tab.2 Mix proportion of concrete specimens
Ry bt/ (kgom ")
i ; p— - WK/ %
s i HLTH Wi B * RO
NC 475 789 964 0 190 1.0
FC 475 775 948 10 190 1.0
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Fig.2 Fabrication process of composite beam
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Tab.3  Basic properties of rock and shotcrete

e B R UG B/ MPa WPk B/ GPa
ISR EE L (S) 52.5(28 d) 36.4
LY TR EE L (FS) 52.3(28 d) 35.8
2 (6) 130.3 48.9
1.2 KGR E
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Fig.3 Test setup and schematic diagram of specimen( mm)
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Fig.4 Schematic diagram of mesh model
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Fig.5 Flow chart of calculating spatial b-value
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Fig.6 Typical load-strain curves of composite beams at different strain rates
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Fig. 7 Distribution of hit counts and characteristics of crack widths of composite beams
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Fig.8 Typical RA-AF diagram of composite beams at five stages under different strain rates
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