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Fig. 1 Test equipment and samples
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Tab.1 Direct tensile test results of sandstone specimens

Rk %ﬁ/ [T Y ok T s

mm (g-cmf‘?) MPa GPa
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Fig. 2 Stress—strain curves of sandstone specimens
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Fig. 4 Comparison of stress—strain curves of typical sand-
stone and coal specimens
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Fig.5 Spatial location evolution of cumulative AE events of the typical samples of sandstone and coal
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Fig. 6 Relationship of AE parameters and stress to strain of typical samples of sandstone and coal during direct tensile test
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Fig. 7 Validation of damage constitutive models for sandstone and coal specimens
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Acoustic Emission Characteristics and Damage Constitutive Model of
Roof Sandstone During Direct Tensile Failure
SUN Ziwan'?, ZHANG Zetian"*", ZHANG Ru"**, REN Li"?, LIU Xiaoling'?, ZHANG Anlin"*, ZHANG Zhaopeng’

(1.State Key Lab. of Intelligent Construction and Healthy Operation and Maintenance of Deep Underground Eng., Sichuan Univ., Chengdu 610065, China;
2.College of Water Resource & Hydropower, Sichuan Univ., Chengdu 610065, China;
3.Key Lab. of Deep Underground Sci. and Eng. for Ministry of Education, Sichuan Univ., Chengdu 610065, China)

Abstract: Due to the complex environmental occurrences and resource exploitation in deep coal mines, the risk of disasters such as roof falls has
sharply increased, with most being directly caused by roof tensile failure. Therefore, it is urgent to explore the mechanical characteristics and the
laws governing the evolution of damage in roof rock under tensile failure. To study the mechanical properties and spatiotemporal evolution char-
acteristics of acoustic emission (AE) in roof sandstone under direct tensile loading conditions, uniaxial direct tensile tests and synchronous AE
tests were carried out. Simultaneously, the differential processes of direct tensile failure between roof sandstone and coal seams were studied, and
a stress—strain damage constitutive model for coal and rock under tensile stress was developed and validated. The test results reveal that: 1) The
average direct tensile strength of the roof sandstone is 5.01 MPa, which is approximately 7.6 times greater than that of coal. The direct tensile
mechanical parameters of the roof sandstone exhibit strong variability, indicating that sandstone is prone to damage localization, leading to roof
tensile failure. 2) The post-peak release rate of elastic energy from sandstone is significantly higher than that from coal, exhibiting brittle charac-
teristics. 3) The analysis of AE spatial localization evolution revealed the mechanism of microcrack propagation and agglomeration nucleation
process in roof sandstone at different tensile loading stages. Before the peak stress, only a small number of randomly distributed microcracks were
generated, mainly resulting in the elastic deformation of the rock matrix. When the stress decreased by 20% after the peak, microcracks became
localized, and then macroscopic cracks appeared and rapidly expanded until failure. 4) A constitutive model based on AE characteristic paramet-
ers for rock tensile damage was constructed. This model was validated using direct tensile and AE test data from sandstone and coal, demonstrat-
ing a good fit. The model effectively characterized the post-peak strain softening characteristics of rock under direct tensile action. These research
findings hold considerable implications for optimizing tunnel support structure design and for preventing and controlling coal mine disasters.

Key words: sandstone; coal; direct tensile; acoustic emission; damage constitutive model
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