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Part-1 5 Table 1 Material parameters for calculation
- Symbol Parameter Value Unit
9" 17 Incident pl ,
| I nci entp ane wave p Density 1180 kg/m3
Bulge
. Elastic modulus 8.5 GPa
I T G Shear modulus 2.1 GPa
Frictional interface Cp P wave speed 2690 m/s
Cs S wave speed 1340 m/s
Part-2 Ck Rayleigh speed 1230 m/s
£l
f Friction coefficient 0.1 —
B4 BB R o
$ Internal friction angle 44
Fig. 4 Geometry model of the frictional interface
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Study on the Discretization Characteristics of a New Stress

Wave Structure from Frictional Interfaces

Keyan Li Xiangyu Jin Lingyan Shen Yonggui Liu

(Department of Engineering Mechanics, Henan Polytechnic University, Jiaozuo, 454003)

Abstract The frictional interface at the moment of transition from static to dynamic state may under-
go two types of disturbances: rupture-fronts and stress waves. Rupture-fronts are driven by the fracture of
micro-contacts of the frictional interface, change the shape of the frictional interface, and propagate within
the frictional interface under different speeds. By contrast, stress waves are driven by radiation from kinds
of resources on the frictional interface, and have no effect on the shape of the frictional interface. Both rup-
ture-fronts and stress waves imply important information of the dynamic behavior of frictional interfaces in
nature. Here, stress wave structures associated with a frictional interface are studied for a finite-sized sli-
der subjected to impact loading. First, SHPB experiments for frictional sliding of two glass sliders under
shock wave loading are performed, and the fine wave structures near the frictional interface are directly
measured with high-sensitivity piezoelectric sensors. The characteristics of stress waves related to the fric-
tional interface are then simulated by finite element method for different frictional boundaries and constitu-
tive model parameters to analyze the factors affecting stress wave propagation and profiles. Finally, the
generation mechanism of the wave structures within the frictional interface is discussed based on the theory
of the 1D stress wave. A new stress wave structure is first found experimentally and numerically. Unlike
the traditional “rupture-fronts” phenomenon. this new wave, though generated from the overall dynamic
response of the frictional interface, does not travel along the interface. Instead, it propagates perpendicu-
larly to the interface as a plane longitudinal wave into the substrate. More interestingly, this new plane
stress wave exhibits discretization enhancement in time but weaker in space. Within wave theory and simu-
lations, it is found that the new wave does not stem from the fracture of micro-contacts on the frictional in-
terface, but rather from the envelope of the spherical wave fronts radiated by the entire interface. This dis-
covery reveals a new stress wave structure coming from frictional interfaces and its discretization character-
istics, which is expected to provide a new stress wave structure criterion for earthquake prediction and non-
destructive testing of engineering components.

Key words frictional interface, discretization, local fracture, envelope., earthquake prediction





