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Introduction
Velocity anisotropy is the variation of elastic wave velocity in different measurement directions and can often be found in most sedimentary rocks. The velocity anisotropy is the result of directional alignment of mineral grains, pores and microcracks. Such anisotropy is stress sensitivity since the microstructural features will be modified significantly by the applied stress. However, most investigations related to the stress-induced velocity anisotropy were devoted to two extreme conditions, in which the maximum principal stress is either perpendicular or parallel to the bedding planes [Bonnelye et al., 2017; Piane et al., 2011]. In this paper, our goal is to investigate the evolution of velocity anisotropy in a deformed sandstone with the bedding orientation being inclined to the maximum principal stress. A triaxial and ultrasonic measurement experiment will be performed on a sandstone with inclined bedding. The experiment result may give insight for the influence of bedding orientation on the evolution of stress-induced velocity anisotropy.
Methodology
The experimental sandstone specimen was sourced from Sichuan Basin in China and has a porosity of ~12% and a permeability of ~0.01 mD. The sandstone specimen was characterized by well-developed bedding structures. Therefore, a cylindrical sandstone specimen, with a length of 125 mm and a diameter of 50 mm, was cored along a ~35º angle with respect to the axial direction.
Sixteen P-wave transducer were glued directly on the surface of the specimens in two parallel lines along the axial direction. Eight PZTs on the left side acted as sources by connecting to a pulse generator through a high-speed switch box. Others on the right side were receivers by transmitting the waveforms to a waveform recording system [Li et al., 2017]. During velocity measurement, PZTs on the left side were sequentially pulsed with a voltage pulse up to 400 V. Then ultrasonic waveforms could be recorded by the PZTs on the right side. Thus, 64 P-wave velocities along different directions were obtained during each velocity survey. By fitting these measured velocities with the Thomsen’s anisotropy model [Thomsen, 1986], anisotropy parameters and the orientation of the symmetry axis could be extracted from the overdetermined equations. In addition, four cross-type strain gauges were also attached on the central surface of the specimen for local strain measurements.
[bookmark: _GoBack]The experiment was performed in a triaxial compression cell. The sandstone specimen was first loaded hydrostatically up to 22.5 MPa. Then, differential stress was increased to 80 MPa at a constant stress rate. During the loading process, velocity surveys were performed as the differential stress increased by ~5 MPa. The stress and strains were monitored consecutively to characterize the mechanical behavior of this sandstone specimen.
Results 
The fitting results show that both orientation and magnitude of velocity anisotropy were significantly modified by the differential stress. Anisotropy reversal were induced by the applied differential stress when the maximum principal is inclined to the bedding orientation. The symmetry axis (direction of minimum velocity) gradually rotated from the bedding orientation (~35°) to the direction of x1-axis (0°). P-wave velocity α along the symmetry axis increased first and then decrease. However, the Thomsen’s anisotropic parameters ε and δ increased monotonically, indicating the velocity anisotropy of this sandstone specimen is enhanced.
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Figure 1: (a) Fitting curves of Thomsen’s model projected in polar coordinates under the compression of differential stress. (b) The enlarged first quadrant shown in rectangular coordinates of P-wave velocity against angle of ray paths. (c) P-wave velocity α along the symmetry axis and the orientation of symmetry axis ψ, (d)Thomsen’s anisotropy parameters ε and δ with respect to the differential stress.  
Discussion and Conclusions
The sensitivity of P-wave velocity and anisotropy to the differential stress was investigated on a sandstone specimen with inclined bedding orientation. Since the stress-induced velocity anisotropy mainly originated from the closure or opening of aligned pores and microcracks, a connection between the P-wave velocity anisotropy and the internal microstructure evolution due to the applied stress fields could be estimated. By comparing with the results in cases of the maximum principal stress being perpendicular or parallel to the bedding planes, we can find that the velocity anisotropy is bedding orientation dependent under the compression of differential stress.
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