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Grain-size effect on dynamic behavior of sandstone
based on high-speed 3D-DIC technique

XING Haozhe, WANG Mingyang, FAN Pengxian, WANG Derong
(State Key Laboratory of Disaster Prevention and Mitigation of Explosion and Impact,

Army Engineering University of PLA, Nanjing 210007, Jiangsu, China)

Abstract: The grain size effect on the dynamic behavior of sandstone was investigated through the compression tests on
coarse-grained (CG), medium-grained (MG) and fine-grained (FG) sandstones by split Hopkinson pressure bar (SHPB) tests
under the strain rates of 69-83 s™' based on the thin section and electron scanning microscopic (SEM) images analysis, the CG,
MG and FG sandstone were mainly composed by quartz with the average grain size of 200-500, 90-500 and 55-120 pm,
respectively. With the increasing grain size, the percentage of clay mineral was decreased correspondingly from 8% to 1%.
During the dynamic compression, two high-speed cameras were applied to capture the deformation of sandstone at frame rate
of 2x10° s and resolution of 256x256. The real-time strain fields of rock were obtained by high-speed three-dimensional
digital image correlation (3D-DIC) technique, the dynamic deformative properties, particularly the lateral strain of the
specimen, were extracted by averaging the lateral strain field by pixels. The fracturing behavior of three sandstones was
analyzed through the strain localization evolution within the strain fields. Results show that the critical strain rate for reversible

release of elastic strain energy increases with the decreasing grain size. The dynamic strength ascends along with the reduction
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of grain size, while the strain rate sensitivity to the dynamic strength has an opposite trend. Compared to the quasi-static case,
the dynamic elastic modulus increases by 2—3 times for MG and FG sandstone, particularly 5 times for CG sandstone. The
Poisson’s ratio under dynamic loading in FG sandstone is grown by 25%, but drops at 70% of the static one in MG sandstone.
The crack primarily generates inside the specimen and propagates to the surface of the specimen afterwards. The crack
development is advanced under dynamic loadings, where the normalized stress threshold for crack initiation in FG sandstone is
only 10%. Based on the microscopic analysis, mineral structure and clay percentage dominate the dynamic property and
fracturing behavior of sandstone, respectively.
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Fig.2 Section micrograph of mineral composition of three grain-sized sandstones
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Table 1 Physical and mechanical parameters of three grain-sized sandstones

H (A% FEFY% B/ (kgm™) HERASSAAPURIREE/MPa BMERIE/GPa J#/(ms™)  JARRLL

FG 95 <1 2165 13 1.9 3116 0.27
MG 92 4 2214 41 6.9 2110 0.21
CG 90 8 2331 47 72 4128 0.20
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