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Investigating weathering features of sandstones in the Yungang
Grottoes based on SEM images and micro-scale flow model

WANG Jun' , XUIJ inming1 , GONG Mingquan2 , WANG Yalei'
(1. Department of Civil Engineering, Shanghai University, Shanghai 200444, China; 2. School of Yungang
Studies, Shanxi Datong University, Datong, Shanxi 037009, China)

Abstract: The quantitative relationship among the weathering, microscale structure, and microscale flow
properties is a fundamental issue for the efficient preservation of the cultural relics in the grottoes. Sandstone
weathering may affect the efficient preservation of the cultural relics in the grotto rocks. In this study, the
microscopic images of the sandstones of various grottoes in the Yungang Grottoes are obtained by Scanning
Electronic Microscopy (SEM), and the digital characteristic parameters of the particles and pores in the rock are
obtained by using the image enhancement and image segmentations. A flow model reflecting the characteristics of
the pore-throat connection is also established in the microscopic scale. The local hydraulic conductivity
coefficients of the rocks at various grottoes are then obtained. The relationship among the hydraulic conductivity
coefficients, digital characteristic parameters, and weathering levels is further explored. The results show that the
weathering much affects the microstructure of the grotto sandstones; the corresponding great-small order of the
weathering for the average long axeses of pores are the complete or high weathering, the moderate weathering, and

the slight weathering or fresh sandstones, respectively, with the axeses of greater than 40 pum, 25 to 35 pm, and 15
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to 25 pm. The higher levels of weathering will result in the greater hydraulic conductivities ranging from 1x 10 to

1x10 " cm/s; the hydraulic conductivity is closely related to the size and connectivity of the pore-throats; and the

increases in the pore-throat radius ratios will result in the increase in the hydraulic conductivities.

Keywords: Yungang Grottoes; sandstone weathering; digital feature parameters; pore-throat connection
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Fig.2 SEM images of sandstone samples in various grottoes
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Fig. 3 Grayscale histogram from SEM image in Fig. 2 (d )
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Table 1 Digital parameters of SEM images for sandstone samples in various grottoes
FaN=E 2o EiiEneye Ve TURL PR A2 um G e Sl ial)ie T FLBR /%
1 305 10.65 0.42 36.85
3 419 14.74 0.48 30.13
4 214 8.47 0.43 14.32
7 189 4.98 0.40 17.32
8 286 9.48 0.45 31.38
10 79 4.43 0.26 18.38
15 331 16.94 0.52 33.22
17 128 2.47 0.29 19.89
19 72 4.91 0.34 12.20
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