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Abstract: Water is a key factor in the weathering and erosion of rocks, and highly porous rocks are generally more
susceptible to weathering. However, there has been a lack of in-situ methods for assessing the water absorption

capacity of rocks. To investigate the controlling factors of rock water absorption capacity, sandstone with different
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degrees of weathering collected from the Yungang Grottoes were selected as the study material. Nuclear magnetic
resonance (NMR) technology was employed to test the porosity and pore size distribution of rock samples, and to
establish the relationship between the free water absorption rate of sandstone and its density, porosity, and pore
size. The results indicate that there is a linear relationship between the free water absorption rate and the density of
sandstone, with the slope of the relationship being influenced by the degree of weathering. Additionally, the free
water absorption rate of the sandstone is positively correlated with porosity and the proportion of small pores
(0.1— 1.0 pum), with porosity being the primary controlling factor and pore structure being the secondary
controlling factor. This study deepens our understanding of the mechanisms controlling the water absorption of
weathered sandstone. Furthermore, since wave velocity is also influenced by porosity and pore structure, a good
linear relationship was observed between the free water absorption rate and wave velocity. Therefore, it is
suggested that the free water absorption rate of rock mass can be estimated by in-situ testing of wave velocity.

Keywords: porosity; water absorption; acoustic wave velocity;

pore size distribution; nuclear magnetic
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the Yungang Grottoes
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Table 1 Physical parameters and proportions of different types of pores of the rock samples

EPuY ass K H K 3R /% P/ (kmes™) i/ (g-em™) FLBEE /% WAL /% INFL 5 H /% L5 /% KAL i He/%
1 9.44 3.38 233 12.28 021 25.46 54.47 19.86
2 8.17 3.57 239 1059 553 23.91 53.92 16.65
3 9.10 3.47 237 10.50 0.00 21.59 55.62 2279
4 8.86 3.38 2.38 10.41 0.25 12.13 59.96 27.65
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21 8.83 3.22 2.44 10.64 1.33 2191 50.31 26.45
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Fig.3 Variation of free water absorption rate with density of
sandstone with different degrees of weathering
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Fig. 4 Variation of free water absorption rate of sandstone with
porosity (a), and proportion of small pores and medium-sized
pores (b)
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with porosity for different types of rocks
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Fig. 5 Variation of wave velocity of sandstone with porosity (a)
and proportion of small pores and medium-sized pores (b)
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velocity of sandstone
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