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Abstract
Affected by the synergistic effect of atmospheric rainfall, surface water, and groundwater, the chambers
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of the Beidongshan Han Tomb have suffered from water damage such as water seepage, dripping
water, condensed water, and ponding. To reveal the formation mechanism of water damage in the
chambers of the Beidongshan Han Tomb, this study systematically analyzed the engineering geo-
logical conditions, hydrogeological conditions, types of water damage, and their formation mecha-
nisms in the tomb area through field investigations, laboratory tests, theoretical analysis, and nu-
merical simulation using GeoStudio/SEEP-W. The results show that the water damage in the cham-
bers is mainly characterized by “local strong water seepage + large-scale high humidity”, which is sig-
nificantly affected by rainfall, karst development characteristics, and water level changes of the Bei-
jing-Hangzhou Grand Canal. The numerical simulation results indicate that the chambers are lo-
cated in the unsaturated zone above the groundwater level. Although natural rainfall is difficult to
form continuous high hydrostatic pressure, it will intensify the infiltration of water in the shallow
rock and soil mass and form seepage channels leading to the interior of the chambers, posing a se-
rious threat to the long-term preservation of cultural relics. It is suggested to adopt comprehensive
measures of ventilation, dehumidification, and seepage prevention to reduce the impact of water
damage on the Beidongshan Han Tomb and achieve long-term preservation of cultural relics.
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Figure 1. Typical photos of water damage in the main tomb chamber
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Figure 2. Measured water level diagram of Beidongshan in 2024
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Figure 3. Time series chart of rainfall in Beidongshan in 2024
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Figure 4. Pore water pressure contour map
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Figure 5. Pressure head contour map
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Figure 6. Volume moisture content cloud map
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