Highlights
· The structural characteristics of the rock particles are closely related to the extrusion fragmentation and the softening and scouring effect of water.
· The filling particles before and after the loss have fractal characteristics.
· The adjustment of the pore structure in the process of infiltration loss is related to the grain size gradation.
· [bookmark: _GoBack]The sudden water process can be divided into 3 stages: initial seepage, catastrophic destabilization and pipe flow surge.
