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A study of the micro-macro-physical and mechanical properties of silty
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Abstract ; During the operation of the southwestern YD tunnel, heaving appeared in multiple sections at the
bottom of the tunnel, which caused the ballastless track slab to crack, resulting in damage and instability to
the track structure and affecting the driving safety. The bottom drum of a tunnel is of strong regional
characteristics, and the causes of the bottom drum are various. Studies at home and abroad can only discuss
some tunnels. In order to find out the cause of the floor structure heaving, the micro-macro-engineering
characteristics of the purplish red gently dipping layered silty mudstone in the floor structure heaving section
are examined, and its influence on the tunnel floor structure heaving is analyzed. The laboratory experiment
method is used to conduct comprehensive experiments on the surrounding rock properties such as the material
compositions, microstructure, swelling, shear compressive strength, compression deformation of the silt
mudstone, and the ground stress and hydrogeological conditions of the surrounding rock. Experiments and

investigations show that the surrounding rocks in the study area can be judged as grade IV surrounding rocks
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according to rock quality evaluation standards. Its rocks are mainly composed of illite, quartz, chlorite, etc. It

does not contain swelling clay minerals such as montmorillonite. There are pores with a size ranging from 2 to

8 wm on the bedding plane of the rock, and there are primary cracks with a length of 3 ~8 pm inside the

rock. The uniaxial saturated compressive strength of the rock ranges from 11.3 to 21.8 MPa, and the rock

belong to softer rocks. The physical and mechanical parameters of the rocks are greatly affected by water

content. As the water content increases, the cohesion decreases by 50% , the compressive strength decreases

by 45% ~55% , and the elastic modulus decreases by 50% . The rock mass in the study area does not contain

swellable minerals and is not expansive. At the same time, the groundwater level has not changed through on-

site monitoring, so groundwater and expansion are not the direct inducements of the tunnel bottom drum. In

short, the geological characteristics of the surrounding rocks of the tunnel are complex and special, and the

cause of the tunnel bottom drum is not necessarily single. For the analysis of a tunnel bottom drum, multiple

angles need to be analyzed.

Keywords : railway tunnel; floor structure heaving; material composition; microstructure; expansion
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Fig.1 Schematic diagram of the kick drum position
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Table 1 Main mineral content / %

A mE B¥Ea o BKkG BOH
K106 +326 31.08 31.65 17.13 9.33  7.87 -
K107 +652  37.27 23.53 19.11 8.52  6.34 2.78
K106 +852  31.12 26.00 19.41 14.43  2.43 -
K108 +645 26.19 31.00 15.01 9.83  8.11 6.99

K109 +266  30.34 31.33 17.13  7.17 6.98 -
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Fig.2 Results of mineral composition identification at
K106 + 326
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Fig.3 Diagram showing the crack development perpendicular
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Fig.6 Free-swelling curve of silty mudstone immersion
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Fig.7 Shear failure morphology of the silty mudstone
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