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Failure mode of columnar jointed basalt tunnel and its mechanism simulation

HAO Xian-jiel, FENG Xia-tingl’ 2, LI Shao-junl, JIANG Quanl, DUAN Shu-qianl, LI Shuai-junl, YAO Zhi-bin’
(1. State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei

430071, China; 2. College of Resources and Civil Engineering, Northeastern University, Shenyang, Liaoning 110004, China)

Abstract There are many hidden joint planes in columnar jointed rock mass. The failure mode of columnar jointed rock mass is
different from that of ordinary rock mass due to the crack of hidden joint plane. Its failure mode is mainly influenced by the
extremely developed joint and high geostress. Because of the extremely developed joint in columnar jointed rock mass, the failure
mode controlled by rock mass structure is the main part of damage mode, which includes joints plane slip (collapse) under single free
face, joint plane slip (collapse) under multiple free faces, joint collapse combined with dislocation interface and fault, etc. The failure
mode controlled by geostress is the second part of damage mode, which includes concrete layer cracking at crown of valley side. The
failure mode controlled by the combination of geostress and rock mass structure is the third part of damage mode, which includes
jointed rock mass caving at the lithologic boundary, etc. The failure mode at the surface of columnar jointed rock mass is tension
cracking of the joint between columns and joint inside the column. Shear cracking of the joint between columns mainly happens in
the surrounding rock. So the corresponding support of columnar jointed rock mass should mainly include two aspects: the shotcrete
with steel fiber is mainly to prevent the tensile cracking at the surface of columnar jointed rock mass, and the anchor system is mainly
to control the shear failure inside the columnar jointed rock mass.
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Fig.1 Columnar jointed rock mass distribution in
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Fig.2 Cracking of columnar jointed rock in tunnel
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Fig.9 Joint collapse combined with columnar joints and
dislocation interfaces in diversion tunnel
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Fig.12 Typical failure modes of columnar jointed rock
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Fig.13 Typical distribution map of plastic zone of
columnar jointed rock mass
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18
Fig.18 Drilling situation of columnar jointed rock mass
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