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Deformation characteristics, mechanism and control 

requirements 

Fig. 1 Typical time-displacement curves of HSBT zones (D denotes the tunnel diameter) 
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Deformation characteristics, mechanism and control 

requirements 

Initial equilibrium state;

Triaxial Compression;

High ground stress , high confining 

pressure.

Construction, blasting: load release;

S uppor t ing  func t ion :  com bined 

bearing capacity;

High ground stress and low confining 

pressure.

Mutant variant: intuitive expression;

L oose  d eter io r a t ion :  dec r eas ed 

modulus;

W al l  cr ack  dam age :  h igh  st r es s 

difference.

Aging unloading: aging deformation;

Excavation load: time-sharing 

release;

Confining pressure loosening: 

dynamic adjustment.
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Fig. 2 Schematic diagram of the aging deformation mechanism of a high sidewall 
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Deformation characteristics, mechanism and control 

requirements 

Fig. 3 Flow diagram for the determination of deformation control requirements 

Design of the rock mass deformation control requirements

Numerical models
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Coordinated deformation control technologies 

Fig. 4 Schematic diagram of the proper excavation and construction procedures 
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Coordinated deformation control technologies 

Fig. 5 Dynamic optimization and adjustment of deformation control of a cavern group 
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Case studies of HSBT zones  

Fig. 6 Case studies of HSBT zones in Wudongde hydropower station  
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(a) Excavation of L3 construction adit at hydraulic turbine sets 
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(b) Monitoring data of the upstream side wall 
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Conclusions and Prospects  

Conclusions: 

 (1) Rapid deformation of the rock mass results from the change from a high confining 

pressure environment to a low confining pressure. 

 (2) Proper excavation and construction procedures, fine blasting control, composite and 

timely support, real-time monitoring and dynamic feedback are effective technologies to 

ensure the stability of the surrounding rock mass of the HSBT zones. 

 (3) The coordinated deformation control technologies for the HSBT zones have 

successfully solved the spatio-temporal mismatch problem between the supports and 

deformations. 

Prospects: 

 (1) Control requirements for surrounding rock deformation in large underground caverns 

 (2) Establishment of the damage models of high sidewall-bottom transfixion zones. 

 (3) Research and development of automatic warning and support systems  JZ
US-A




