
Chapter 9. Support design in overstressed rock 

Rock mass failure?

Depends on (1) in situ stress level, 

(2) characteristics of the rock mass, 

(3) geometry of the excavation



Support interaction analysis

(1) A circular tunnel, hydrostatic stress field

(2) Elastic-perfectly plastic rock mass (no volume change)

(3) Support as an equivalent internal pressure (rockbolts

(4) Definition of failure criterion

Onset of plastic failure

Uniaxial compressive strength of rock mass

where, 1 = axial stress at which failure occurs,

3 = confining stress,

c = cohesive strength,

 = angle of friction of the rock mass
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Support interaction analysis

(5) Analysis of tunnel behavior
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(pcr: critical support pressure)

If pi > pcr, no failure occurs (elastic behavior)
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z = 0, b  , r = a

Inward radial elastic displacement
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If pi < pcr, failure occurs

Radius of the plastic zone, rp
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Support interaction analysis

(5) Analysis of tunnel behavior

Inward radial displacement, ui

Support pressure, pi

pi = po (in situ stress)

uie elastic displacement

uip plastic displacement

pcr critical support stress



Support interaction analysis

(6) Deformation of an unsupported tunnel



Support interaction analysis

(7) Deformation of characteristics of support


