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

Low stress levels

High stress levels
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wedges. Failure can propagate a long
way into the rock mass if it is not
controlled.
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g surface fails as a result of unravelling surrounding the opening fails by slid-
o o of small interlocking blocks and ing on discontinuities and crushing of

rock pieces. Floor heave and sidewall
closure are typical results of this type
of failure.

Figure 9.1: Types of failure which occur in different rock masses under low and high in situ stress levels.




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 G, = Gy + Koy

plastic failure -,
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Uniaxial compressive strength of rock mass Oy =
1-sin¢

N
“elastic deformation

Differential stress (0, — 03)

where, o, = axial stress at which failure occurs,
o5 = confining stress,
c = cohesive strength,

¢ = angle of friction of the rock mass G1 Stress-defonntion curve for
a constant confining pressure
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Support interaction analysis
(5) Analysis of tunnel behavior
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(pg,: critical support pressure)

If p, > p.,, no failure occurs (elastic behavior)

Inward radial elastic displacement
r (l+v)
o= (P, —P1)
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If p; < p,,, failure occurs
Radius of the plastic zone, r,
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Support interaction analysis

(5) Analysis of tunnel behavior

Support pressure, p;

p; = P, (in situ stress)

u,, elastic displacement

P, Critical support stress

U, plastic displacement

Inward radial displacement, u;
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Support interaction analysis

(6) Deformation of an unsupported tunnel
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Support interaction analysis

(7) Deformation of characteristics of support
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