Lecture 1

Stress(() = Force/Area
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Example

For an excavation at 500m depth, what are the horizontal and vertical stresses in the nearby rockwall?


Assume 
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r = 0.026 MN/m3
K = 1.6


=>
(v 
= 500 * 0.026



= 12.8 MN/m3  (12.8 MPa)


(H
= 12.8 * 1.6



= 20.4 MN/m3  (20.4 MPa)


Cave-in if rock quality is poor, and no

Adequate support is provided.


Support: 
- rockbolt/anchor bolt

- shot crete

- timber in old days

How much support? 
- Depends on rockmass quality.


( Can influence economics, too much support, too expensive; too little ( failure.


( Need to qualify/quantify rock mass prior to construction.

Deere (1967) first to provide quantitative classification: RQD

Rock Quality Designation Index (RQD)

· See tutorial notes.

Limitations:
- dependency on orientations

- have to recognize “man-made” breaks





- expensive when compensating for orientation dependency

( Development of RQD = 115 – 3.3 (v ( volumetric joint count


Development of other classification:





1. Uniaxial compressive strength

2. RQD

3. Spacing of Discontinuities

4. Condition of Discontinuities

5. Groundwater

6. Orientation

Q – Rock Tunnelling Quality Index









Lecture 2

· One of the most important characteristics of a rock mass is UCS – Uniaxial Compressive Strength


                  P

     d

                  P

Can be obtained by:


Point load Test

· NX core (54mm diameter) recommended

· Can obtain UCS [and Young’s Modulus(E)]

· Point load index, Is = P/d2, where P = load at failure, d = diameter


UCS = Is*23.2 (for NX core)


Schmidt Rebound Hammer
· Carried in field, many measurements taken for little money

· UCS related to hardness of material

                    D

       P

· Based on rebound height of dropped mass

Uniaxial Testing Machine

· H = (2~3)*D (needed to allow stress to spread over 

entire cross-sectional surface)


· Eccentric loading not good ( introduces 

uncontrolled forces (resolve into components), 

shear (( on Mohr Diagram)





                                                   Sample

· Prevented by platens on each side of sample, 

“ball in saucer” idea, can only apply a normal

 load

                      (1
                                (3

Triaxial Testing

· Supply a confining pressure around sample 

( will be harder to fail sample due to 

“restricting” force, thus need larger load 

applied

      ( 

        0                                                     (
          (3u      (3t (1u             (1t           

( = shear stress

( = normal stress

(1u = unconfined stress (at failure)

(3u = 0 (uniaxial)

(1t = normal stress at failure with confining stress (3t.

(1>(3 by definition

· Do this for many different confining pressures, (3
· Plot all data as Mohr-Circles

· rock fails

                                                                              failure envelope

                                                                (
                                                                                            rock won’t fail

        c

                                                                                     (


( = friction angleof a rock


c = cohesion


( = ( tan( + c (y = mx +b) ( equation of failure envelope

· Can identify planes of weakness with Mohr-Circles




· From uniaxial testing machine can also obtain:

· Modulus of Elasticity, E = (/(
( = (L/L, ( can measure during experiment ( plot (  + ( + obtain E(slope)

(L/(d = (, Poisson’s Ratio

       

                      (L

L

                                     put in sensorring to determin (d

                                    (d

· Can also measure tensile strength of rock with this machine, generally low and not very important, although the root of an excavation often has some regions in tension 
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(H = K(V








1.6 for Canadian hard rock


for soils, <1, (( 0.4 clay, 0.3 sand)





No pressure to balance





12.8 MPa





20.4 MPa





RSR


Rock Structure


Rating





Geology (rock type, hardness, structure)





Geometry (orientation)





Groundwater Flow + Joint Condition





RMR


Rock Mass


Rating
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Joint roughness





Joint water reduction factor





Stress reduction factor





Joint alteration





Joint number, ie how many joint sets, spacing
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