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Mean SD 

RQD 
(%) 

Estimated 
Strength 
(ISRM) 

UCS 
(MPa) 

Basement  Weathered shales, 
siltstones and 
conglomerates. 

25 - 80 R1  

Basal 
Pisolite 

TPb Denatured and 
siliceous pisolite 
with high clay 
content.  

25.2 - 82 R2 6.3 (1) 

Detrital 
Pisolite 

TPd Enriched 
goethite/haematite 
pisolite 
(brecciated). 

29.5 - 49 R2 7.9 (2) 

Clay TE Quartzy clay 
lenses, jointed. 

25 - 0 R0  

Mixed 
Pisolite 

TPm Partially denatured 
pisolite with clay 
bands. 

27.2 4 52 R1 11.3 (6) 

Pisolite 
(Ore) 

TP Goethite and 
haematite ooliths in 
goethite/haematite 
matrix. 

28.4 3 64 R2 10.3 
(18) 

Partial 
hardcap 

TPh Semi-hardcapped 
or weathered 
pisolite. 

26.8 3 64 R3 11.1 (7) 

Hardcap HTP Hardcap 
goethite/haematite. 

26.8 4 56 R2 6.4 (10) 

Note: Numbers in brackets () indicate number of UCS tests 
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Structure Type Dip (°) Dip Direction (°) SD (°) 

Bedding Planes 00 000 7 

Joint Set 1 90 178 10 

Joint Set 2 86 037 8 

Joint Set 3 85 320 9 
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Dip Inclination (Alpha angle) Proportion 

Steep 0 – 29 13.9% 

Medium 30 – 59 21.1% 

Flat 60 - 90 65% 
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Persistence (m) 
JRC 

(Micro - core) 
JRC 

(Macro – 1m) 
JCS (0.8*UCS) 

(MPa) Structure Type 

Mean SD Mean SD Mean SD Mean SD 

Bedding Planes 3.9 3.17 15 6 15 6 8 3.7 

Joint Set 1 3.0 2.20 17 5 10 3 8 3.7 

Joint Set 2 3.0 2.20 17 5 10 3 8 3.7 

Joint Set 3 3.0 2.20 17 5 10 3 8 3.7 
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1 Mesa A Geotechnical Studies - Robe River Site Visit Memorandum. Snowden, April 
2007. 
File: 070417_Mesa A Site Visit Summary 
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2 Swedge v4. Rocscience 2007. (www.rocscience.com) 
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Set 1 and 2 Set 1 and 3 Set 2 and 3
Lower Bound Joint Shear Strength Model

PoF 6.50% 8.50% 1.50%
Max Wedge Weight 
(tonnes) (95 percentile) 2.6 3.7 1.1

Wedge Width at Crest (m) 
(95 percentile) 1 1.2 0.3

Barton-Bandis Defect Shear Strength Model
PoF 0.01% 0.01% 0.70%
Max Wedge Weight 
(tonnes) (95 percentile) 5 4.2 1.4

Wedge Width at Crest (m) 
(95 percentile) 0.9 1.2 0.25

PoF 0.01% 0.01% 1.10%
Max Wedge Weight 
(tonnes) (95 percentile) 3.3 4.5 1

Wedge Width at Crest (m) 
(95 percentile) 0.9 1.2 0.25

PoF 0.02% 0.01% 1.98%
Max Wedge Weight 
(tonnes) (95 percentile) 1 1.1 0.4

Wedge Width at Crest (m) 
(95 percentile) 0.7 0.8 0.22

Batter Height  = 9 m

Batter Height  = 6 m

Batter Height  = 3 m

Batter Height  = 9 m

Mesa A Wedge Analysis
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6.3.1 Material Strength Parameters 
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Cohesion 
(kPa) 

Friction 
Angle (°) Stratigraphic 

Unit 
UCS 

(MPa) GSI mi 
Max 

σσσσ3 
(kPa) Mean SD Mean SD 

Basement 3 48 7 500 101 13 30.2 3 

Basal Pisolite 6 55 13 500 125 16 36.1 3.6 

Detrital 
Pisolite 

8 48 17 500 130 16 37.5 3.8 

Clay* 0.5    175 23 20 2 

Mixed Pisolite 10 47 13 500 125 16 36.5 3.7 

Pisolite (Ore) 10 52 17 250 100 13 46.9 4.7 

Hardcapped 
material 

15 52 17 250 116 15 50.1 5 

* The strength parameters for the clay were estimated from its material description and 
field strength, as it is considered to be outside the range of applicability of the Hoek-

Brown methodology. 
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3 RocLab v1.031. Rocscience 2007. (www.rocscience.com) 
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6.3.2 Analysis method/software 
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6.3.3 Results 
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Factor of Safety 
Area Slope 

Height Path 
Mean Minimum 

P(f) 

NE 43 m Random, 
optimised 

1.57 1.23 0.00% 

 43 m Circular 1.59 1.25 0.00% 

SW 39 m Random, 
optimised 

1.64 1.35 0.00% 

 39 m Circular 1.67 1.38 0.00% 

�

                                                           
4 Slide v5.028. Rocscience 2007. (www.rocscience.com) 
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6.3.4 Stability of Batters 
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7.2.1 Kinematic Analyses 
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7.2.2 Limit Equilibrium Analyses 
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5 Geotechnical Considerations in Open Pit Mines. WA Department of Minerals and 
Energy. 1999. 
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7.2.3 Batter and Berm Design 
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