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Background

• Stability graph method (SGM) is an empirical method for dimensioning open 

rooms/stopes and support design based on Q' and other three factors.

-An empirical method based on Q-system

-For initial dimensioning and support design for open stopes

-Developed in 1981 (Mathews et al., 1981)

-Modified in 1988 by Potvin and called Modified Stability Graph Method

• Site specific conditions 

• Uncertainties in data and analysis



Goals of the project

• Improve the data collection approach for assessing stope stability with focuses on applying advanced 
scanning technology and selecting critical input parameters;

• Calibrate the three-dimensional numerical modelling methodology developed from previous pre-study 
project to reconcile observation;

• Examine the feasibility of using machine learning techniques to predict open stopes' stability using data 
from on-site cases and numerical models;

• Develop guidelines for qualitative and quantitative collection of input parameters used in stope design; and

• Develop new stope design tools/guidelines to reduce dilution and waste rock with the aid of numerical 
modelling and machine learning techniques based on on-site collection of cases and case histories from 
different rock masses in Swedish underground mines.



Results so far

•Improve the data collection approach

Discontinuities set extractor Overbreak calculator

Geological information extractor
Level 925 950 975 1000 1000 1025 1025 1050 1000 1000 1000 1025 1025 1025 1050 1050 1050 1050

Room A1 A3 A3 A5 A11 A9 A11 A9 A7 A9 A13 A7 A13 A15 A7 A11 A13 A15

Dolomite 24.41 46.16 24.21 7.81 62.51 41.28 62.79 8.70 29.68 53.10 63.57 18.79 53.91 33.18 3.70 35.79 41.72 17.50

Kvartsit 26.17 0.00 0.00 0.00 0.00 0.00 4.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.18 0.00 0.00

Chert/Kvarsiter (16) 15.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Glimmerkvartsit (148) 0.00 18.95 31.61 32.69 6.68 33.16 7.68 67.28 34.30 1.15 12.68 42.96 23.79 15.13 28.36 34.52 18.46 49.92

Flogopitkvartsit (202) 0.00 5.98 12.28 39.61 4.52 0.84 16.70 0.84 13.73 0.00 0.00 5.62 1.07 6.19 18.50 16.70 1.07 4.06

Sericitikvartsit (106) 1.88 11.26 16.24 0.00 13.40 0.00 0.00 0.00 0.00 2.76 5.92 0.00 0.00 13.87 2.73 0.00 8.83 0.00

Talkskiffer (152) 0.00 3.75 0.00 2.58 0.00 1.81 0.00 3.38 0.60 3.52 0.00 0.60 0.00 0.00 1.49 0.00 0.00 0.00

Flogopitskiffer (200) 27.41 8.47 9.69 14.09 7.00 14.50 8.65 18.01 16.93 27.21 15.71 28.66 18.71 19.00 44.44 7.73 27.40 22.79

Skarn (109) 0.00 0.00 0.00 0.00 2.35 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Massiva sulfider (170) 4.53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.34 0.00 0.00 0.00

Semi massiva sulfider (307) 0.00 0.00 2.50 3.22 0.00 7.22 0.00 0.60 0.00 11.61 1.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Diabas (132) 0.00 3.03 3.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Tremolitskarn (181) 0.00 2.39 0.00 0.00 3.53 1.18 0.00 1.18 4.76 0.65 1.02 3.37 2.53 6.24 0.45 1.08 2.53 5.72

Kalkstensbreccia (190) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.41 0.00 0.00 0.00 0.00

Sum 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Deswik Cloud points

Data 

sources
Data 

Extractors



Results so far

•Calibrate the three-dimensional numerical 

modelling methodology

Displacement criteria

Normal Threshold:  2 mm

Shear Threshold:    9 mm

𝐸𝐿𝑂𝑆=
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑑𝑒𝑡𝑎𝑐ℎ𝑒𝑑 𝑏𝑙𝑜𝑐𝑘𝑠

𝐴𝑟𝑒𝑎 𝑜𝑓 𝐹𝑎𝑐𝑒
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un>normal displacement threshold us>shear displacement threshold
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• Three dimensions

• Multiple joint sets

X 

(𝜎ℎ)Y (𝜎𝐻)

Z

𝜎𝑉 = 𝑥𝑥𝑥 ∙ 𝑍

𝜎𝐻 = 𝑥𝑥𝑥 ∙ 𝑍

𝜎ℎ = 𝑥𝑥𝑥 ∙ 𝑍

 
Figure 2. Major principal stress redistribution and the maximum stress σmax at the centre of the roof, hanging 
wall and sidewall respectively in Case 15. 

Numerical simulation

Data collection on site
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Results so far

•Examine the feasibility of using machine learning techniques

A feed-forward neural network 

(FFNN) classifier

Stewart and Forsyth (1995)
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Results so far

•Mechanism analysis
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Results so far

•Develop new stope design tools & data collection guidelines
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Summary and Further studies

❑ Summary

• Data collection improvement

• Numerical model calibration methods 

• Application of machine learning technique in SGM 

• New stope design tools/guidelines development (PSGM)

❑ Further studies

• Standardization in data collection - Documentation

• Automatization  and in data collection – Development and Integration of Image/AI based method

• Automatization in data calculation and analysis - MATLAB application development



Mining innovation for a 
sustainable future
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