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Outline

• Introduction
– Solutions for vertical stopes.

• Simulations of inclined stopes (FLAC-2D)

• Parametric analysis (influence factors)

• Discussion (filling sequence, pore pressure)

• Conclusion
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Introduction
• Backfill is increasingly used in 

underground openings
• Improves mine waste management
• Primary purpose is to provide ground 

support for rock mass
• Must asses the stress state in the backfill 

and surrounding walls
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Solutions to evaluate the stress state

• A few analytical solutions have been 
proposed; for vertical stopes.

• Some are based on the arching theory.
• The latter has been extented (2D and 3D) 

and validated using numerical results and 
physical models (Aubertin et al. 1999, 2003; Li et al. 2003, 
2005)
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Equations based on
Marston solution
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f ' : friction angle of rock-fill interface;

K : reaction coefficient.

Aubertin et al. 1999, 2003
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(after Aubertin et al. 2003)
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Three dimensional solution for estimating
stresses in vertical backfilled stopes

Li et al. 2005, CGJ
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Calculated values of vertical (a), horizontal (b) stresses versus 
the ratio h/B obtained  using 2D and 3Dsolutions with the fill in 
at rest state (see Table 1); B = 6 m, L = 10 m, c = 1 kPa, d = f = 
30°, K = 1 - sinf = 0.5, g= 20 kN/m3.
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Comparison between the proposed 3D 
solution and experimental results obtained 
on a 3D physical model backfilled with 
dense sand (data taken from Take and 
Valsangkar 2001)

Li et al. 2005
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backfill
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Numerical modelling of a narrow backfilled stope (not to scale) 
with FLAC-2D; main properties for rock mass and backfill given with 
classical geomechanical notations.
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FLAC-2D modeling: 

vertical stress s yy

Evidence of 
Arching
Effect
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Modelling results ; validate analytical solutions and show 
the influence of filling sequence (a = 90°)

Numerical simulations provide more general solutions than
Analytical equations
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Outline
• Introduction

• Simulations of inclined stopes 
with FLAC-2D 

• Parametric analysis (influence factors)
• Discussion
• Conclusion
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The reference case for inclined 
backfilled stope modelling.

Plane strain (2D),
Elasto-Plastic,

Coulomb;
Parameters given

In the paper.



15Li et al. – Minefill07

(a) (b)

Modelling results 

horizontal (a); vertical (b) 

stress distribution, 

a = 80° (nb traction +); 

backfill properties: 

E = 300 MPa, v = 0.2, 

� = 18kN/m3, f ' = 30°, 

c' = 0 kPa, y = 0°.

Asymmetric 
distribution
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Stress variation along the stope height h , for different 
stope inclinations(a) along the CL.; 

s xx: horizontal stress; s yy: vertical stress.
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Stress variation along the stope height h for different 
stope inclinations (aaaa) along the HW. 

s xx: horizontal stress; s yy: vertical stress.
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Stress variation along the stope height h for different 
stope inclinations (aaaa) along the FW. 

s xx: horizontal stress; s yy: vertical stress.
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Outline

• Introduction
• Numerical simulations with FLAC-2D

• Parametric analysis
– with influence factors

• Discussion
• Conclusion
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Stress variation along the height h of the stope for 
different backfill modulus E (a = 80°) along the CL

Not much influence
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Stress variation along the height h of the stope for 
different backfill modulus E (a = 80°), along the HW.
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Stress variation along the height h of the stope for 
different backfill modulus E (a = 80°), along theFW
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Stress variation along the height h of the stope for different 
backfill Poisson ratios v (a = 80°), along the CL
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Stress variation along the height h of the stope for 
different backfill Poisson ratios v (a = 80°), along the HW
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Stress variation along the height h of the stope for 
different backfill Poisson ratios v (a = 80°) along FW
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Stress variation along the stope height h for different 
backfill friction angle ffff ' (for a = 80°), along the CL
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Stress variation along the stope height h for different 
backfill friction angle ffff ' (for a = 80°), along the HW
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Stress variation along the stope height h for different 
backfill friction angle ffff ' (for a = 80°), along the  FW
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Stress variation along the stope height h for different 
backfill cohesion c' (for a = 80°), along the CL
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Stress variation along the stope height h for different 
backfill cohesion c' (for a = 80°), along the  HW
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Stress variation along the stope height h for different 
backfill cohesion c' (for a = 80°), along the FW
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Stress variation along the stope height h for different 
backfill dilatancy angle yyyy (for a = 80°), along the CL
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Stress variation along the stope height h for different 
backfill dilatancy angle yyyy (for a = 80°), along the HW
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Stress variation along the stope height h for different 
backfill dilatancy angle yyyy (for a = 80°), along theFW
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Outline

• Introduction
• Numerical simulations with FLAC-2D
• Parametric analysis (influence factors)

• Discussion
• Conclusion
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Other factors (ongoing work)

• Effect of modelling approach (sequence 
for filling the stopes)

• Effect of water pressure (saturated , 
unsaturated)

• Others: Effect of evolving properties 
(mechanical and hydraulic), complex 
geometry, and position of bulkhead
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Influence of modelling strategy for stope filling (a = 80°)
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Stress variation along the height h of the stope, 
with water pressure; based on Marston solution

ssss = ssss’ + u
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Main findings
• Stress state in backfilled stopes is affected by fill 

properties : f , c, n, y ; not so much by E.
• Simulations helps constrain the analytical solutions.
• Inclination a also affects the stress state, in a different 

manner along HW, FW, and CL.
Solutions proposed for vertical stopes may not be 
applicable to inclined stopes.

• Water also influences the effective stresses; must 
assess pore pressure (saturated or unsaturated 
conditions).

• Filling (and modelling) sequence affects stress state.
• Calculations results should be compared to in situ 

measurements. 
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Chair’s Partners

Phase II (2006-2011)

www.polymtl.ca/enviro-geremi
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The end!


