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FT  = full tributary load
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extracted
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w    = barrier pillar width (solid)
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r = development roadway width 

Pillar Extraction Panel 
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abutment loading conditions 
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A AFT
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Notes:

r = bord width (m)

w = pillar width (m)

h = mining height (m)

H = depth of cover (m)

e = extraction ratio = 1 - [wr/(w+r)(l+r)]

P = Pillar Load = 0.025H/(1-e) (MPa)

A = 0.5(0.025)H
2
tan(21

o
) (MN/m)

Tributary Area
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H

Htan(21o) < 0.5(W-r) for supercritical panels

Side Abutment
Load (A)

Tributary Area
Load (P) 

Parabolic Abutment Load
Distribution Profile

21o (from ACARP, 1998a)
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D = 5.13 H0.5 (from Peng and Chiang, 1984) 

(from ACARP, 1998a)
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A-B Plies

Notes: 

1. Mining Horizon located in C-E and C-G Plies  only and range in thickness 

from 1.4 m - 3.8 m.

2. Typical mining height likely to range between 1.4 m  and 2.8 m and is limited 
by development height of 2.5 - 2.6 m  throughout mining area.
F-G Horizons can only be taken by ramping down from development 
roads.

C-E Plies

F-G Plies
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H SRP

L-M SRP
Key

SRP = Subsidence Reduction Potential
L SRP = Low SRP 
M SRP = Moderate SRP 
H SRP = High SRP 
W = Panel Width
H = Cover Depth
Smax  = Maximum Panel Subsidence
T= Mining HeightL - H SRP

Note: No SRP distinguishment for panels with W/H<0.65 

Sub-critical
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Critical
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Super -critical
Panels
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L SRP = Low SRP 
M SRP = Moderate SRP 
H SRP = High SRP 
W = Panel Width
H = Cover Depth
Smax  = Maximum Panel Subsidence
T= Mining Height
e= extraction ratioL - H SRP

Note: No SRP distinguishment for panels with W/H<0.65 
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Mean Sp/T = 0.238469/(1+e-(P-25.5107)/7.74168)
R2 = 0.833

Upper 95%CL Sp/T = Mean + 0.048 for FoS<2 or 0.024 for FoS>2

Lower 95%CL Sp/T = Mean - 0.048 for FoS<2.0 or 0.024 for FoS >2

Note: Model only applies to 'squat' pillars

with w/h > 5 and likely to strain harden



Engineer: S.Ditton Client: Donaldson Coal Pty Limited

Drawn: S.Ditton ABL-002/1

Date: 1.11.10 Title: Barrier Pillar Subsidence/Development Height v. Pillar Stress over Strength Model

Ditton Geotechnical (derived from the Modified ACARP, 2003) & Outcomes for Stage 2 Abel SMP Mine  Layout

Services Pty Ltd Scale: NTS Figure No: 7b
 

  DgS 
 

 

 

  

 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

P
ill

a
r 

S
u

b
s
id

e
n

c
e

/D
e

v
e

lo
p

m
e

n
t 
H

e
ig

h
t(

S
p

/h
)

Pillar Stress/Strength (1/FoS)

Measured First Chain Pillar Subsidence Measured Final Chain Pillar Subsidence Predicted First Abel (mean)

Predicted First Abel (U95%CL) Predicted Final Abel (mean) Predicted Final (Abel (U95%CL)

Notes:
1. Pillar stress determined based on a 21o

abutment angle and double abutment loading conditions.
2. Pillar strength based on ACARP, 1998b strength formulae.
3. Roof and floor strata FoS not included.

Elastic Zone

(Pillar FoS > 2.0)



Source: ACARP, 2005 (refer to text)

Engineer: S.Ditton Client: Donaldson Coal Pty Limited

Drawn: S.Ditton ABL-002/1

Date: 1.11.10 Title: In-situ Pillar Stress v. Strain Response for a 

Ditton Geotechnical Range of Pillar Width/Height Ratios

Services Pty Ltd Scale: NTS Figure No: 7c

  DgS 
 

 

 

  

 



0.05

0.10

0.15

0.20

0.25
C

h
a
in

 P
ill

a
r 

S
u
b
s
id

e
n
c
e
 (

m
)

Analytical Model (Lower Bound Values) Emprical Model (mean) Emprical Model (U95%CL) Analytical Model (Upper Bound Values)

Engineer: S.Ditton Client: Donaldson Coal Pty Limited

Drawn: S.Ditton ABL-002/1

Date: 1.11.10 Title: Empirical v. Analytical Barrier Pillar Subsidence Prediction Model Outcomes

Ditton Geotechnical for Pillar Extraction Panels 14 to 26

Services Pty Ltd Scale: NTS Figure No: 7d
 

  DgS 
 

 

 

  

 

0.00

0.05

0.10

0.15

0.20

0.25

50 60 70 80 90 100 110 120 130 140 150

C
h
a
in

 P
ill

a
r 

S
u
b
s
id

e
n
c
e
 (

m
)

Cover Depth (m)

Analytical Model (Lower Bound Values) Emprical Model (mean) Emprical Model (U95%CL) Analytical Model (Upper Bound Values)



Engineer: S.Ditton Client: Donaldson Coal Pty Limited

Drawn: S.Ditton ABL-002/1

Date: 1.11.10 Title: Empirical Model for Goaf Edge Subsidence Prediction Above Longwall Panels in the 

Ditton Geotechnical Newcastle Coalfield with Predicted Outcomes for the Proposed Abel SMP Mine Layout

Services Pty Ltd Scale: NTS Figure No: 8
 

  DgS 
 

 

 

  

 

Mean = 0.0722(W/H)-2.557

R2 = 0.8215

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

P
a

n
e

l 
S

id
e

 S
u

b
s
id

e
n

c
e

/M
a

x
im

u
m

 P
a

n
e

l 
S

u
b

s
id

e
n

c
e

 
(S

s
id

e
/S

m
a
x
)

W/H

Predicted Goaf Edge Subsidence (mean values) Predicted Goaf Edge Subsidence (U95% CL)

U95% Sside/Smax =0.1719 (W/H)-1.9465



Engineer: S.Ditton Client: Donaldson Coal Pty Limited 

Drawn: S.Ditton ABL-002/1

Date: 1.11.10 Title: Empirical Model for Predicting the Angle of Draw from Longwall Panel Limits

Ditton Geotechnical in the Newcastle Coalfield (ACARP, 2003) and Proposed Abel SMP Mine Outcomes

Services Pty Ltd Scale: NTS Figure No: 9a
 

  DgS 
 

 

 

  

 

0

5

10

15

20

25

30

35

40

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

A
n

g
le

 o
f 

D
ra

w
 (

d
e

g
re

e
s
) 

Longwall Panel Goaf Edge Subsidence (m)

Predicted Abel (mean) Predicted Abel (U95%CL)

General Design Limit of 26.5o

Maximum Limit of 35o for Sensitive Features  

95% LCL (Mean - 8.7)

95% UCL (Mean + 8.7)

Mean AoD = 7.646Ln(Sgoe)+40.95



Engineer: S.Ditton Client: Donaldson Coal Pty Limited

Drawn: S.Ditton ABL-002/1

Date: 1.11.10 Title: Empirical Model for Predicting the Angle of Draw from High Pillar Extraction Panel Limits

Ditton Geotechnical in the Newcastle Coalfield (Holla, 1987) 

Services Pty Ltd Scale: NTS Figure No: 9b
 

  DgS 
 

 

 

  

 



+ Cmax

Abutment 

Angle 
Angle of Draw Solid Rib

- Cmax

Tmax

Concave Curvature

Convex Curvature

Horizontal 

Displacement 

(towards panel 

centreline)

Tilt

Extracted Seam Thickness, T

Inflexion Point - Emax

0.6 Smax

+ Emax

Tensile Strain

Compressive Strain

d

EXTRACTED PANELBarrier Pillar

HDmax

Barrier PillarSolid Solid 

Gate Roadways Panel Width W

DEFORMED SURFACE

Depth of 

Cover,

H

VERTICAL DISPLACEMENT PARAMETER PROFILES HORIZONTAL DISPLACEMENT PARAMETER PROFILES

Smax

Engineer: S.Ditton Client: Donaldson Coal Pty Limited

Drawn: S.Ditton ABL-002/1

Date: 1.11.10 Title: Mine Subsidence Trough Deformation Parameters

Ditton Geotechnical (adapted from Holla, 1987)

Services Pty Ltd Scale: NTS Figure No: 10a
 

  DgS 
 

 

 

  

 

+ Cmax

Abutment 

Angle 
Angle of Draw Solid Rib

- Cmax

Tmax

Concave Curvature

Convex Curvature

Horizontal 

Displacement 

(towards panel 

centreline)

Tilt

Extracted Seam Thickness, T

Inflexion Point - Emax

0.6 Smax

+ Emax

Tensile Strain

Compressive Strain

d

EXTRACTED PANELBarrier Pillar

HDmax

Barrier PillarSolid Solid 

Gate Roadways Panel Width W

DEFORMED SURFACE

Depth of 

Cover,

H

VERTICAL DISPLACEMENT PARAMETER PROFILES HORIZONTAL DISPLACEMENT PARAMETER PROFILES

Smax
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R² = 0.734
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R² = 0.5906
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Note: The Abel data points are generally 10 m

below the average for the Coalfield database due 

to  an absence of massive strata.
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For W/H > 0.8:

dt/H = 0.1643 LN(W/H) +0.2203

Note: The Abel data points are generally 10 m

below the average for the Coalfield database due 

to  an absence of massive strata.

For W/H < 0.8:

dt/H = 0.2425 LN(W/H) +0.2387
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For W/H > 0.8:

dc/H = 0.3409 LN(W/H)+0.3996
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Note: The Abel data points are generally 10 m

below the average for the Coalfield database due 

to  an absence of massive strata.


