STRESS UNDER STOCKPILES
DURING DRAWDOWN
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Introduction

The use of gravity reclaim stockpiles is widespread in the
coal industry.

Design of structural engineering based on linear
elasticity.

Stress conditions In stockpiles governed by frictional
properties.

Mechanics of stockpile systems are generally
underestimated at the design stage due to lack of
understanding of the complex geomechanical conditions
that develop within the stockpile during drawdown.
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MATERIAL PROPERTIES

Flow conditions and hence the distribution of stress within
a granular stockpile depend on a number of variables:

Granular, frictional materials
— Type of material (S.G.)
— Particle Size Distribution
— Particle Shape
— Moisture Content

Bulk density (porosity)
Diameter of discharge vent



STOCKPILE PLACEMENT PROPERTIES
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STRESS UNDER STOCKPILES

 Intuitively expect the maximum vertical stress to
be directly under the apex

 Stress = Bulk Density x Gravity x Height
6, = Y.09.H

e Experimental evidence for:
— Stress chains
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STRESS WITHIN STOCKPILES

*Grains within chains may be under a large stress,
*Grains not in chains may be under no stress at all.
*\When the material fails grains rearrange to form new
stress chain structures.

*These stress chains are likely to determine where
material failure occurs as well as the flow
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STRESS UNDER STOCKPILES

e [ntuitively expect the maximum vertical stress to
be directly under the apex

o Stress = Bulk Density x Gravity x Height
o,= Y.g.H




) S50 mm TS b S50 mm 150 mmL N
(WY (4 WERIVEN RS M SIS ERE e —t (RS0 WERT SR S S WO 20 S 5.8 U
654321078 95101112 654 3210789101112
position of cell position of cell

6000

5000
p, [Pa]
4000
3000
2000

1000

0 Hel

., hmax £ A500 mm

... 1300 mm G... himax ©... h:500mm €. /:300 mm
©.. A550mm @ H:400mm mee- 200 mm

(a)

Q... #550mm @&,., 2400 mm ¢, ..4:200 mm

(b)



0.4

Normalised vertical pressure

0.2

0.8

Y

..................................................................................

-
-

® Even2.05 4 EvenRefill 2
m  0Odd2.05 A Oddrefill2 T\
L |
L b

Even Refili 1 Even Refill 3
0Odd Refill 1 Odd Refill 3

0.5
Normalised Radius




STRESS UNDER STOCKPILES

 Formation of stress chains

e Stress maxima located at
0.4 x Radius from centre

................

o Affected by:




STRESS UNDER STOCKPILES

 Stress = Bulk Density x Gravity x Height

o, =Y .9 .H
1100 kgm™ x 9.81ms?x 17.0 m
183 kPa

e Depending on bulk density and moisture content
max G, = 240 kPa

« Additional variations may be introduced by:
— rainfall infiltration, (refer C.Detournay & R.Hart, 2008)



STRESS UNDER STOCKPILES

o, =Y .9 .H ' - ‘
= 1100 x 9.81x 17.0 e - Gl o >

= 183 kPa
* Depending on y, and moisture

max O, = 240 kPa

e Additional variations:
— rainfall infiltration, and

— bulldozers
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STRESS UNDER STOCKPILES
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FLAC Models

 FLAC-3D to model stockpile




STRESS IN STOCKPILE
FLAC-3D

Conical geometry with circular draw point
Fixed base
Initialise stress according to
o, =Y .9 .H
Mohr-Coulomb criterion
— Cohesion =0
— Friction = 40°
— Dilation = 3°



FLAC3D 3.10 Job Title: STOCKPILE STRESSES DURING DRAWDOWN

©2006 ltasca Consulting Graup, Inz.

Step 22880 Madel Perspective
19:45:22 Thu Apr 24 2008

Center, Fotation:

AL =2.137=+000 AL 10,000
i 2.547e+000 Y0000
Z. 8.002e+000 Z 50.000

Dist: 1.56332+002 Mag. 1.95
Ang. 22.500

Flane Origin: Flane Crigntation:
X:1.000e-001 Cip: 92.000
1 1.000e-001 oo: 0.000

Z:1.000-001

Contour of SZZ
Flane: on behind
Magfac = 1.000e+000
Live mech zones shawn
Gradient Calculation
-1.7500e+005 to -1.5000e+003
-1.5000e+005 to -1.2500&+003
-1.2500e+005 to -1.00002+003
-1.0000e+005 to -7.5000=+004
-7.5000e+004 to -5.0000=+004
-5.0000e+004 to -2.5000e+004
-2.5000e+004 to 0.00002+000
0.00002+000t0 2.5000e+004
Interval = 2.52+004

GEOMNET Consulting Group
Brisbane, Australia
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FLAC3D 2.10
Step 20210 Model Perspective

16:31:51 Sun Jan 16 2005
Center: Rotation;
X:-9.935e-001 X: 10.000
Y: 4.723e+000 Y: 0.000
Z: 5.076e+000 Z: 50.000

Dist: 1.633e+002  Mag.. 195

Ang.: 22.500
Plane Origin: Plane Normal:
X: 0.000e+000 X: 0.000e+000
Y: 0.000e+000 Y: 1.000e+000
Z:0.000e+000 Z:6.123e-017
Contour of SZZ

Plane: on behind
Magfac = 1.000e+000

Gradient Calculation
-1.9191e+005 to -1.7500e+005
-1.7500e+005 to -1.5000e+005
-1.5000e+005 to -1.2500e+005
-1.2500e+005 to -1.0000e+005
-1.0000e+005 to -7.5000e+004
-7.5000e+004 to -5.0000e+004
-5.0000e+004 to -2.5000e+004
-2.5000e+004 to 0.0000e+000
0.0000e+000 to 2.5000e+004
2.5000e+004 to 2.5000e+004
Interval = 2.5e+004

GEONET Consulting Group
Brishane, Australia

Job Title: STRESSES GENERATED DURING STOCKPILE DRAWDOWN




FLAC3D 2.10 Job Title: STRESSES GENERATED DURING STOCKPILE DRAWDOWN
Step 20210 Model Perspective
17:20:10 Sun Jan 16 2005
Center: Rotation:
X: 3.914e-002 X: 20.000
Y: 6.260e+000 Y: 0.000
Z: 6.045e+000 Z: 40.000
Dist: 1.633e+002 Mag.. 1.56
Ang.. 22.500
Plane Origin: Plane Normal:

X: 0.000e+000
Y: 0.000e+000
Z:0.000e+000

X: 0.000e+000
Y: 1.000e+000
Z:6.123e-017

Plane; on behind
Magfac = 1.000e+000

Contour of Z-Displacement

Plane: on behind

Magfac = 1.000e+000
-1.4504e+000 to -1.4000e+000
-1.3000e+000 to -1.2000e+000
-1.1000e+000 to -1.0000e+000
-9.0000e-001 to -8.0000e-001
-7.0000e-001 to -6.0000e-001
-5.0000e-001 to -4.0000e-001
-3.0000e-001 to -2.0000e-001
-1.0000e-001 to 0.0000e+000
0.0000e+000 to 2.2568e-002

GEONET Consulting Group
Brishane, Australia
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FLAC3D 3.10

©20086 ltasca Consulting Graup, Inc.

Step 20000 Model Perspactive
21:32.46 Thu Apr 24 2008

Job Title: STOCKPILE STRESSES DURING DRAWDOWN

Center: Fotation:

A0 0.000e+000 A0 270,000

Y 0.000e4000 o 0.000

Z:8.002e+000 Z 0.000

Dist 1.633e+002 Mag. 1.28
Ang. 22.500

Flans Crigin; Flans Orientation;
X 1.000e-001 Cip: 0.000
' 1.000e-001 OO 0.000

Z:5.000=-001

Contour of SZ7Z

Flane: on
Magfac = 1.000e+300

Live mech zones shown
Gradient Calculation
-1.5138=2+005 to -1.4000=+003
-1.40002+005 to -1.20002+003
-1.2000+005 to -1.0000+003
-1.0000e+005 to -8.0000=+304
-8.00002+004 to -5.00002+004
-5.0000=2+004 to -4.0000=+004
-4.00002+004 to -2.00002+004
-2.00002+004 to -5.116892+003
Interval = 2.0e+004
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GEQMET Caonsulting Group
Erishans, Australia
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FLAC3D 3.10

Step 20000 Model Perspective
23:39:03 Thu Nov 29 2007

Job Title: STOCKPILE STRESSES DURING DRAWDOWN

©2006 Itasca Consulting Group, Inc.

Center: Rotation:
X: 0.000e+000 X: 0.000
Y: 0.000e+000 Y: 0.000
Z: 8.002e+000 Z: 0.000
Dist: 1.633e+002 Mag.. 125

Ang.: 22.500
Plane Origin: Plane Orientation:
X: 1.000e-001 Dip: 90.000
Y: 1.000e-001 DD: 0.000

Z:1.000e-001

Principal Stresses
Plane: on
Magfac = 1.000e+000
Live mech zones shown
Compression

Linestyle
Tension

Linestyle
Max Compression = -1.854e+005
Max Tension = 5.207e+002

GEONET Consulting Group
Brisbane, Australia
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Model vs Experiment
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Reasons for Variations
Model vs Experiment

« Material (physical) properties of stockpile
— Particle size
— Moisture content
— Bulk Density (porosity)

 Particle segregation during successive fills
e Particle attrition during flow
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Conclusions: FLAC-3D

o Stress conditions modeled within a conical
coal stockpile similar to those measured In
physical experiments

* Formation of the characteristic M-shaped
stress profile Is accurately reproduced.

e Cannot Initialise the stress field as It has to
evolve based on:
— material (physical) properties, and
— geometry of flow cone within stockpile.
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STABILITY OF RECLAIM STRUCTURES
FLAC-2D

e Pre-cast concrete arches form tunnel
« Constructed by cut-and-cover method

o Stability of concrete arch depends on
stiffness of backfill cover

» Active stockpile above




JOBTIE: SRESSUNDERSIOCKPLE [sp.dat] (107 1)

ALAC (Version 5.00)

L 2.200

LEGEND

4-Dec-07 22:24
step 0
-1.150E+ 01 < x< 1.150E+ 01
0.000E+ 00 <y< 2.300E+ 01

User-defined Groups
1 oniginal_Soil

. Coal _Sockpile
B Backill BL

|| Backill B2

. Concrete_Hoor
. Concrete_Arch
Boundary plot

0

| 1.800

1.400

1.000




GEOMETRY OF STOCKPILE
RECLAIM FACILITY




FLAC (Version 4.00)

LEGEND

18-Jan-05 23:44

step 41000
-4.000E+00 <x< 4.000E+00
-1.000E+00 <y< 7.000E+00

Principal stresses
Max. Value = 4.079E+06
Min. Value = -1.648E+07

|- 6.500

0

Boundary plot

I 5.500

-+ | 4500




FLAC (Version 4.00) | 6500

LEGEND

L 5.500
18-Jan-05 23:44

step 41000
-4.000E+00 <x< 4.000E+00
-1.000E+00 <y< 7.000E+00 | 4.500

Plasticity Indicator |
* at yield in shear or vol. BRI OGRS
X elastic, at yield in past S RS | 35500
0 at yield in tension 5
Boundary plot |

0 2E 0 L 2.500




Spalling on Face Iin
front of Tension Crack




CONCLUSIONS

Maximum stress at the base of stockpile located at 0.3 to 0.4 of the
radius from the centerline.

Second high stress annulus located at one third the height of the
stockpile.

Material converging in draw cone tends to form arch against stationary
cone.

High stress at the base of the stockpile is due to the entire mass of the
material in the draw cone being transferred onto the remnant cone.

Comminution of material in stockpile will occur within the shear
annulus formed at the interface between the draw and remnant cones.

The formation of the annulus of maximum stress at the base of the
stockpile suggests that maximum loading conditions would develop on
the second and third precast concrete arches from the drawdown
chamber in either direction in the drawdown tunnel. The magnitude of
load on these concrete arches may be 35% greater than geostatic.
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