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Disclaimer IMPALA%

 The material in this presentation is for information purposes only.

 The material has been prepared for ease of communication, rather than
technical correctness, and should not be considered in isolation or as the

final word on the subject.

« The photographs shown may show conditions and activities that are not

necessarily accepted practice, and their source will remain anonymous.

* The opinions are those of the author, and may not necessarily represent

the official viewpoint of Impala Platinum Limited.
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Typical Support Design Process IMPALA%%
\

Depth and Rock
Mass Response

%

SUPPORT
Merging  «—— DESIGN | —— Excavation

Processes / \ Height

Matching Support Excavation
to Conditions Width

Other
Features

Block Size
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Effective??
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Wedge Creation
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ombination Loading IMPALA

experiences - o : : '
onsilo experiences combination Tendon Tendon :
E)ng tensile and shear load. experiences experiences
Load is applied at an compressional tensile shear
angle to failure plane shear loading loading
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Tensile component
decreases from max, Shear
component increases from
zero. Rotation and bending
moment increases

Pure
Tension

65°

Max Tension
Shear zero

45°

Tensile loading, dilation, opening up of joints
Combinations of loading created on a horizontal failure plane under
the influence of gravity at various intersection angles

Tension
with Shear

Tendon will
lengthen and
experience
tension.
Bending
moment and
rotation occurs

30° Rotation
------ | and
........ bending
""""""" moment
decreases
............ Shear component
........ decreases and tensile
,,,,,,,,,, component increases
90° ' 90°
Pure Shear Direction Pure Shear
f lied Max Sheatr,
ot applie Tension zero
force
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. Tensile component .
Compressmnal Pure_ 0° o decreases from max, Tensile
Shear Tension 85 75° Shear component Shear
_____ . increases from zero .
Tendon wiill IR T Tendon will
shorten and o Iength_en and
experience 65 Max Tension experience
compression Sh tension
ear zero
45°
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Pure Shear

90°

Direction Pure Shear
. Max Shear,
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force

Shear loading, cause by lateral movement
Combinations of loading created on a vertical failure plane under the
influence of gravity at various intersection angles
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Excavation Orientation

/ /
2
650 {' 30°

95" 7 550

g0° to
hanging wall,
55° from
horizontal

Step-over

Tendon installation angles from horizontal

75° to hanging
wall, 70° from
horizontal

65° to hanging
wall, 30° from
horizontal

We respect, care and deliver




Bolt Profile in Hole IMPALA
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Double Shear Test TMPAT A S

grommet installed on
each of the four cutting
edges of the test jig

rounded edge of
grommet to avoid
sharp cutting edges

tested bolt
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Test Jigs

Horizontal Test

5 Testlg VA

Direction §
of applied §,/%;
Directionof [ force
applied force

Direction of

Direction
of applied

Vertical _
Vertical

failure plane
producing
shear failure

Horizontal y failure plane [l Horizontal
failure plane producing failure plane

producing shear failure [l Producing
dilation dilation
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Test Jigs IMPALA%

/. { 70° Test Jig

45° Test Jig

Horizontal Test

Direction & /F#
of applied 1/X
Directionof [ force
applied force

Direction
of applied

force

Vertical _
Vertical

failure plane
producing
shear failure

Horizontal Y failure plane [l Horizontal
failure plane producing failure plane

producing shear failure [l Producing
dilation dilation

We respect, care and deliver




Testing Process
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Tensile Failure S
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Testing Results IMPALA%‘\%
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Load vs bolts installation angle
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Test Result Graphs IMPALA%
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Combination Tests
Horizontal Failure Plane - All Angles
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Combination Tests
Vertical Failure Plane - All Angles
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Design Complete? IMPALA%‘%

* Does tendon support work?

* |Is the design complete?
* Do we know enough?

* Do we really understand how tendons support reacts in a real

rock mass and under different loading situations?
* Is this critical information?
* Does it need more investigation?

« Can designs be improved?
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