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Double Bulb (for proper resin mixing)
Resin Anchor <
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Plain 7 wire strand cablebolt <
Dome Plate, (will include
holes for grouting tubes if
\ / post-grouted)

Barrel and Wedge Anchor
(may have an anchor lock device
to indicate correct pre-tensioning)

Cable lengths variable, 3 — 8m typically

——————

ARRANGEMENT OF A TYPICAL
SOUTH AFRICAN CABLEBOLT SYSTEM
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% BARREL AND WEDGE ANCHOR SYSTEM WITH THE
R |\/| T “SUPERLOCK” ANCHOR LOCKING DEVICE
Rock Mechanics (from Amalgamated Reinforcement) FIGURE 2.2

Technology BCCOL704.ppt




— D.T.I. Barrel
Before pre-tension /_\

—=—— Silicone gel within
precision Machined
gap

. -+—— Silicone gel
After pre-tension squeezed out

(fully loaded to
required pre-tension)

% BARREL OF A BARREL AND WEDGE ANCHOR WITH
R M T THE D.T.I. DIRECT TENSION INDICATOR
Rock Mechanics (from M & ‘J Mlnlng) FlGURE 23
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FIGURE 2.4 SOUTH AFRICAN CABLEBOLTS IN-SITU

| ‘ ‘ | FIGURE 2.5 SOUTH AFRICAN CABLEBOLTS IN-SITU
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FIGURE 3.1 SINGLE 7 WIRE DYFORM STRAND (top)

SINGLE BIRDCAGED CABLEBOLT (centre)
DOUBLE BIRDCAGED CABLEBOLT (bottom)

ot — ]

Firth Rixon “Reflex” flexible bolt

Firth Rixon “Reflex” flexible bolt

Exchem “FSR” flexible bolt

Exchem “FSR” flexible bolt

FIGURE 3.2 PHOTOGRAPHS OF THE TWO TYPES OF
% FLEXIBLE-BOLT USED IN UK COAL MINES

RMT

Rock Mechanics
Technology




CROSS SECTION

PLAN

% BOLTER MINER PATTERN USED FOR HIGH DEFORMATION SITE
USING ONLY ROCKBOLTS
RMT
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—+—— [lexible Bolts

—— Rockbolts
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CROSS SECTION

Rockbolts

Flexible Bolts

PLAN

| ‘ ‘ \ | BOLTER MINER PATTERN USED FOR HIGH DEFORMATION SITE
RMT COMPRISING ROCKBOLTS AND FLEXIBLE BOLTS
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High stiffness unpretensioned

Low stiffness pretensioned

Low stiffness unpretensioned

Load

Pretension
value

Deformation

GENERAL EFFECT OF PRETENSIONING ON REINFORCEMENT STIFFNESS
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Steel double embedment
tubes 2 x 450mm lengths

Double birdcaged
cablebolt

~— Joint

— Cementitious grout

Adaptors to facilitate grip
for pull testing by the
universal test machine

AXIAL DOUBLE EMBEDMENT TEST ASSEMBLY

FIGURE 3.6
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Figure 3.7 (a) Tendon failure in tension

Figure 3.7 (b) Shear failure through the
grout or at grout / tendon interface

Figure 3.7 (c) Shear failure at the grout
hole / boundary
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FAILURE MODES FOR A GROUTED TENDON

Figure 3.7 (d) Tendon failure in shear

FIGURE 3.7
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Double embedment tube
containing Birdcage
Cablebolt in Grout

MATTH I MMM

............ _ e I
Y

prd { ;
interchangable to

accommodate different

tube sizes

Load applied to lower section of frame only
upper section remains static

Hardened steel bushes

DIAGRAM OF SHEAR FRAME FOR STEEL CABLEBOLT/GROUT SYSTEM
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Biaxial Cell

/ Rock Core

1. CORE DRILLING

2. PREPARATION FOR BOLT INSTALLATION
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Sandstone sample 142mm diameter 300mm long

Bond
length
Biaxial 250mm
cell 10MPa confining
AT fast pressure applied
setresin from hydraulic
AT bolt -~ hand pump
Bearing
plate
Hydraulic
Pull Test Jack Pullout load
applied from
Nut - hydraulic hand
: pump
Pull Bar—={:

(a) ROCKBOLT / RESIN SET-UP

142mm sandstone core grouted into a steel tube

—
w

Pull out displacement
measured by LVDT
secured to steel
embedment tube and
placed on sandstone
core

'\ :4" Grout
% tSutk()ezl confinement
g %
8 é Double Birdcage
2 ] Cablebolt
2l %
§ § g Grout
%
%

500mm
encapsulation

Steel embedment
tube

Pull out load applied by a
1000kN Tensile Test Machine

(b) TENDON / GROUT SET-UP

SCHEMATIC DIAGRAM OF THE LABORATORY SHORT ENCAPSULATION
PULL TEST FOR (a) ROCKBOLT/RESIN (b) TENDON GROUT

FIGURE 3.9
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Double birdcaged and grout

600 o o
British Coal lower limit
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Load (kn)
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Single bifdcage and grout
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Displacement (mm)

AXIAL REINFORCEMENT PERFORMANCE OF THE ROCKBOLT, DYFORM
STRAND AND SINGLE AND DOUBLE BIRDCAGED CABLEBOLTS
DETERMINED BY THE DOUBLE EMBEDMENT
PULL TEST METHOD
RMT

Rock Mechanics FlGURE 310
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FLEXIBLE BOLT / AT RESIN

" AT ROCKBOLT / AT RESIN } TYPICAL RESULTS

Load Tonnes

Bond Displacement (mm)

FIGURE 3.11 TYPICAL SHORT ENCAPSULATION PULL TESTS IN
CONFINED SANDSTONE (250mm EMBEDMENT LENGTH)

600 = DOUBLE BIRDCAGE

480 =

360 =

Load (kN)

240 7

120 1

T Ll 1
0 8 16 24 32 40

Displacement (mm)

FIGURE 3.12 LABORATORY SHORT ENCAPSULATION PULL TEST
RESULTS FOR A DOUBLE BIRDCAGED AND
% ALTERNATIVE CABLEBOLT IN GROUT
IN SANDSTONE CORE
RMT (450mm EMBEDMENT LENGTH)
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FIGURE 3.13 LABORATORY SHORT ENCAPSULATION PULL TEST RESULTS
FOR DOUBLE BIRDCAGED CABLEBOLTS PULLED AT VARIOUS
STRAIN RATES IMMEDIATELY AFTER GROUTING
(450mm EMBEDMENT LENGTH)
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FIGURE 3.14 LABORATORY SINGLE 2.4m LONG ENCAPSULATION PULL

TEST ON A PRETENSIONED COMBINED SYSTEM IN SANDSTONE
CORE AT A CONSTANT STRAIN RATE
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> » Movement

Size of arrow denotes magnitude

% DIAGRAM SHOWING MECHANISM OF ROOF FAILURE DUE TO SHEAR
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TYPICAL ROOF FALL INVOLVING A SLIP FEATURE
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CROSS SECTION
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<4— Fast set resin capsule
Resin mixed by spinning
flexible bolt through it
during installation

Thixotropic Grout
(capram or similar)

Encapsulated in grout

STEP 1 STEP 2

AFTER DRILLING ROOF BOREHOLE RESIN THE FLEXIBLE BOLT IS PUSHED
CAPSULE PUSHED TO BACK OF HOLE, THROUGH THE GROUT THEN SPUN

THEN REMAINDER OF HOLE FILLED WITH THROUGH THE RESIN CAPSULE AND MAY
THIXOTROPIC GROUT BE PRETENSIONED

INSTALLATION OF FLEXIBLE BOLTS AT LENGTHS GREATER THAN 5m
UTILISING COMBINED RESIN AND GROUT ENCAPSULATION

]
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Technology BCCOL704.ppt




CHAPTER S5



SOUTH AFRICAN CABLE ANCHOR SYSTEM

Hole drilled with 36 — 38mm diameter

/ using full spade carbide drill bit
[ P

Twin bulbed section Plain smooth strand
of cable spun into resin.
This section approximately <

0.5m long

Plain unbulbed
strand in resin

Alternative strand

Unbulbed section of cable }V

anchor back grouted with
South African cable bolt grout. ﬂ

This is approximately 5.5m long /

Snee

RMT FIGURE 5.1
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LEGEND

1. South African Cable Anchor — Bulbed plain strand in Fasloc resin
2. South African Cable Anchor — Notched strand in Fasloc resin

3. South African Cable Anchor — Plain strand in Fasloc resin
4. South African Cable Anchor — Bulbed plain strand in Fasloc resin

5. South African Cable Anchor — Plain strand in Fasloc resin
6. South African Cable Anchor — Notched strand in Fasloc resin

7. South African Cable Anchor — Notched strand in SA grout
8. South African Cable Anchor — Plain strand in SA grout
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LABORATORY SHORT ENCAPSULATION PULL TEST RESULTS FOR SOUTH
AFRICAN CABLE ANCHOR SYSTEM TESTED IN CONFINED HOLLINGTON
| ‘ ‘ | SANDSTONE (CONFINEMENT 10MPa / EMBEDMENT 250mm).
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Core failure local to bulbed section of cable

BULBED PLAIN STRAND IN FASLOC RESIN (TEST 1)

CREST MINING / BULBED END
ANCHOR BOLT

LPT / 0900GW4

BULBED PLAIN STRAND IN FASLOC RESIN (TEST 4)

SAMPLES AFTER TESTING IN RESIN IN CONFINED
HOLLINGTON SANDSTONE USING THE LSEPT METHOD
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FIGURE 5.3

BCCOL704.ppt




Seee

RMT

Rock Mechanics
Technology

i

UNBULBED PLAIN STRAND IN FASLOC RESIN (TEST 3)

CREST MINING / SMOOTH PROFILE
ANCHOR BOLT

LPT /0900GWS5

UNBULBED PLAIN STRAND IN FASLOC RESIN (TEST 5)

SAMPLES AFTER TESTING IN RESIN IN CONFINED
HOLLINGTON SANDSTONE USING THE LSEPT METHOD

FIGURE 5.4
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UNBULBED NOTCHED STRAND IN FASLOC RESIN (TEST 2)

CREST MINING / NOTCH PROFILE
ANCHOR BOLT

LPT /0900GW6

UNBULBED NOTCHED STRAND IN FASLOC RESIN (TEST 6)

% SAMPLES AFTER TESTING IN RESIN IN CONFINED
RMT HOLLINGTON SANDSTONE USING THE LSEPT METHOD
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UNBULBED NOTCHED STRAND IN SOUTH AFRICAN CABLE

SAMPLE AFTER TESTING IN GROUT IN CONFINED

ANCHOR GROUT (TEST 7)

HOLLINGTON SANDSTONE USING THE LSEPT METHOD

FIGURE 5.6
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UNBULBED PLAIN STRAND IN SOUTH AFRICAN CABLE
ANCHOR GROUT (TEST 8)

SAMPLE AFTER TESTING IN GROUT IN CONFINED
% HOLLINGTON SANDSTONE USING THE LSEPT METHOD
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240

AT rockbolt in AT resin
200 Cable Anchor Bulbed Section in Fasloc resin

160

Cable Anchor Bulbed Section in Fasloc resin

Load (kN)

120

80

40

] ] ] ] J
0 4 8 12 16 20

Displacement (mm)

COMPARISON OF THE PERFORMANCE OF THE BULBED CABLE ANCHOR
INSTALLED IN FASLOC RESIN IN A 38mm DIAMETER HOLE
WITH
AT ROCKBOLT INSTALLED IN AT RESIN IN A 28.5mm DIAMETER HOLE.
(BOTH USED ROCK CONFINEMENT OF 10MPa AND EMBEDMENT

% LENGTH OF 250mm)

RMT FIGURE 5.8

Rock Mechanics BCCOL704.ppt
Technology




240

AT rockbolt in AT resin
200
160
=
<
s
S 120 |-
80 |-
Notched strand unbulbed in Fasloc resin
40 |=
Notched strand unbulbed in Fasloc resin
Smooth strand unbulbed in Fasloc resin
0 = i +— Smooth styand unbulbed jn Fasloc resin
0 4 8 12 16 20

Displacement (mm)

COMPARISON OF PERFORMANCE OF UNBULBED SMOOTH AND NOTCHED
STRAND CABLE ANCHOR INSTALLED IN FASLOC RESIN IN 38mm DIAMETER HOLE
WITH
UK AT ROCKBOLT INSTALLED IN AT RESIN IN A 28.5mm DIAMETER HOLE.

(CONFINEMENT 10MPa / EMBEDMENT 250mm)

RMT FIGURE 5.9
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S

S 120 |-

80

40

Smooth strand unbulbed in grout
Notched strand unbulbed in grout
0 / | l | | |
0 4 8 12 16 20

Displacement (mm)

COMPARISON OF PERFORMANCE OF SMOOTH AND NOTCHED UNBULBED CABLE
ANCHOR INSTALLED IN FASLOC RESIN IN 38mm DIAMETER HOLE
(CONFINEMENT 10MPa / EMBEDMNET 250mm)
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1. 7 Strand Flexible Bolt — Test 1
2. 7 Strand Flexible Bolt — Test 2

3. 7 Strand Flexible Bolt — Test 3
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LABORATORY SHORT ENCAPSULATION PULL TEST RESULTS FOR UK
FLEXIBLE BOLT SYSTEM TESTED IN CONFINED HOLLINGTON SANDSTONE
(CONFINEMENT 10MPa / EMBEDMENT 250mm)
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Shearing evident on resin/rock
interface for all three tests

T e e T I_i"
o T ._'H: o -!‘.?JT A3

FIGURE 5.12

FIGURE 5.13

FIGURE 5.14

Seee

RMT LABORATORY SHORT ENCAPSULATION PULL TESTS
IN HOLLINGTON SANDSTONE — FLEXIBLE BOLTS AND AT RESIN
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120

Flexible bolt in AT resin

rockbolt in AT resin
Bulbed plain strand in Fasloc resin

80

Unbulbed Notched strand in Fasloc resin

40

Unbulbed plain strand in Fasloc resin
IUnbulbed strar|1d in South Afri?an grout

J
0 4 8 12 16 20

Displacement (mm)

PERFORMANCE COMPARISON FOR CABLEBOLT SYSTEMS
BASED ON LABORATORY SHORT ENCAPSULATION PULL TESTS

FIGURE 5.15
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10 15

Displacement (mm)

DOUBLE EMBEDMENT TESTS ON FLEXIBLE BOLTS IN
SOUTH AFRICAN RESINS (450mm EMBEDMENT)

FIGURE 5.16
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CABLE ANCHOR | <> WO 0 C[)
TRIAL ROAD ~ e
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FLEXIBLE BOLT < W \
TRIAL ROAD A \‘?2.\ . <>
b ) 1

TWISTDRAAI CENTRAL COLLIERY
4 SEAM- SECTION 71
% FLEXIBLE BOLT TRIAL SITE
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ARRANGEMENT FOR DOUBLE EMBEDMENT PULL TEST
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