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RESIN BOLT
PROJECTILES

Hazard control, Rosebery Mine




PROJECTILE FAILURE? e IR

PROGRESS M MG

Projectile failure samples
from lower mine

Typical projectile failure



PRESENTATION OVERVIEW |

 The mine

* Projectile failures

* Hazard control methods
« MSR Development

« Current status

¢« Summary



ROSEBERY MINE
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« Current stoping below Mt Black
* 1500 — 1800m below surface
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ROCK BOLT SPECIFICATIONS CABLE BOLT SPECIFICATIONS « FIBRECRETE SPECIFICATIONS
* 13X 2.4M DE-BONDED RESIN BOLTS * 8§ X6.0M CABLE BOLTS eHOLE LENGTH 6.0M « MINIMUM 50MM FIBRECRETE FLOOR TO FLOCR
= MAX. LAMRING SPACING - 11M(MAX. 1.2M) COLLARSPAGING | , MAXIMUM COLLAR SPACING 1.7M — 5 X EVENLY SPACED DEFTH STAMPS EACH CUT
— Bolts to be instalied at 90+/-10° to surface - Bit size 33 -35mm
— Hole Length maximum 2:3m * MAXIMUM RING SPACING 2.8M « SPRAY OVER BOLT AND PLATE ONLY OF i:REVlOUS
» 13X 2.4M [D47MM GALVANISED SPLIT SETS TO PIN MESH AT LAST ROW. — ALL CABLES TO BE TWIN PLAIN STRAND TYPE WITH CUTS RESIN BOLTS BELOW 2.5M, 0.01M" PER BOLT
— MAXIMUM 0.7M FROM LAST ROW OF BOLTS TO FACE FULL COLUMN GROUTING ALL THE WAY TO COLLAR | o SPRAY TO WITHIN 300MM OF FACE
- Use 150mm x 150mm galvanised plates = Bit size 43.5—44 mm OF HOLE. (NO TOLERANCE] « QUANTITIES REQUIRED:
— Split sets not to overlap resin bolt locations — SINGLE STRAND TO BE PLATED AND TENSIONED TO 5 .
————— =2 [ 13 ADV,
| @ 6 X IMESH SHEETS. MESH NO MORE THAN 1.5M FROM FLOOR TONNES AFTER MINIMUM 12 HOURS. . 3v13 FERIEORANGED
& =L 2 — 5.3M° FOR A 4.0M CUT
| — OVERLAP SHEETS BY MINIMUM 300MM MESH TO WITHIN 700MM OF FACE — CABLE BOLTS TO BE MAXIMUM 30M FROM FACE S3M°FO a
| = Long strands parallel to mesh advance
« 2 X OSRO STRAPS TO WITHIN 2.5M FROM FLOOR ~ CABLES TO BE INSTALLED THROUGH OSRO STRAFS
— INSTALL IN CYCLE WITH RESIN BOLTS ~ MAXIMUM 2.8M RING SPACING ~ TRIM TO MAXIMUM 100MM TAIL LENGTH
r = ] - [u} " . ® . A Wi 1 " T
| LEGEND: - Split sets - Split sets (Previous cut) - Resin bolts - Cable bolts %ei- OSRO Straps SOLID LINES - MESH SHEETS
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RESIN BOLTS e IR
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Two brands used at Rosebery
De-bonded Secura Bolt (23.5mm bar)
De-bonded DSI CS Bar (23.5mm bar)

Different nut & washer assembly

Both bolts have Minimal resin bond at collar !!

Face Rock

| DE-BOND LENGTH BOND LENGTH
/ 1600mm 800mm

Nut & Plate




PROJECTILE FAILURES

Failure
Location

Failure Sample
location




THE HAZARD AR
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Projectile failures from Rosebery — Lower Mine Secura bolt projectile failure



THE HAZARD AR
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Minimal plate deformation —
Impossible to identify!!




EXTENT OF PROBLEM e IR
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* Needed to quantify the problem
* Once assessment completed, levels barricaded for rectification

DRIVE TOTALFAILED| EAST WEST BACKS
Total 127 57% 38% 5%

K&N LENS

1"



HAZARD CONTROL METHODS -

Fibrecrete
Plate over

Metal Strap — Required testing!

12



HAZARD CONTROL - Fibrecrete AR
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Fibrecrete ‘cow pats’ over bolts

QA/QC

» Poor fibrecrete bond to resin bolt
bearing plates

* Unable to assess failures

Operational

« Breaking & re-establishment of
services

* Fibrecrete availability

Not practical or suitable!
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HAZARD CONTROL - Plate Over M
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QAQC

« Damage to resin bolt plate

 Dirill steels hitting bolts

» Poor plate coverage of resin
bolts

» Replacement plate pops off with
ground movement

Operational

» Breaking & re-establishment of
services

« Jumbo availability

» Bearing plate dimensions
Not practical or suitable!




HAZARD CONTROL - Plate Over
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METAL STRAP RESTRAINER- MSR AR
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I ———
Needed a solution that...
—Does not compromise the integrity of the rock bolt

—Support fixture still visible for assessment of ground

conditions

—Safe, cost effective & easy to install

16



METAL STRAP RESTRAINER- MSR [V
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MSR designed to:

* Fully contain a resin bolt projectile

failure and bearing plate

« Not damage existing resin bolt

« Safe installation

A — direction of forces from
« Suitable for both types of resin ! I

_ _ projectile failure
bolts in service

B — Deformation of MSR sustained

Required testing for typical Rosebery during bolt failure

ground conditions

17



METAL STRAP RESTRAINER- MSR AR
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Examples of MSR’s in service at
Rosebery Lower Mine




MSR TEST PROGRAME v TN
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RockBolt &
bearing plate Testing completed with Geotech Pty

Ltd NATA accredited lab

MSR

35mm DIA Hole |




MSR TEST PROGRAME RA
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Six test programmes
« MSR design

* Dyna bolt
— Cracked fibrecrete

B Solid concrete

® Cracked fibrecrete

— Loose scats behind mesh

B Loose scatt

« Cable tie option

mLoose fastener

Behind mesh

 Alternate methods

Break down of fastener testing

20



MSR TEST PROGRAME AR
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Loose ‘scat’ \

Crack in fibrecrete

Fastener through cracked fibrecrete (left) & loose ‘scat’ (right) N



MSR TEST PROGRAME e IR
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Modified original design for use with cable
ties for faster installation
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MSR TEST PROGRAME e IR
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Several alternate options were tested as a

part of the programme
Daisy Chains

 Mild steel wire

« Steel cable

These options did not meet all test criteria

23



MSR TEST PROGRAME
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SECURA BOLT TEST RESULTS: TESTS 1 TO 25

95 tests completed on Secura & DSI ——
Bolts == =

Test No. TestlD | Fastener | MsR | Double | Freefall | Freefall | comments

MSR Pass pass
Test1 s1 Pass Pass Single Pass Pass Fastener installed in solid concrete
Res u ItS : Test2 S1 Pass Pass Single Pass Pass Fastener installed in solid concrete
Test3 S1 Pass Pass Single Pass Pass Fastener installed in solid concrete
Test4 S2 Pass Pass Single Pass Pass Stiff support - behind mesh
. . Test5 S2 Pass Pass Single Pass Pass Stiff support - behind mesh
S u Cce SSfu | p rOJ e Ctl I e h aza rd m a n a g e m e nt Test6 S2 Pass Pass Single Pass Pass Stiff support - behind mesh
Test7 S2 Pass Pass Single Pass Pass Stiff support - behind mesh
f . Test8 S1 Pass Pass Single Pass Pass Scat behind mesh
o r- Test9 S1 Pass Pass Single Pass Pass Scat behind mesh
Test 10 S1 Pass Pass Single Fail Pass Scat behind mesh. Cable tie slipped off

during test due to damage to test block
Test11 S1 Pass Pass Single Pass Pass Cracked fibrecrete behind mesh

i F I b recrete d rlves Test12 s1 Pass Pass Single Pass Fail Cracked fibrecrete behind mash. Cable tie

plate restraint failed due to being too tight -
cable tie must be loose
Test13 S1 Pass Pass Single Pass Pass Cracked fibrecrete behind mesh

° M eS h ed d ri VeS Test 14 s3 Pass Fail Double Fail Pass Loose rock behind mesh. Difficult to install -

practicality issues, straps do not interact well
with each other - mesh sheet was not
properly secured for test

Test 15 S3 Pass Pass Double Pass Pass Loose rock behind mesh. Difficult to install -
practicality issues, straps do not interact well
with each other.

Test 16 S3 Pass Pass Double Pass Pass Loose rock behind mesh. Difficult to install -
practicality issues, straps do not interact well

Bearing plates held with a cable tie

controlled failure

Test17 S1 Pass Pass Single Pass Pass Loose fastener

Test 18 S1 Pass Pass Single Pass Pass Loose fastener

Test19 S1 Pass Pass Single Fail Pass Loose fastener. Failure sample fell out of

strap after failure - tie wire

Test 20 S3 Pass Pass Double Pass Pass Loose fastener

Test21 S3 Pass Pass Double Pass Pass Loose fastener

Test22 S3 Pass Pass Double Pass Pass Loose fastener

Test23 S3 Pass Pass Double Pass Pass Cracked fibrecrete behind mesh

Test 24 S3 Pass Pass Double Pass Pass Cracked fibrecrete behind mesh

Test25 S3 Pass Pass Double Fail Pass Cracked fibrecrete behind mesh

24



UNDERGROUND INSTALL e IR
e —
Risk assessment
—Minimise personnel exposure

—Effective hazard mitigation

—Level plans
Development of TARP for further failures

Training package for operators

25



TARP RA
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RESIN BOLT
DRIVE TYPE BARRICADE REQUIRED COMMENTS
PROJECTILE HAZARD

IMMEDIATE HAZARD OF RESIN BOLT
PROJECTILE FAILURE

IMMEDIATE HAZARD NO ENTRY

POTENTIAL FOR RESIN BOLT PROJECTILE
FUTURE POTENTIAL
TYPE 2 HAZARD NO UN-AUTHORISED ENTRY | FAILURE IN FUTURE — CURRENTLY NOT AN
IMMEDIATE HAZARD

RESIN BOLT INSTALLED IN LOW STRESS/
DEFORMATION REGIONS OF THE MINE —
DECLINES, CROSS CUTE, LOW
DEFORMATION ORE DRIVES ETC.

LOW HAZARD NONE

RESIN BOLT PROJECTILE HAZARD
ADDRESSED

LOW HAZARD NONE
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TRAINING PACKAGE AR
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Operators trained to install Hilti Drill
straps N
*Video

*Bolt identification
*Level plans
*TARP

Operator feed back on safe

install

» .
’ - /o

' Fastener |
Cable ties & shifter
28



TRAINING PACKAGE AR
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SECURA BOLT

+ BIG STRAP

Secura Bolt

» 1 piece nut and washer
* Fitcable tie to nut of Secura bolt

 Ensure cable tieis firm

DSI BOLT

« SMALL STRAP DSI Bolt

« 2 piece nut and washer

* Fit cable tie to bolt tail

 Ensure cable tieis firm




TRAINING PACKAGE AR
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« Use for ALL TYPES of resin
bolts

3 thick cable ties per strap —
ZIP UP TIGHT

1 thick cable tie per plate —
LOOSE TO MESH

NEVER STAND DIRECTLY IN THICK CABLE TIES
FRONT OF A LOADED RESIN BOLT




COMPARISON
——
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MSR PLATE OVER FIBRECRETE
COST OF CONSUMABLES $11 $10.00 $30
No. PER SHIFT ~300 ~150 ~100
* Easy toinstall * Remote application * Remote application
* Minimal training required for
operators
* Consistent install between
operators
PROS
* Test proven method
¢ Minimal service work/
disruptions required
* Battery life of hilti drills for * Inconsistent install between * Inconsistent install between operators
installing with fastener operators * Prep work required before jumbo -
* Not 100% effective for all services etc...
bolts * Cold joins
* Prep work required before * Equipment & operator availability
o jumbo - services etc...
* Damage to rock bolts
* Equipment & operator
availability

RAA

VMIMG

31



SUCCESS AT ROSEBERY! RA
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» 100% projectile failure containment
« 30+ fully contained failures

« All crews able to install MSR’s

» Faster installation with cable ties

 Positive feed back from

operators!!

32



SUCCESS AT ROSEBERY RA
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Failure sample contained in Projectile forces absorbed
strap by cable tie by strap, note deformation

Plate contained by
‘loose cable tie’
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Bolt optimization project
Bolt design change
« Soft bearing plate
« Change in de-bond length

Alternate bolt trials

Face Rock

I DE-BOND LENGTH

400mm 1400mm 600mm
Nut & Plate

BOND LENGTH

Current de-bonded resin bolt design 34



SUMMARY e IR
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Barricaded Risk

Problem Quantified Rectified

Assessed

35
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