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— SAFETY MESSAGE

Enhanced Support

It has been well documented that dynamic support systems enhance safety
preventing serious injury and fatalities.

For the supplier, every effort must be taken to ensure quality control and ready
stock of all bolt types required by customers. Relationships need to be built
based on communication and mutual trust.

With 3 decades as customer and now 6 years as supplier, | am in the unique
position of having seen it from both sides. Work as a team to meet your common
goals, particularly continuity of quality product to your minesite. Be honest and
open, work together.
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— Workplace Safety North 2014

Changes to Enhanced Ground
Support Systems at a Glance

» Face bolting standards first introduced
at Creighton are now widespread in the
mining industry.

»  The dynamic/static fully grouted
combination support system using
MCB-33 and rebar has now been fully
replaced by D Bolt and similar designs.

» Advances in remote bolting technology
remove Workers further back from
unsupported ground for enhanced
safety. While installation of cartridge

resin can be successful in good ground WSN SYMPOSIUM - DYNAMIC GROUND SUPPORT APPLICATIONS
conditions, rock fragments within the

borehole (typlcally removed by an VALE CREIGHTON MINE FIRST PASS ENHANCED SUPPORT
operator in semi-automated #4 Galvanized Screen installed with'Rebar/ MCB33 Back & Shoulders

installations) tend to be problematic. using 6” washer plates and #0/0ga mesh squares

46mm (Welded Ring) Friction Set Walls
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= Why Dynamic Bolts:
Challenging Ground Conditions

Rock Bulking / Squeezing Ground Conditions Rockburst/ Effective Opening Span
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= Why Dynamic?
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— Why Fully-Grouted?
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=== Ground Support
System Selection?

Consider fracturing
following
development blast
and future bulking
expectations based
on stress
redistribution as the
mining front
advances.

\ T~ DBec 4 2012 approx. profie

L.

“  — Aug 21 2013 appren. profie

Dec 4 2012 profile

Aug 21 2013 profile

—d

MINING 2010 (A. PUNKKINEN, MAMIDI)

PROFILE: INTERNATIONALJOURNAL OF ROCK MECHANICS (GROCCIA, CAl, PUNKKINEN)
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Introduction

> With many mines approaching rock alros5e
greater depths resulting in
Increases in stress or adverse
changes in geological
conditions, implementation of -
dynamic support systems are reinforce
introduced to assure safety of
operations.

rock loads

Kaiser et al., 1996

> The degree of fracturing
resulting in large depth of
failures over time and
squeezing in primary
development due to high stress
conditions will result in
significant effort to keep the
borehole open long enough to
be able to install the support
component, particularly in
walls and shoulders.




— Technology Removing Workers from Hazardous Conditions
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== 2023 WSN Theme: Evolution of mining safety: Past reflections and future innovations

» With a widespread
adoption of urea-silicate
injection resins, it is now
possible to efficiently
inject hollow core bolts,
eliminating previous issues
with remote bolting
installation.

» Prior to adoption of any
ground support system,
extensive trials must first
be performed,
underground and at
independent laboratories.
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— Pumpable Resin

TECHNICAL DATA

Clear-light straw L.
Colour I c ) = Brown liguid
liguiid
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¥ 1.20-1.57 gfem? | 1.15-1.35 glemn?
at 20°C
Wiscosit
i 400:150 mPas | 4002100 mPas
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= 2000x magnification a scale (10-micron range scale shown, bottom right).

= STORAGE

{ HEALTH & SAFETY

lozal Mormet representative.
15 Nov/2021

A good resin with even matrix of polyurethane and closed
cells with silica balls.

TamPur RBG 350 must not be subjected to freezing
conditions during transportation and storage. TamPur REBG
350 has a shelf ife of 12 months when stored in unopened
containers out of direct sunlight, in a well-ventilated and
dry ares where the temperstures is between 5°C and 35°C.

TamPur REG 350 should only be used as directed. We
slways recommend that the Safety Data Sheet (SD5] is
N carefully read prior to applicaton of the material. Cur
recommendations for protective eguipment should be
N strictly adhered to for your personal protection. The Health
& Bafety data sheet is available upon requast from your

2 P
4 ¢

19gm

5%2,000//
AR L A A Y

Bad resin — resulting in low strength and plasticity (toughness)
with messy structure of long crystals of polyurethane resulting
in brittle resin.

normet



. Urea Silicate Resins

ROCK AND
GROUND SUPPORT

Non-Foaming Rock Bolt Grout (RBG) Foaming

A0 / /;

Non-Foaming & RBG are solid resins and used fundamentally as a glue in rock formation or securing rock bolts
Foams are a high expansive system and used for filling voids
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- SDDB Configuration

CURRENT CANADIAN SDDB STYLES

G
STYLES R NEVADA Style - Group A 2.4m
zZ 58 9 0 250-1100-1050 (Avg. length r32-Smooth-r32)
S 5 2 B u
2 5 8 3 | p i
g S gu | Utimateload (kN): Z30KN-250KN Nordic Style - Group B 1.5m
g 08B EST A 150-1200-150
a [ H :ri Wesght (kg/m): 2 75kg
23U H |e (A200mm}: 2159 .
g ¢ ﬁ - D e e il Onaping Style - GroupC ~ 2.4m
" H M H 600-1200-600
™ r I o
H H Lf Uitimate Load (kN): 2250 kN h
HH H Yield Load (kNE: 2160 4N a In Production:
Weight (kg/m): 3.0kg B §
Elongation (A200mm): 2 15% g Westwood Style - GroupB  2.1m
J1D smooth section ~23. 3mm > 250-1250-600
| timate Load [kN}: 2250 kN
ﬁ ield Load (kN): 2160 N New:
N 4= eight (kg/m}): approw 34k | C )
npon U longation (A200mm}: 2 15% NEVADA-Onaping Group B 2.4m
T D Smooth Section ~20.5mm 250-1550-600
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— Group A-B-C Manufacturer Specifications

TECHNICAL DATA  Group A

Technical Data

Ultimate Load (kN) > 230 kN /> 245 kN

theoretical / typical

Yield Load (kN)

theoretical / typical > 140 KN/ = 160kN

Weight (kg/m) +2.75kg

Elongation (A 200 mm) = 15%

TECHNICAL DATA Group B TECHNICAL DATA  Group C

Technical Data Technical Data

Ultimate Load (kN) > 250 kN /= 270 kN Yielding Load Min.190 kN
theoretical / typical Ultimate Load Min.270 kN
Yield Load (kN) > 160 kN / = 180 kN Elongation (A 200 mm) 2 15%
theoretical / typical Min. 162 KN-
Weight (kg/m) +3.0 kg Shear Sirength typical over 200 kN
Elongation (A 200 mm) = 15% Mass per meter 35 kg

normet

5

‘



— Underground Pull Testing (Group A — Nevada)

300

280 _— =f=Bolt #1

Nevada type Lab Test - Continuous

R32 Section Only :

2' Bond Strength to 230kN / —— | = Bolt #2
| Yield: >140 kN

UTS: 230 kN - 280 kN

\

== Bolt #3

=i Dol ##4

= Camnet Nevada 1

160 -

140 4

Field Data Normalized at
100 kN to Lab result to
adjust displacement values

0 20 40 60 80 100 120
Displacement (mm)

Underground Pull Testing. Showing Canmet Lab Result
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— Group A- Indirect Drop Test 15t Impact 29.92 kJ

Specimen NEV-2 Drop 1
Mass = 2006.35 kg; Height=1.52m
Energy = 29.92 kJ; Velocity = 5.46 m/s

——|mpactLoad —Plate Load -——PlateDispl. —— Toe Displ -
160 - 120
The plate displacement
is not avalaible from this
300 ___,..-f";" | point: the target moved | | 100
______ 270 Typical ________d el & o ___ULTIMATE .

60

Load (kN)
=i N
3 8
It
3
Displacement (mm)

120 — t - 40
80 20
0 0
3.000 3.014 3.027 3.041 3.055 3.088

Time (s)
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— Group B- Indirect Drop Test 15t Impact 29.92 k)

Specimen NEV 3 - NOR 2 Drop 1
Mass = 2006.35 kg; Height =1.52 m
Energy = 29.92 kJ; Velocity = 5.46 m/s

= Plate Load =——=ImpactLoad -~ Plate Displ ~Toe Displ

__310Typical I ULTIMATE

Displacement (mm)
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— Group C- Indirect Drop Test 15t Impact 29.92 kJ

Specimen ON-05 Drop 1 USING NORTH AMERICAN RESIN
Mass = 2006.35 kg; Height = 1.50 m
Energy = 20.62 kJ; Velocity = 5,42 m/s Spaciman ONA-C-5 Drop 1

Mass = 2006.4 kg; Height =1.5m
Energy = 29.9 kJ; Velocity = 5.4 mis

=|mpact Load ===PlalgLoad ——Plate Displ. ——Toe Displ
=—|mpact Load =——Plale Load —Plate Displ ===Toe Displ
500 150
450 135 450 135
400 120 it -
________ oy MW I N 105, __gep A T
[_ \ ﬂ,.._..ﬂ—"‘"' ~ j“?\\_h V — =
z 300 "~ f N —f {0 A S R —DN\ =
o X T TTAS e O S S Iy
= i gt E
5 250 }—n N 75 > I / \ £
i [ Y __/ \ % 250 — = 75 E
200 = 60 3 V v \ g
I f/ \ 8 200 - 60 8
150 I \ — \ 45 / \ g
100 V4 ™ 10 ya . {4 @
[ ( i A . ¥
50 15 i A R 30
{ i & :
0 v . TN SRR P . - . A . i} = = 15
2665 2674 2883 2692 2702 2711 a0 2728 S PR . N e -«-.__,f*-—ﬁ----—a._\fﬁ
Time (s) - —
2889 2.887 2805 2.813 2822 2830 2838 2046
Time (s)



== Lab Testing Group A-B (2019)

Break on Threaded Section

Urea-Silicate Injection Resin with SDDB — Static Shear Tests

. Maximum y
Yield Failure :
Shear Displacement Type of
Sample # | Load Tl Load config.
(kN) (kN) (kN) (mm)
On
A NEV-9 76.0 196.5 131.3 27.3 thread
NEV-8 /
Al D2oPlate | 65.4 | 2242 | 2036 31.1 S s
B NOR-5/ Enlise
D17 Plate | 82.2 259.7 166.7 29.0
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= Lab Testing Group C (Q4-2020)

Max. Shear Load

in Pipe — 2019

Group A
Max. Shear Load 259.7 kN
in Pipe —2019
Group B
Max. Shear Load 286.2 Kn
in Pipe — 2020
ON-04: Failure profile ON-12: Failure profile ON-13: Failure profile
» Group C
Table A.3 - Shear Test Results
Initial Belt Final Bolt ; Maximum .
O g i Cantigation Length Length Elongation | Yield Load Load Failure Load | Displacement ERTEIT:
{mm} {mmy) {mm] L] (kM) (kN) {mmy)
ON-04 Onaping Direct ehear, hardened resin in cone 2412 2415 3 7a.T 214.6 108.2 124 Failed mid-bar
ON-12 DI‘IEIp-mE Shear on ol Emubad inside of stee! tube 2408 2411 3 1038 2826 2098 2T Faited mid-bar
ON-13 Onaping Direct ehear, nude bar with no resin 2410 2415 5 756 206.8 1824 132 Failed mid-bar

RasMin10 2022 A. Punkkinen / Canmet Testing Q4 2020
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== Typical SDDB Shear Strength vs. Ultimate Load
as Measured within Resin Grouted Tube

R32 SDDB Max. Shear Load

Pipe — 2019 Group A 224.2 kN
Pipe — 2019 Group B 259.7 kN
Pipe — 2020 Group C 286.2 Kn

Ultimate Load -
Typical (Indirect

Drop Tests
29.92 kJ)

270 kN

310 kN

345 kN

Measured
Shear Strength
(% of Ultimate)

83.0%

83.8%

83.0%
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== SDDB R32 THREAD CONFIGURATION EXAMPLES

Fracturing Est. (underground) 400mm

250 mm

0.4 0.5 0.6

Distance From Collar fm)

0.0 0.1 0.7

1600 mm 550 mm

Plate Position
Collar

= 350 mm =

600 mm

Elongation
-

1200 mm 600 mm

No Fracturing in Lab Test Steel Tube R32

«—

SDDB Onaping nts

Encased in RBG

0.9 1.0
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— Pull Testing (Group A)

20

Load (ton)
=
n

10 4

Group A Nevada- (1-Pass 51mm Hole)
2 x 2.4m Connected

Fracturad Ground

[ Settling

10 0 30 40 50 &0 70 &0

Displacement {mm})

Smooth Bar at Collar

e Byt #1

== Eolt #2

—ip= BOlT#3

v Bl #4

st CaNMet
Mevada 1

m=ifm LabTest on
20mm D-
Bolt
Batwean
Anchors

All tests in fractured rock, clear post-yield plastic behaviour

Load (KN)

-20.00

Test 1-4 exhibit stiff behaviour (250mm R32 section locked
in Shotcrete)

Test 5 reveals clear post-yield plastic behavior of the smooth
bar section after yield, no bond at shotcrete

350.00 )
2022 Nevada Bolt Pull Tests through Shotcrete
No further Displacement Possible (At full Bolt Continues to Pull at 30 tons following
300.00 capacity of 30 ton testing rig) Collapse (Capacity of Testing By

250.00

200.00 B =——Bolt 1

—Bolt 2
150.00
—Bolt3
100.00 Bolt 4
——Bolt5

50.00
——~Canmet Pull Test Nevada

20.00 40.00 60.00 80.00 100.00 120.00

-50.00
DISP (mm)

R32 Thread within Shotcrete
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— Pull Testing (Group C)

30
2023 Group C - 4.8m De-Bonded SDDB Bolt Pull Tests
25
L
20
w—Tast|D:01 - 51mm
=15 4.8m 3L -
g ]
s 2
=] c
£ ——TestiD:02 - 51mm ]
'g 4.8m 3L =
S pull Test Legs g
Punching =
through
Shotcrete
5
0
0 10 20 30 40 50 60 70 80 90 100
-20.00
-5
DISP (mm)

35

R32 Collar: No further Displacement
Possible (At full capacity of 30 ton testing

rig)

25

20

15

10

2023 Group C - 38mm SDDB 2.4m Bolt Pull Tests - Two Pass No Bit

f\_.ﬁ,ﬁf«w—f
{
J

/

20.00

End of Stroke
_,J\r"h,ﬁ
Pf"j
=

===TestID:06 38mm
2.Am FULL

===TestlD:07 -38mm
24m 181

40.00 60.00 80.00 100.00

DISP (mm)

Smooth Bar at Collar 2.4m SDDB R32 @ Collar & Smooth Bar (600mm Toe Embedment)

Coupled 2.4m SDDB, 3 litres Resin (600mm R32 Toe Embedment)
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5.0 Lab Testing (Q4-2020) Group C

Normet Canada - ON-09 Leinster Continuous Pull Test

e To@ Displ. vs Time ~———Lcad vs Time -~ Plate Displ vs Time
400 200
350 175
- ,/ ~ b
250 4 125
al E
% 200 f 100 §
o L~
150 J,.r-”/ \\ / 75
100 -r,_lr’ & / 50
50 // 25
P =
0 0

0 50 100 150 200 250 300 350 400
Time (sec)

Figure 12. Leinster style continuous pull test

450

400

Normet Canada - ON-11 Onaping Split-Tube Pull Test

——Toe Displ. vs Tene ——Loadvs Time ——Plate Displ vs Time
200
r/_/--_‘__ \l e
150

ra

125

100

£
// 155

|

100

150 200
Time {sec)

Figure 13. Onaping type split-tube pull test

250

300 350

normet



— 5.0 Lab Testing (Q4-2020)

450 -
400
I

350

m —_— T T T
z Collar: |=——=ON15- 19.7 ki_Direct
= 250mm | oN16 - 250 kJ_Dirsct
g230 R32
a3 ON1T - 29.5 kJ_Direct

—— ONQS5 - 26.5 kJ_Spiit

Collar:

i
200 e 600mm | ——ONO0G - 36.1 kJ_Spit
\\ Il \ \ \ R32 | ——0ONO7-395k)_Splt
‘ Plate 1} \ | ——ONOS - 500 kJ_Spit |

0000 0010 0020 0030 0040 0050 0080 0070 0080 0090  0.100

On03 19.7kJ Direct

Time (s)
Figure 14. Load vs Time curve at drop 1 - Leinster (direct impact) and Onaping (indirect impact) ggg:;n
R32
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5.0 Lab Testing (Q4-2020)

Load (kN)

Figure 16

400

350

300

250

200

150

100

50

0

2353

Specimen ON-08 Drop 1
Mass = 2897.35 kg; Height=1.76 m
Energy = 50.02 kJ; Velocity = 5.88 m/s

——|Impact Load =—Plate Load ~——Plate Displ ~——Toe Displ

240
A} W o, II\VNJV\“\ 210
] \Vr\}/ } ~N 180
i AT INT -
/; /_mk AL— i i— 120

= \\ 90

ﬁy/ \\\ 60

N
/ 1
A
l 2367 2380 2.393 2406 l 2419 2433 2446?
Time (s)

. Onaping type indirect impact (50 kJ) drop 1 of 1 (plate collapse, no bolt failure)

Displacement (mm)
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—  Lab Testing (Q4-2020)

60.0

50.0 VEOISIH W
—_ R*=0.9897"
2 e
3400 .
@ P
= ,’/
.g 30.0 //
2 oA
© A"
£ 200 e
£ y =0.3326x g
= Re=09709 .=
5 PP

10.0 —

x"“‘
-
0.0 r . . . . , '
0 20 40 60 80 100 120 140

Displacement (mm)

A Leinster SDDB Type_Direct Impact
====Linear (Leinster SDDB Type_Direct Impact)

Figure 15. Ultimate Absorbed Energy vs Displacement curve at the first drop - Leinster (direct impact) and

Onaping (indirect impact)

+ Onaping SDDB Type_Indirect Impact
— Linear (Onaping SDDB Type_Indirect Impact)

160
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CONCLUSION

As mines progress to ever increasing depth, new challenges are
encountered with serious concerns for rock excavations in highly
stressed conditions. New procedures have been undertaken or are
under way to remove workers from the workface, mitigating risk
and exposure to hazardous conditions. Rockbolting crews are at
particular risk as they are the first line of defence in the
installation of the ground support systems.

An important innovation for removal of workers from danger
has been the implementation of remote bolting. Equipment
manufacturers have had the ability to remotely inject resin
pneumatically into boreholes for several years, but it has not been
recognized as a very productive method due to a variety of
complications.
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CONCLUSION

Prior to implementing any ground support component,
extensive research must be carried out to prove the efficacy for
use within a ground support system. Independent testing must be
carried out in a laboratory environment with underground testing,
procedures, bulk installation and a Management of Change
(MOC) carried out at the mine as part of the Quality Control
program.

Always, review should be completed by mining operation to
establish best support component properties based on depth of
fracturing to match surface support components. Whereas failure
is likely with impact direct on the plate with a stiff collar
component in a laboratory environment, the bulk of fracturing
surrounding the mine opening is created with the blasted round
and redistribution of stresses thereafter, prior to installation of
any support components.
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== CONCLUSION
R32 Well Incapsulated within

resin

2020 lab testing confirms that in the case of direct impact at
the plate, a 600mm R32 thread fails at the threads with resin
encompassing R32 to collar. This does not adequately represent
wall conditions underground. Fractured ground cannot hold stress
as it 1s previously failed. It is only then subsequently bolted into
place.

Four dynamic indirect impact tests on the Onaping SDDB
were completed:

The cumulative strain of ON-05 (29.5kJ — 3 Impacts), ON-06
(36.1kJ — 2 Impacts), ON-07 (39.4kJ- 2 impacts) and ON-08
(50kJ — 1 Impact) were 20.4%, 18.9%, 19.0%, and 12.0%
respectively.

3
o
-

[
3
o

Ultimate absorbed energy (kJ)
@

60 80 100 120 140 160
Displacement (mm)
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== CONCLUSION

Full bond strength 1s achieved with 600mm R32 thread,
locking 1n the bar at the toe.

With a nominal 350-400mm grouted within the collar of
the borehole, the depth of resin is similar to that of D Bolt
cartridge resin at the collar.

Ww 00 jww 007
|
l

As a static support, high bond strength at the collar
performs as an excellent holding mechanism which
cannot hold stress as it is previously failed.

ssags use

In high stress conditions, the load is first applied to the
bolt dynamically inside the rock, subsequently loading
the plate as bulking occurs within the fracture zone.
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—= CONCLUSION Ultimate Load (kN): 230KN-280KN
_ . . T Yield Load (kN): 2140 kN
Secondary support can now be performed in-cycle with Primary Weight (ke/m: 275ke
installation. The smaller hole diameter of Group C bolts are an Elongation (A200mm]; >15%
excellent choice for connection. It is now possible to connect 2-3 ID Smooth Section ~24.9mm

SDDB with the Epiroc bolter,.

Ultimate Load (kN): 2250 kN

Finally, for quality control purposes, it is ideal to prescribe the Yield Load {kN): >160 kN
SDDB where possible with equal length of thread on bolt ends as Weight (kg/m): 3.0kg

it 1s less difficult to discern which “end is up” after the bolt has Elongation (A200mm): > 15%
been installed. ID Smooth Section ~23.3mm

Ultimate Load (kN): 2250 kN
Yield Load (kN): 2160 kN

Weight (kg/m): approx. 3.4kg
Elongation (A200mm); > 15%

ID Smooth Section ~20.5mm

| B (e i b

I
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THANK YOU!
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