IC

9402

BUREAU OF MINES
INFORMATION CIRCULAR/1994

" PB95 111704

;i.

Cable Bolt Support Technology
in North America

By J. M. Goris, S. D. Nickson,

and R. Pakalnis

NATIONAL TECHNICAL
INFORMATION SERVICE:

REPRODUCED BY
U.S. DEPARTMENT OF COMMERCE
SPRINGFIELD, VA 22161

UNITED STATES DEPARTMENT OF THE INTERIOR



U.S. Department of the Interior
Mission Statement

As the Nation’s principal conservation agency, the Department of
the Interior has responsibility for most of our nationally-owned
public lands and natural resources. This includes fostering
sound use of our land and water resources; protecting our fish,
wildlife, and biclogical diversity; preserving the environmental
and cultural values of our national parks and historical places; and
providing for the enjoyment of life through outdoor recreation.
The Department assesses our energy and mineral resources and
works to ensure that their development is in the best interests of
all our people by encouraging stewardship and citizen participa-
tion in their care. The Department also has a major responsibility
for American Indian reservation communities and for people who
live in island territories under U.S. administration.



Information Circular 9402

Cable Boit Support Technology
in North America

By J. M. Goris, S. D. Nickson,
and R. Pakalnis

UNITED STATES DEPARTMENT OF THE INTERIOR
Bruce Babbitt, Secretary

BUREAU OF MINES



Library of Congress Cataloging in Publication Data:

Gorls, J. M. (John M.), 1938-
Cable bolt support technology in North America / by J.M. Goris, S.D. Nickson,
and R. Pakalnis,
p. ¢m. — (Information circular; 9402)
Includes bibliographical references (p. 46).
Supt. of Docs. no.: I 28.27:9402.
1. Mine roof boiting. 2. Cables. I. Nickson, S. D. (Simon D.). II. Pakalnis,

Rimas Thomas, 1956~ . IIL Title. IV. Series: Information circular (United
States. Bureau of Mines); 9402.

TN295.U4  [TN289.3] 622s—dc20 [622] 94-8079 CIP




CONTENTS
Page
Abstract .............. 0, e e e 1
Introduction ..................... e s 2
Types of cables . .. ..ottt it i i e i e et 6
Conveational cables . ... ... . i e 6
Epoxy-coated cables . ... .. e e e ettt et 6
Conventional cables with steel buttons . . .. ... ... . .ttt et iir s e inaaneanens 8
‘Birdcage cables ... ... e ettt 9
Lo T 2 LT S
Garford bulb supports .. ... . . e e i et i 11
Grouts ........ ceas et ea e 12
Load-carrying charactcnshcs of cablc bolt supports ........... e e 13
Effects of embedment length on load-displacement behavior ........... ... .. o i, 15
Critical embedment length ............. P et 15
Cable bolting equipment . ................ ety e 18
Drills ............ Ceaea et 18
Cablecoils ........ e P e Ceeee e ceeeees 18
Cable PUShErS ... e i e i e 18
Grout mixers and PUMPS . .o ottt tn ittt ittt ar et et et e anasataanaatonasaaaeans i8
Mechanized cable bolting equipment . .. ... .. .. i e e e e 19
Monitoring loads on cable bolt supports ... ... ... ... . . i i e 20
Installing cable bolt SUPPOTts . . ...t i e e e 21
Techniques for anchoring cablesin drill holes ............. e e 22
Tensioning cable bolt supports .. ... 23
Safety aspects of cable bolt SUPPOTtS . ... ... i i i e i i it e 24
Handling cables .......... ..o ivinn. e e e e a e BN 24
Cable anchoring .......... e e 25
Working with cement grouts .. ... ... ittt v innenriennannns e 25
Grouting cable bolt holes .. ... ... . . i i i i i i et c et . 25
L8 3L e 4 o G 26
Production rates and costs for cable bolt supports ... ... .. ... i 28
Cable bolt support patterns . . ... ... . it it ittt 29
Support patterns for stope backs .. ... ... ... Lol et eea et 29
Supportpattcmsforhangmgwalls .......... 29
Cableslings . .....coiiiiiiniinnniiiinnnnnnans e P 30
Mandolin cable bolt supports e e e e e et a e 30
Examples of cable bolt installation procedures ......... ... ... ittt i i it 33
Canadian mine I . ... . i e e e ettt 33
Canadian MIBE Z .. ... ... i it ittt i et it et et e 33
Canadian MiNe 3 ... ... .. i i i ettt ettt e 33
Canadian mine 4 . ... . ... e et i et 33
Canadian Mine 5 . ... ... . i i ettt 33
Canadian mine 6 ....... et ettt et ettt 33
T 1 M4
Cable bolt design methods . .......... ...t iinnnnn. et et et 34
Deadweight comeept . ...t it e i et ettt et et e e, 34
Arch theory . ... e e e e, 35
Beamtheory ....... ..., e et 35
Past experience ................ P 36
Mathew’s method and bolting factor . ... ... . . e e e 36
37

Potvin MEthod . ... e e e e e e e e e e



CONTENTS—Continued
Page
Updated Potvinmethod .............cciitiininiiirinninns e earaaseaiaeee e 41
Cableboltlength .. ... ... it i i i ittt ttarraeiicoaneriannannsannnan 43
Point-anchor approach to cable bolt desigm . ......... ..ot vnrrerserasorncencnnsaanen 43
ConClUSIONS .. ... ittt i s s i i sttt e a e 46
5 (o 1 T 46
Bibliography . ... .. i i i i i i it e e et b 47

ILLUSTRATIONS

1. Cutawayview of cable bolt support ... ...... ... ittt it tin i tea it cnnnnenn 2
2. Usedwireropebeforedegreasing .......... ..o ittt iiiiininenennnnns v eeeanaean 3
3. Smallcoilsofsteelcable ........ ..ottt iitiiriraeirtnseeraansenennonas 3
4. Use of cable bolt supports in breast stope MININE .. ..o vv i iueirniinnenrarsanrasaranns 3
5. Typical profile of stope after installation of cable bolt supports ..............coeivieiiivsnrnn. 4
6. Roof of stope after installation of cable bolt supports .............iiiinii ittt iianenn 5
7. Cable Sling SUPPOTt ... ..ot vveterntnnsoneenonanensesnssnessunsasnsssssssnnannsssens 5
8. Cable bolt supports installed in highwall of surfacemine ......... ... o it iiiiinniienrrneen 6
9. Sixtypesofcables . ... ... .. i i i i et e 7
10. Seven-wiresteelcable ........... ... vttt i i i eesaansas 7
11. Epoxy-coated cable ... ... ...ttt et et eteenerioneneacaatiiinserasarserians 7
12. Cross section of epoxy-coated cable .. ... ... .. ittt i i e e 8
13. Coaventional cable with button .. ... ... ... .. ittt it 8
14. Single and double birdcage cables . ..... ... i it i i i i i s e e 9
15. Nutcase cable ... ... it it it ittt e sttt et i st s 10
16. Garford bulb cable SUPPOIt ... ... ittt ittt teetereieesanastocnnsossssssssanns 11
17. Load-displacement plots for twin Garford bulb cables and twin 14-wire birdcage cable .............. 12
18. Typical load-displacement relationship for conventional cable bolts . .............cccoviivenennn 13
19, Cable bolt pull-test apParatis . . .. ... .u'veerererrnronereenensasneneoanancscnvsnsnnasss 14
20. Effects of pulling on grouted cable . ......... ... .. i i it it i e, 15
21. Averaged 28-day load-displacement curves of cables at various embedment lengths ................ 16
22. Maximum load-carrying capacity versus embedment lengths . .......... .. 0viiiiiiiiiiiianens 17
23. Criticalembedment length . ... ... i it ittt ittt in ettt rtsertbsaaans 17
24, Cross section of cut-and-fill stope . ... ... i e i s 17
25. Maximum load-carrying capacity versus embedment lengths using 0.3 water-cement ratio grout ....... 17
26. Ringdrillusedtodrillcable bolt holes .. ........ ... .. utietirieririenenncrnannncannnnn 18
27. Largereel of cable .. ... .. .. i e ettt 18
28 Cable pusher . ... . e i i et i e s ettt e 19
29. Spedelmixer and pUMIP . ... i e i e it i et 19
30. Minepro3mixer and pump . ... ..ottt i i e e bt 19
31. ChemGroutmixer and PUmP . ... ..ottt ittt it ie ittt eraenosnrnosorenessansna 19
32. Mechanized cable bolt machine .. ....... .. it ittt . 20
33. Cable bolt strain gauge being tested Inlaboratory . ... ... ... ettt ir it iirnrrrrreernnenas 20
34, Anchorof cable bolt strain gauge .. ... ..o iieit i iin i iti et ienttnnentsnanans 21
35. Strain versus load for cable bolt strain gauge ............citiieiitriinerrennennenenneeen 21
36. Techniques for installing cable bolt SUPPOTtS . . . ... ... ..ttt i iin i teereennaannns 22
37. Protective cover for cable ends . . ... ... i i i i e e it it e, 22
38, Plugfor grouting holes .. ... ... ... . ..ttt ittt ettt ine e ety 23
39. Anchor for holding cable in Bole . ... ... ...ttt i i i e i e e 23
40. Steel strap anchor for holding cableinhole ...... ... ... . i i e e 23
41. Barrel-and-wedge anchor for tensioning cables . . ... e e e e 24



42.

43,

45.
47.
49.

50.
51

52.

53.
54.

35.

56.
57

58.
59.

60.
6l
62.

VRN W

ILLUSTRATIONS—Continued

Hydraulic jack for tensioning cable bolts . .. ... ... ittt ittt e enreernaeenannn .
Ailr voids in grout column of 4.8-cm-diam hele with single cable .. ......... ... ... i iieen..

Air voids in grout column of 4.8-cm-diam hole with double cable

Air voids in grout columns of 5.8-cm-diam holes with single, double, and birdcage cables ... .........
Schematic of grout flow in circular pipe .. ... .. it i i i i ettt e e

Typical back support for cut-and-fill mining and open stope mining

----------------------------

Cable support patterns for hanging walls .. ...... .. ... . . . . it iitnniranaannas
Sling approach to Open StOPE SUPPOTT . . ..ottt it ittt it snetrncancnanenassnnsnannn
Mandolin bolting approach in Australia ........ ... i i i i i e
Mandolin bolting approachinFinland ........................, .
Beam approach to hanging wall design ... ... ... . . i i i e
Stability graph for underground excavations . ........ ... i i iii i i e, ..
Graphs for factors A, B, and C ... .. i i i i i i i i e e et e e, -
Modified stability graph .. ... i i i e e i i e Ceereen .
Factors A, B,and Cproposed by Potvin . . ... .. . . i i ittt i s nnna
Design chart for cable bolt density ... ... .. . . . i it i
Revised stability graph . ... o e i e e e
Design chart for back cable support ... ... ..o i i i it .
Cable bolt length for back support ....... e ea et eee et et et e

Description of geometry for point-anchor approach to cable bolt support design

Design chart for point-anchor support for hanging wall

..........

.....

-------------

------------------------------------

TABLES

Cable bolt pull-test results from 4775 level of Hemlo Golden Giant Mine
Summary of test conditions for twin Garford bulb and twin birdcage cables

Amounts of water required to achieve given water-cem

Production rates for grouting cable bolt holes . ........... Ceraen cas

entratios ..........ciiiinoneerannaannn
Correlation among water-cement ratio, grout strength, and maximum load-carrying capacity of cable bolts
Production rates for inserting cable bolts ........ ... ... i, Cerieeaaes

Total costs for cable bolt supports ..............ciiuinvnnnn.. -
Itemized costs for 12.2-m-long cable bolt supports ........ et te it i .-
Equipment, number of cables, and number of personnel used in cable bolting procedures ...........
Rock quality designation . ... .. ... ... . ..ttt it it a et e e,
Joint set MM bEr .« . ... e e e et ae i iae e
Joint roughness BUMbBET . ... .. ittt ittt it tia e tena e e
Joint alteration numMber . ... ... ... ... . i it e et e eeeaeaeaaanan

Summary of database for cases with no cable bolt supports
Summary of database for cases with cable bolt supports
Relationship between cable length and span for back support

Database for point-anchor support for hanging walls

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

----------

.........

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

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

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



deg

GPa

kg/m
kg/m?

kN/mm

UNIT OF MEASURE ABBREVIATIONS USED IN THIS REPORT

centimeter

degrce

gigapascal

hour

kilogram

kilogram per meter
kilogram per cubic meter
kilonewton

kilonewton per millimeter

L

m

mm
mm?
mm/m
MPa
mt

pct

ﬁtcr

meter

millimeter

square millimeter
millimeter per meter
megapascal

metric ton

percent




CABLE BOLT SUPPORT TECHNOLOGY IN NORTH AMERICA

By J. M. Goris,' S. D. Nickson,? and R. Pakalnis®

ABSTRACT

Cable bolt supports are becoming an important ground control technigue in underground mines in
the United States and Canada. They show great versatility and are adaptable for use with many mining
techniques, they have high load-carrying capacities, they can be installed in small areas with low roofs,
and they are cost effective. Investigators in a number of research institutes in North America have
conducted studies to assess the material and support propertics of cable bolts, evaluate their support
capabilities under various mining conditions, and provide design criteria for using cable bolt supports
as roof control systems under varying mining conditions. While conducting these studics, personnel have
collected important information on the history, application, performance, and economics of these
supports. This U.S. Burcau of Mines report documents this information so that ground control
personnel unfamiliar with cable bolt supports can gain an understanding and appreciation of their use.
A comprehensive bibliography of technical information on cable bolt supports was selected by the
authors and is also presented.

!Mining engineer, Spokane Rescarch Center, U.S. Bureau of Mines, Spokane, WA,
2Mining engineer, Noranda Technology Centre, Pointe-Claire, PQ.
3Assistant professor, University of British Columbiz, Vancouver, BC.



INTRODUCTION

Cable bolt supports consist of a steel cable grouted into
a drill hole (fig. 1). Their primary purpose is to prevent
rock falls and slippage along joints.

Cable bolt reinforcements have a very long history of
use in the construction of dams, tunnels, and other struc-
tures, especially where slopes must be stabilized. How-
ever, even though Garcia (1929) reported the use of cable
slings to support the backs of underground coal mines as
a convenient way of utilizing scrap hoist rope in 1929,
cable bolt supports were oaly introduced to the mining
industry during the 1960’s as a means of reinforcing rock
prior to excavation. One of the earliest applications in
North America was at the Geco Mine in Ontario in 1963
(Gramoli, 1975). Here, discarded and degreased 25-mm-
diam hoist ropes (fig. 2) were used to control sloughing
and caving of backs and walls in large, blasthole open
stopes.

Discarded rope was the preferred choice of most
ground control personnel in a number of mines in the
carly days. Later, it was realized that not only was de-
greasing these ropes expensive, but using such rope could
be dangerous because often its residual strength was
unknown. Ground control engineers then turned to the
prestressing cable used today.

Since the early 1970’s, many improvements have beea
made in cable bolt technology. Various researchers in
North America, including researchers from the U.S. Bu-
reau of Mines (USBM), have conducted extensive studies
at laboratories and at field sites to understand the be-
havior of cable bolt supports and to provide design criteria
for their use. Such work supports the USBM’s mission of
investigating ways to increase safety in underground mines
and has resulted in improvements in installation practices
and performance of cable bolts. The information pre-
sented in this Information Circular (IC) documents both
USBM research and that of other investigators so that
ground control personnel unfamiliar with cable bolts can
gain an understanding and appreciation of their use.

~ Today, the basic cable bolt support consists of a high-
strength steel cable(s) placed in a drill hole and grouted
with a neat cement grout (fig. 1) or, more recently, with
resin grouts. These supports vary in length, but cables
20 m long or longer are common. The steel cable is very
flexible and can be coiled into a roll about 1.2 m in diam-
eter (fig. 3). This flexibility is one of the primary advan-
tages of cable bolt supports because long supports, 20 m
or longer, can be installed in a drift having less than 2.5 m
of headroom. Consequently, cable bolts are used in such

applications as prereinforcement of rock before mining,
where they can provide support around an opening after
a portion of the rock has been blasted.

Figure 4 illustrates how cable bolts are applied to breast
mining in a cut-and-fill stope. The bolts are placed at
specified intervals in a fan-shaped configuration. The ore
is drilled horizontally, blasted, and then removed. During
this operation, the rock in the back and the hanging wall
is supported by the cable bolts. After the ore is removed,
conventional rock bolts are installed to help support the
immediate back. Once a lift has been mined out, the
stope is backfilled and mining continues. Figure 5 shows
a typical profile of a stope after the cable bolt and rock
bolt supports have been installed; figure 6 shows how the
roof of the stope would appear.

Cable bolts are also used with cable sling support sys-
tems {fig. 7) (Castle and Scott, 1989), as well as in surface
mines to help stabilize highwalls. Figure 8 shows groups
of cable bolts installed in a highwall of a surface mine in
Quebec, The cables were installed and then tensioned
after the grout had cured.

Grout filling
hole

15-mm-diam
cable

Breather Packing

tube

19-mm-1D grout tube

Figure 1.—Cutaway view of cable bolt support.



Figure 2.—Used wire rope hefore degreasing. Figure 3.—Small coils of steel cable.

Hanging wall

Flexible tendon

Ore

Figure 4.—Use of cable bolt supports in breast stope mining.
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Figure 5.—Typical profile of stope after installation of cable bolt supports.



Figure 6.—Roof of stope afier installation of cable bolt supports.

Mine roof

. Bearing block

Friction rock stabilizer

Figure 7.—Cabie sling support (Castie and Scott, 1989).



Figure 8.—Cable bolt supports installed in highwall of surface mine.

TYPES OF CABLES

The surface condition and configuration of a cable have
a great influence on its load-carrying capabilities, and for
this reason, cables have been altered to improve perform-
ance. Six types of cable bolts are available (fig. 9).

CONVENTIONAL CABLES

Ordinary steel cables are the most common type used
in the mining industry as cable bolt support. These cables
have an average ultimate strength of 258 kN and a modu-
lus of elasticity of approximately 2.03 x 10° MPa. They
are usually 15 to 16 mm in diameter, have a cross-sectional
area of 141.9 mm? and consist of seven wires (fig. 10).
They are, however, susceptible to corrosion, and their
load-carrying capacity can be adversely affected by grease
and mud.

EPOXY-COATED CABLES

Recently, an epoxy-coated cable was marketed to pro-
vide corrosion resistance in prestressed concrete members.

Initially, the coated cable did not provide enough shear
resistance against pullout, so the manufacturer developed
a method for embedding silica grit into the outer surface
of the coating to provide this resistance (fig. 11). The
shear resistance can be altered by varying the size and
concentration of grit (Dorsten and others, 1984).

Pull tests were conducted on samples of these cables
to determine if they could be used as supports in mines
(Goris, 1991). The test results showed that pullout resist-
ance was approximately 31 pct higher than for convention-

. al bare cables. This means that, given the same embed-

ment length of cable, the epoxy-coated cable would have
a greater load-carrying capacity under identical conditions.
Figure 12 shows one of the epoxy-coated cable samples cut
in half longitudinally after it was tested. This cable was
actually pulled through the grout for approximately 15 cm,
but the surface contact between the grout and the epoxy
coating was still excellent. The epoxy coating had not
pulled away from the cable. All slippage took place be-
tween the cable and the grout.



Figure 9.—Six types of cables. Left to right, conventional, epoxy-coated, conventional with button, birdcage,

nutcase, and Garford bulb.

Figure 10.—Seven-wire steel cable.

Figure 11.—Epoxy-coated cable.



Figure 12.—Cross section of epoxy-coated cable.

The manufacturer of the epoxy-coated cables had the
product tested for chemical resistance, flexibility of the
coating, abrasion resistance, and many other conditions, as
requircd by the Federal Highway Administration,* and the
cable passed (Dorsten and others, 1984).

CONVENTIONAL CABLES WITH STEEL BUTTONS

Conventional cables have been modified by pressing
steel buttons onto them to help improve pullout resistance
(fig. 13). To a great extent, resistance depends on surface
conditions of the cable, properties of the grout and rock,
direction of applied load, and location of the button on the

“Many of the conditions found during the installation of cables
during highway construction are also found in mining. Such conditions
include placement of cables in rock masses and soil embankments,
exposure of cables to corrosive chemicals, flexing of cables during
installation, and abrasion of cables when the rock mass being supported
begins to move. Therefore, the results from tests required by the
Federal Highway Administration to determine the capabilities of the
cables are applicable to mining.

Figure 13.—Conventional cable with button.

cable. The developers of the button realized that the
pullout resistance of cable bolts could be increased by
adding a bearing surface perpendicular to the axs of the
cable. The device selected was a steel button, 25 to
32 mm in diameter by 38 to 45 mm long; however, barrel-
and-wedge grips used for tensioning cables can also be
used for this purpose. The buttons are pressed onto the
cables at specified intervals by a force of approximately
890 kN.

The spacing of buttons along the cable greatly influ-
ences pullout resistance, Factors to be considered are the
number of fractures in the rock mass and their locations
with respect to rock failure planes. If, for example, the
button is located above a failure plane and not in the por-
tion of the rock mass that is moving, the button will have
no effect on the ability of the cable to support the rock
mass. If the button is located within 25 mm or so of a
failure plane, the grout column between the button and
the failure plane would be too short to take much load.
The farther the button is positioned away from the failure
plane, the more load the grout column will be able to
withstand,

Test data from laboratory pull tests indicate that the
failure mechanics of a button-cable system are complex
and that resistance to pullout is initially the result of me-
chanical interlock along the grout-cable interface (Goris,
1991). However, once slippage begins, resistance to pull-
out is affected by a combination of friction along the
grout-cable interface and compressive force applied against



the grout column by the steel button. The use of buttons,
therefore, significantly alters the behavior of conventional
cables (Goris, 1991).

The location of the button within the grout column is
an important key to success, and ensuring that the buttons
are placed properly is a difficult task, which may be a
major disadvantage to their use. Another disadvantage is
that the cable must be precut so that the buttons can be
placed on it. The cable must then be handled in separate
pieces rather than in a continuous coil.

BIRDCAGE CABLES

Birdcage cables are another modification of conven-
tional cables (fig. 14). The "birdcage” is formed by sep-
arating the seven wires of a conventional cable and then
recombining them to form an open cable with a series of
nodes and antinodes spaced at about 18-cm intervals.
These nodes behave just like anchors and signilicantly in-
crease the pullout resistance of the cable. In fact, lab-
oratory pull tests conducted on birdcage cables showed
an average increase in maxmum pullout resistance be-
tween 36 and 79 pct over pullout resistance of conventional

R o

Figure 14.~Single (left) and double (right) birdcage cables.

cables (Goris, 1991). Birdcaging can begin or end at any
point along the length of the cable.
The major advantages of birdcage cables are—

1. When birdeage cables are placed in drill holes at or
near horizontal, almost 100 pet of the surface area of the
cable can be grouted because only a small area of a few
outer wires at the nodes will rest on the wall of the hole.

2. Birdcage cables are not as sensitive to grease, rust,
mud, etc., on the wires as are conventional cables because
the failure mechanism is different.

3. Birdcage cables do not contribute to grout bleeding.

Major disadvantages are that the cables must be made
to specilic lengths and therefore can not be handled in a
continuous coil, they require a larger drill hole because of
the nodes, and they are more difficult to push into a drill
hole than are conventional cables.

The cost of birdcage cable in North America is approx-
imately 76 pct greater than the cost of conventional cables;
however, the cost of the cable represents only about 15 pet
of the total cost of a cable bolt support. Therefore, the
actual increase in cost of a birdcage cable support would
be about 11.2 pct. This makes birdcage cable boits cost
effective, depending on installation costs.

NUTCASE CABLES

The nutcase cable is composed of a conventional seven-
wire cable with a hexagonal steel nut placed on the center
wire (kingwire). In producing this cable, a conventional
cable is unwound, a hexagonal nut is placed on the king-
wire, and the cable is rewound. This process forms a node
(nutcase) along the cable (fig. 15) that behaves as an an-
chor and significantly increascs the puliout resistance of
the cable.

The nutcase cable concept was introduced in Canada in
1991, and both laboratory and field tests were conducted
by researchers at Queen’s University, Kingston, ON, to
determine the support capabilities of these cables. Results
from laboratory tests by Hyett and others {1993) indicate
that—

1. The optimum size nut is 12.7 mm, making the diam-
eter of the nutcase 23.02 mm.

2. The nutcases should be formed at 30- to 40-cm
intervals along the cable.

3. The load-carrying capacity of nutcase cables is less
sensitive to variations in water-cement ratios than is the
load-carrying capacity of conventional cables.

4. The recommended water-cement ratio is 0.35 to 0.40
for mine installation.
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Figure 15.—Nutcase cable.



Results from field tests conducted at the Hemlo Golden
Giant Mine in Canada by Hyett and others (1993) indicate
that—

1. The nutcase cable achieved average increases in
load-carrying capacity of approximately 97 and 54 pct over
conventional cables in a hanging wall and an ore zone,
respectively, and approximately 10 and 14 pct over bird-
cage cables in a hanging wall and an ore zone, respectively
{table 1).

2. Nutcase cables performed very well in poor-quality,
destressed, or failed rock masses.

3. Shippage of the nutcase cable occurred after 25 to
40 mm of axial deformation, indicating that these cables
could be considered a yielding support system, especially
in poor ground.

Table 1.—Cable bolt pull-test results from 4775 level of Hemlo
Golden Giant Mine, load in metric tons

Conventional

Location Nutcase Birdcage
Hanging wall .. ...... 30.4 277 15.4
Orezone ........... 276 24.2 17.9

Source: Hyett and others, 1993.

Cost figures for nutcase cables supplied by Thiessen
Ltd. show that these cables are approximately 35 pct more
expensive than conventional cables. However, field studies
indicate that their load-carrying capacities are considerably
greater than those of conventional cables.

GARFORD BULB SUPPORTS

Figure 16 shows the Garford bulb cable support,’ which
is manufactured in Australia. This support is similar in
concept to a birdcage cable in that bulbs or nodes arc
formed along the cable to provide improved anchorage
and increased shear resistance. The bulbs are formed
mechanically by gripping the cable with two separate grips
spaced at a given distance, usually 50 mm or more, and
forcing the grips toward each other. This deforms the
seven wires of the cable into a bulb (fig. 16) approximately
25 mm in diameter. The spacing of the bulbs along the
cable is determined by anchorage requirements. The
manufacturer recommends a spacing of three bulbs per
meter for maximum effectiveness. When twin cables are
used, the bulbs can be offset to minimize hole diameter

SReference to specific products does not imply endorsement by the
U.S. Bureau of Mines.

Figure 16.—Garford bulb cable support.
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size. The manufacturer recommends a minimum hole
diameter of 28 mm for a single cable and 50 mm for twin
cables. However, the drill hole diameter will have to be
larger than recommended to accommodate grout and
breather tubes.

Strata Control Technology in Australia conducted tests
to determine the load characteristics of twin Garford bulb
cables using different bulb spacings. The company also
compared load characteristics of twin Garford bulb cables
and twin birdcage cables (Tarrant and Fabjanczyk, 1990).
Table 2 is a summary of test conditions.

Table 2.—Summary of test conditions Jor twin Garford
bulb and twin birdcage cables

Grout Embed- Bulb Mai-
Test Cabie strength, ment spacing, mum
series type MPa length, m {oad,
cm kN
1..... Garford 61 38 39 483
2 ..., Garford 61 38 3.8 500
3., Garford 55 38 5.3 519
4 ... Garford €65 50 6 508
5 ... Birdcage 65 50 NAp 516
°Estimated. NAp Not applicable.

Source: Tarrant and Fabjanczyk, 1990.

In these tests, the cables were grouted into two thick-
walled steel pipes. Procedures were similar to those used
by Goris {1990, 1991). Figure 174 shows plots of the
load-displacement characteristics for test series 1 through
4. The results (Tarrant and Fabjanczyk, 1990) indicate
that—

1. The onset of yield occurred at higher loads when
there were more bulbs per cable length.

2. The displacement at yicld was marginally higher
when there were more bulbs per cable length.

3. After the onset of yield, the stiffness of the system
was a function of bulb spacing.

Figure 17B compares plots of the load-displacement
characteristics for birdcage cables (test series 5, table 2).
Comparing the load-displacement characteristics of both
birdcage and Garford bulb cables (fig. 174 and 17B)
indicates that the performances of the 2 types of cables are
similar; that is, a twin Garford bulb cable with 6 bulbs per
meter is comparable in performance to a twin (14-wire)
birdcage cable.

Cost comparisons for Garford bulb, birdcage, and con-
ventional cables were not provided. However, the manu-
facturer of Garford bulb cables reported that the cost of
the Garford bulb cable depended on the length of the bolt,
and that in Australia the Garford bulb cable was mar-
ginally more expensive than conventional cable but less
expensive than birdcage cable.
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GROUTS

The grout used for cable bolts consists of portland
cement and water. Cement-based grouts are mixed at
ratios between 0.3 and 0.45 part of water to 1 part of
cement by weight. Table 3 shows the required amount of
water necessary to achieve a given water-cement ratio.

Table 3.—-Amounts of water required to achieve
given water-cement ratios using one sack

of cement weighing 42.6 kg
Ratio Water by Water by
weight, kg volume, L
03t ......... 12.8 128
0351 ........ 14.9 14.9
041 ......... 17.0 17.0
04511 ........ 19.2 19.2

Some mines use a grout with a high water-cement ratio
so that pumping problems can be kept to a minimum.
Unfortunately, large amounts of water reduce compressive
and tensile strengths in grout, which in turn reduces the
load-carrying capacity of the support (Goris, 1990). Ex-
tensive laboratory tests on grout samples (Goris, 1990)
showed a direct correlation between grout water-cement
ratios, grout strength, and maximum load-carrying capacity
of cable bolt supports. The tests involved grouts made
from Type I-II portland cement and water. The results
are shown in table 4.

High-water-content grouts also cause increased water
bleeding and cement particle sedimentation, a process in
which cement particles in the grout settle and water rises
to the surface. It is expressed quantitatively as the degree

of settling in millimeters of grout per meter of grouted
cable. This settling process results in less grout around
the top portion of the cable, which reduces the total sup-
port length of the cable bolt. Test results show an average
bleeding of 15.8, 32.5, 63.3, and 95.8 mm/m for grouts
mixed with water-cement ratios of 0.3, 0.35, 0.4, and 0.45,
respectively. On the basis of these data, a 20-m-long cable
bolt embedded using a (.45 water-cement ratio grout
would have approximately 1.92 m of ungrouted cable at
the top of the hole, compared with 0.32 m of ungrouted
cable using a grout mixed with a water-cement ratio of 0.3
{Goris, 1990).

Table 4.—Correlation among water-cement ratio, grout
strength, and maximum load-carrying capacity
of cable bolts embedded 30 cm

Ratio Compressive strength  Maximum load-carrying

of grout, MPa capacity of boit, kN
031 ....... 67.9 163.8
0381 ...... 56.4 142.7
041 ....... 52.3 1186.1
0481 ...... 479 88.2

Thick grout (grout mixed with water-cement ratios
between 0.3 and 0.35) gives grouting crews the option of
either filling the cable bolt hole from the bottom up and
using a breather tube, or filling it from the top down and
not using a breather tube. In the latter case, the thick
grout stays in the hole and does not run out. Another
advantage of using a low water-cement ratic grout is im-
proved quality control of the support system. If water is



inadvertently added to a grout with a low water content,
the resulting grout is still likely to have high strength and
provide effective support.

Based on laboratory tests and observations from var-
ious mines, low water-cement ratio grouts offer several
advantages for cable bolt supports (Goris, 1990). These
include—

High load-carrying capacities.
~ High grout strengths.
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Less water bleeding and particle sedimentation.
Greater flexibility in placing grout.
Improved quality control of grout.

A major disadvantage of a low water-cement ratio grout
is that it is more difficult to achieve consistent mixes and
to pump. It is recommended that if a low water-cement
ratio grout is used, a grout tube with a rating of at least
1 MPa be used to avoid bursting tubes and possible injury
to personnel.

LOAD-CARRYING CHARACTERISTICS OF CABLE BOLT SUPPORTS

For a cable bolt support system to be effective, the load
must be transferred from the rock to the cable through the
grout. Therefore, the capacity of the system is governed
primarily by four factors:

1. Rock-to-grout bond.

2. Grout-to-cable bond.
3. Strength of the cable.
4. Strength of the grout.

The rock-grout and grout-cable bonds are primarily
mechanical rather than adbesive bonds. The cables shown
in figure 6 are considered to be passive; that is, they are
not under load as yet. In this state, any loading will
depend on movement of the rock, which will transfer the
load of the rock through the grout to the cable. The re-
sistance the cable offers to rock fall depends om
mechanical interlocking between the grout and the cable
and the grout and the rock. As the rock moves, loads on
the cable will increase, the bond between the cable and
grout will begin to break, and that segment of the cable
closest to the rock joint where separation is taking place
will begin to elongate. Depending on the mass of the
rock, the load on the cable will increase rapidly after only
2 mm or so of displacement.

As the load increases, the bond between the grout and
cable will be broken, first near the rock joint and then in
both directions along the length of the cable away from
the joint. Once again, depending on the mass of the rock,
displacement may cease, or it may continue untit even-
tually the rock slips from the cable or the weight of the
rock breaks the cable.

Resistance to rock slippage along the cable is the result
of several factors:

1. The grout-cabie bond.

2. Friction between the steel and the grout.

3. Friction between the cable and the grout becausc of
mechanical interlocking. This amount of friction will vary
depending on the configuration of the cable bolt.

4, Dilation caused by grout movement along the cable.
The resulting normal force pushes the grout and cable
together.

Tests to investigate the load-displacement relationship
between the cable and the rock werc conducted at U.S.
Bureau of Mines laboratories (Goris, 1990). A typical
curve is illustrated in figure 18, A schematic of the test
apparatus is shown in figure 19 and simulates a rock being
supported by a single steel cable. As the lower rock
begins to move, the load on the embedded cable begins
to increase, as indicated by the curve in figure 18. This
curve represents the relationship between load and rock
movement (displacement). As the load increases between
points 4 and B (fig. 18), the bond between the cable and
grout begins to break near the joint and that segment of
the cable closest to the rock joint begins to elongate in
both dircctions. The slope of the curve at this point is
approximately 14.6 kN/mm.

At point B, the bond along the entire 305-mm length of
the cable breaks, and the rock and the grout column begin

1 EEPPE ok O R
,’-C'sﬁ_}'l\-_-—— o w—
Y , D\\
Esop \ ~—
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= mm w7 days
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Figure 18.-Typical load-displacement relationship for conven-
tional cable bolts. A through D are points of loading described in
the text {Goris, 1990).
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Figura 19.—Cable bolt pull-test apparatus.

to slip along the surface of the cable. The cable does not
pull out of the upper rock because the embedment length
is much greater here than in the lower rock.

As loading continues past point B, the lower rock con-
tinues to slip along the grout-cable interface. However,
because neither the cable nor the grout column can rotate,
the cable begins to shear the ridges of grout between in-
dividual wires. This causes an increase in pressure along
the grout-rock interface (Goris and others, 1992) (fig. 20).
These ridges are similar to riflings in the barrel of a rifle.
As loading continues, the grout particles sheared from the
ridges become wedged between individual wires of the
cable, thereby increasing resistance to movement.

At point C (fig. 18), the maximum load-carrying capac-
ity is reached; however, because of dilation of the sheared
grout particles and confinement of the grout column, the
frictional resistance and, consequently, the load remain
high between points C and D. This is referred to as resid-
ual load-carrying capacity.

As displacement continues, friction causes load transfer
between the cable and the grout, and the surface of the
grout begins to smooth. At point D, the load begins to

drop rapidly. Note, however, that displacement to this
point is approximately 11.4 cm. This characteristic (high
residual loads at large magnitudes of displacement) is an
excellent attribute in many rock support situations because
the supports allow the rock to deform, thereby redistribut-
ing loads to the surrounding rock.

The load-displacement behavior just described is quite
typical for cable bolt supports. Major deviations from
typical behavior can be caused by the use of different cable
configurations (such as birdcage cables), buttons on the
cables, and the number of cables placed in the hole.

Cable bolt supports work well in fractured ground
because the entire length of the cable is bonded to the
rock with grout. Also, cable bolt support patterns can be
designed to respond to various types of ground movement.
In highly stressed rock, single cables in each hole allow
large amounts of rock deformation to occur, thereby re-
distributing load to the pillars. Double cables, on the
other hand, have very high load-carrying capacities at low
amounts of displacement, which restricts displacement for
a given load. :



Section A-A

Figure 20.—Effects of pulling on grouted cable (Nickson,
1992).

EFFECTS OF EMBEDMENT LENGTH
ON LOAD-DISPLACEMENT BEHAVIOR

The load-displacement relationship shown in figure 18
represents an embedment length of 30 em and a corre-
sponding maximum load-carrying capacity of approximate-
Iy 88 kN after 28 days of curing. Varying the embed-
ment lengths will influence the maximum load-carrying
capacity of cable bolt supports; this was determined
through laboratory pull tests conducted on 60 cable bolt
samples (Goris, 1990). Each test sample contained a
159-mm-diam cable embedded in a cement-based grout
with a water-cement ratio of 0.45. The embedment
lengths ranged between 20.3 and 76.2 cm at increments of
5.1 cm.

The average load-displacement curve for each embed-
ment length is shown in figure 21. Each of the 12 curves
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 represents an average of 5 samples. It is obvious from

these test results that the longer the embedment length,
the greater the load-carrying capacity of the support. (The
symbols representing each curve in figure 21 do not rep-
resent individual data points, but denote individual curves.
Each curve is represented by approximately 600 data
points). The maximum load-carrying capacity for reach of
the 60 samples tested was determined and plotted against
embedment length (fig. 22). As seen, none of the cable
bolt samples were tested to the ultimate capacity of the
cable (258 kN). The highest capacity achieved was approx-
imately 192 kN at an embedment length of 76.2 cm.

CRITICAL EMBEDMENT LENGTH

Embedment length is an important factor in designing
cable supports because the load-carrying capacity of these
supports depends on the pullout resistance per unit length
of embedded cable. The pullout resistance in turn de-
pends on such factors as grout strength; cable geometry;
rock strength; and number, origntation, and condition of
the rock joints. The required embedment length is re-
ferred to as the critical embedment length (fig. 23). In
figure 23, a rock exerting a force of 150 kN is supported
by a conventional cable. In figure 234, the embedment
length is 0.75 m. Using the data presented in figure 22, it
can be scen that the load-carrying capacity of a cable bolt
embedded 0.75 m is approximately 188 kN, which exceeds
the weight of the rock; therefore, the cable should hold the
rock. Also, the weight of the rock does not exceed the
average load-carrying capacity of the cable, which is ap-
proximately 258 kN, meaning that the weight of the rock
will not break the cable. In figure 23B, the same rock has
been rotated 90° and now the embedment length is 0.5 m.
According to the data in figure 22, a 0.5-m embedment
length will support only about 134 kN; however, the weight
of the rock is 150 kN. Therefore, the rock will slide off
the cable.

This example illustrates the importance of embedment
length, which is usually dictated by joining within a rock
mass, that is, where the rock mass is most likely to
separate and form blocks. The size of these blocks must
be considered in designing cable bolt supports.

Figure 24 shows a cross section of a cut-and-fill stope.
The combination of bedding planes and rock joints deter-
mines the number and size of the rock blocks in the walls
and back of the stope. Placing cable bolts in the back
(fig. 24B) will ‘provide support for the blocks, but the
number installed may not be sufficient to support all the
blocks. Block 1 (fig. 24B) will most likely be stable be-
cause the embedment length is long. Block 2, however,
may not be stable even though three cable bolt supports
have been placed. In this example, the combined embed-
ment lengths of the three cables may not be adequate to
prevent slippage along the grout and cable interface.
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Some ground control engineers attempt to design cable
bolt support systems based on the maximum load-carrying
capability of a cable plus an added safety factor. The
critical embedment length will then be based on a maxi-
mum load-carrying capacity of 258 kN. The embcdment
length required to carry this load will depend on a number
of factors. The quality of the grout is one of the most
important. The curve in figure 22 shows a maximum load-
carrying capacity of approximately 191 kN for an embed-
ment length of 0.76 m. For purposes of discussion, ex-
trapolating beyond the boundary of these data, a 258-kN
load (which is the ultimate load-carrying capacity of a
15.9-mm-diam cable) would require approximately 1.07 m
of embedded cable to achieve maximum pullout resistance

80 120
DISPLACEMENT, mm

Figure 21.—Averaged 28-day load-displacement curves of cables at varicus embedment lengths (Goris, 1990).
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when a grout with a water-cement ratio of 0.45:1 is used.
Reichert and others (1992) also conducted pull tests to
determine the relationship between cable bolt capacity and
embedment length, but used a grout with a water-cement
ratio of 0.3:1. A plot of their data is shown as figure 25.
Extrapolation shows that a 258-kN load would require an
embedment length of approximately 0.62 m to achieve
maximum pullout resistance. The shorter embedment
length required is the result of using a grout with a lower
water-cement ratio, which has greater compressive
strength. The relationship between water-cement ratio
and pullout resistance for cable bolt supports is covered in
this report in the section entitled "Grouts.”
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CABLE BOLTING EQUIPMENT

DRILLS

A popular drill used for drilling cable bolt holes is the
percussive ring drill (fig. 26). The drill itself is mounted
on a steel ring that allows angle holes to be drilled into
the back or walls of the stope. This assures that the long
holes (up to 20 m) will follow the ore vein or intersect the
hanging wall at the appropriate angle.

CABLE COILS

Steel cables used for supports can be precut to a
required length and then coiled for ease of shipment and
handling (fig. 3). Some cable bolt crews prefer to handle
the cable in large coils called reels (fig. 27) and then cut
the cable to length after it is placed in the hole. These
large reels usually contain about 2,620 m of cable. The
cable can be cut using an abrasive wheel.

CABLE PUSHERS
Cables are placed in the hole cither by hand or by a
mechanical pusher (fig. 28). The cable is first inserted in

the pusher, a breather tube is attached to the cable, and
the two are inserted into the hole.

GROUT MIXERS AND PUMPS

Three main types of grout mixers and pumps are used
in mines in North America. The most common is the

Figure 26.—Ring drill used to drill cable bolt holes.

pneumatic Spedel 6000 used in conjunction with a Spedel
B3100 (Oliver, 1992). Figure 29 shows the Spedel system,
which will mix about 42.3 kg of cement and the required
amount of water at one time. The pump is placed into the
mixing tub so that once the grout is mixed thoroughly, the
pump can be turned on and the grout pumped into the
hole. This pump will handle very stiff grouts having water-
cement ratios between 0.3 and 0.35, but it is generally used
with grouts that have water-cement ratios above 0.4

The primary advantages of this mixer and pump are
that they are light in weight and portable, so that one
person can move them from site to site, and they will
handle stiff grouts. Many grouting crews prefer this mixer
and pump in areas with restricted access. A major dis-
advantage is that the cable bolt crews cannot mix a new
batch of grout while pumping a previously mixed batch.

The next most common mixer and pump is the
Minepro 3 (fig. 30), which is a hydraulic, positive displace-
ment pump with an auger assembly in tandem with a
moyno pump. This system will mix and pump stiff grouts
with water-cement ratios as low as 0.3. The hydraulic
motor is run by air, but there are pneumatic and electric
versions of both the mixer and the pump. The mixing tank
is mounted above the rotor-stator assembly and will easily
hold 85 kg of cement and the appropriate amount of
water. While the grout is being mixed, it is circulated
through the rotor-stator back into the mixing tub. When
the grout is ready to be pumped, a valve is turned and the
auger forces the grout into a moyno pump connected to
the grout line. The hydraulic oil in this system tends to

Figure 27.—Large ree! of cable.



Figure 28.—Cable pusher.

Figure 29.—Spedel mixer and pump.
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overheat when stiff grouts (those below a water-cement
ratio of 0.4) are pumped. However, the manufacturer
does offer a hydraulic oil cooler to prevent overheating.
Like the Spedel mixer and pump, the Minepro 3 in-
volves batch mixing. This means that one batch must be
mixed and pumped before a second batch can be mixed.
Figure 31 shows a ChemGrout mixer that can mix and
pump at the same time. This is a pneumatic mixer and
pump that can handle 85 kg of cement plus the appro-
priate amount of water and can pump one batch while

Figure 30.—Minepro 3 mixer and pump.

Figure 31.—ChemGrout mixer and pump.
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Figure 32.—Mechanized cable bolt machine,

mixing another. This allows grout crews to continuously
mix and pump grout. The mixing tub is mounted above a
hopper and a moyno pump. Once a batch of grout is
mixed, a valve is opened and the grout runs into a hopper
and then into the moyno pump. The pump is gravity fed,
which makes it difficult to force very stiff grouts into the
funnel of the pump; consequently, this system will not
handle grouts with water-cement ratios below 0.4, If
stiffer grouts are required, it is recommended that a
water-reducing agent be used to improve the viscosity of
the grout so that it will flow into the pump.

MECHANIZED CABLE BOLTING EQUIPMENT

An equipment manufacturer in Finland is marketing an
automated cable bolt machine that is sclf-contained and

Figure 33.—Cable bolt strain gauge being tested In laboratory.

can be operated by one person (fig. 32). One operator on
the machine can drill the holes, mix the grout, grout the
holes, and insert the cables. Hole sizes range from 50 to
90 mm in diameter, and the machine holds 22 drill rods
for a maximum hole depth of 40 m. This machine is capa-
ble of mixing a 250-kg batch of grout, which is sufficient
for grouting 40 m of hole. It will handle stiff grouts
(water-cement ratio of 0.3 to 1.0) and carries a 900-m reel
of cable (Pearse, 1986).

MONITORING LOADS ON CABLE BOLT SUPPORTS

The loads placed on installed cable bolt supports can be
monitored using specially built strain gauges. Figure 33
shows testing one of these gauges installed on a cable.
The gauges function on the principle that changes in elec-
trical resistance result when electrical wires are stretched,
s0 by measuring the change in resistance, investigators
candetermine the amount of load being placed on selected
cables (Choquet and Miller, 1988).

These strain gauges are approximately 0.63 m long.
A thin, nickel-chromium wire (0.25 mm in diameter) is
wound into spiral grooves between the outer strands of the
cable. This wire is protected by a plastic tube and is ter-
minated at both ends by a molded rubber anchor bonded
to the cable with quick-setting epoxy (fig. 34). Each
anchor is then protected by a plastic sleeve to prevent
grout from restricting movement when the cable is loaded.

Readouts from the gauges can be in either volts or
strain. Figure 35 shows strain versus load behavior of two

cable bolt strain gauges. Both gauges were attached to a
conventional 15.9-mm-diam cable. In the first test, the
cable was not embedded in grout. In the second test, both
the gauge and the cable were embedded in a cement grout
column and allowed to cure for 7 days before testing. The
tests were conducted by placing the instrumented cable
in a test machine, securing the ends of the cable with
barrel-and-wedge anchors, and then loading the cable.
Continuous readings of strain and load were recorded
during the test. Both curves in figure 35 are linear, al-
though the gauge embedded in grout showed a little less
strain for a given load than the free-standing gauge. A
curve for an unembedded gauge is provided by the manu-
facturer when gauges are purchased. The manufacturer
will also install the gauges on the cables and ship the
cable(s) and gauges to a site.



Figure 34.—Anchor of cable bolt strain gauge.
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Figure 35.—Strain versus load for cable bolt strain gauge.

INSTALLING CABLE BOLT SUPPORTS

There are three basic techniques for installing cable
bolt supports (fig. 36). The first technique (fig. 364) in-
volves drilling a hole 38 to 57 mm in diameter to a desired
length and then inserting one or more cables and an at-
tached 12.7-mm-diam plastic breather tube into the hole.
The breather tube should have a pressure rating of at least
0.83 MPa. An anchoring device must be placed on the
cable(s) to hold it in the hole until the grout cures. If the
cable(s) is to be tensioned using a bearing plate and
barrel-and-wedge anchor, approximately 0.5 m of cable
should extend out of the drill hole. The hole is then
flushed by injecting water up through the breather tube.
To protect workers from injury from the sharp ends of the
cables, protective covers should be placed on the cables
(fig. 37).

A 19-mm-diam grout tube is then inserted about 1 m
into the hole, and the hole is sealed with strips of burlap
or shredded cotton. The use of expanding foam with the
burlap and cotton waste will ensure a better plug. It is
recommended that the foam be allowed to cure and
harden for approximately 2 h. '

Another method for plugging the hole is to force a
rubber plug into the hole to form a seal (fig. 38) (Gagnon,
1983). A slot is cut into the side of the plug to allow a
breather tube to extend out of the hole. Grout is then
pumped into the hole through the grout tube. The hole is
filled with grout from the bottom up, and the breather

tube allows the air being displaced by the grout to escape.
When the hole is filled, grout will run out of the tube.
The ends of the two tubes are then folded over and tied
off to prevent grout from draining out. These tubes then
become a permanent part of the support system.

The second technique for installing cable supports is
to insert a cable along with a 19-mm-diam grout tube into
the hole (fig. 36B). A very thick grout {one with a water-
cement ratio between 0.3 and 035) is pumped into the
hole, and the hole is filled from the top down. With this
method, it is important that the grout be thick to prevent
it from running out. On occasion, some cable bolt crews
will pull the grout tube from the hole as the hole is being
filled so that the tube can be inserted into another hole,
thereby reducing the delay time.

A third technique (fig. 36C) is to place a grout tube
into the top of the hole and pull it out as the hole is being
filled with grout. Once the hole is filled, the cable is
shoved into the hole. This process can be very messy and
wastes grout because the displaced grout comes out of
the hole. However, if about 1 m of hole is left ungrouted
at the collar of the hole, the grout will usually not run out.
The advantage of the third method is that the hole diam-
eter can be quite small because the cable and grout tube
are not in the hole at the same time. A 159-mm-diam
cabic and a 19-mm-diam grout tube require at least a
34-mm-diam hole.
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Figure 37.—Protective cover for cable ends,

On downholes, the third method (fig, 36C) is used, and
the grout tube is pulled from the hole as the grout is
placed. A breather tube is not required for downholes.

TECHNIQUES FOR ANCHORING CABLES
IN DRILL HOLES

There are three basic methods for securing cables in
the hole. The first is to bend one or more of the wires at

the top end of the cable into a hook (fig. 39). Tests
conducted by personnel at the Homestake Mine in Lead,
SD, showed that the hook should be approximately 10 cm
long and bent at an angle between 40° and 55°.% The pull
tests also indicated that for cables 20 m long, a single-wire
anchor resisted an average load of 113.4 kg, or approx-
imately five times the weight of the cable (1.19 kg/m).
Double-wire anchors on a 20-m cable resisted an average
of 274 kg before slipping, which is 12 times the weight of
the cable. Homestake personnel concluded that cables
less than 12 m long only require one anchor, while cables
12 m long or longer require double anchors.

Another method for anchoring cables less than 12 m
long is to bend one of the wires on the lower end of the
cable up approximately 45°. This anchor is then positioned
at the collar of the hole when the cable is inserted.

The second method for anchoring cables is to attach
two steel strips (formed to resemble a cross) to the top
end of the cable (fig. 40). The length of the steel strips
can be varied to fit holes of different diameters. For a
50-mm-diam hole, the strips should be approximately

This information was provided to the senior author by I. Pfarr,
mining engineer, Homestake Mining Co., Lead, SD.
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Figure 38.—Plug for grouting holes {(Gagnon, 1983).

40° to 55°

Figure 39.—Anchor for holding cable in hole, A, Single anchor;
B, doubls anchor.

Figure 40.—Steel strap anchor for holding cable in hole.

57 mm long by 16 mm wide. For a 64-mm-diam hole, the
strips should be approximately 76 by 19 mm.

The third method is to attach a stiff piece of cable
about 30 to 40 cm long to the end of the cable. Several of
the wires on the short cable are then bent into a hook.
This is basically the same as the first method.

TENSIONING CABLE BOLT SUPPORTS

The cables shown in figure 6 were installed as passive
supports; that is, they were not preloaded. Consequently,
any load placed on them will depend on movement of
the rock, which transfers load through the grout to the
cable. However, the cable support can be preloaded to
create an active support that helps reduce rock movement.
This is accomplished by using a steel plate along with a
barrel-and-wedge anchor (grip) (fig. 41).

The practice of using steel plates and grips and ten-
sioning the cables has varied over the years. When cable
bolts were first used in mining, they were usually ten-
sioned shortly after installation, thereby providing an active
support system. Years later, untensioned cable bolts were
preferred because pretensioning was expensive; also, many
ground control engineers did not think this practice was
effective. In recent years, however, ground control engi-
neers have been reconsidering pretensioning as an effective
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Figure 41.—Barrsl-and-wedge anchor for tensioning cables.

method to control spalling and to maintain stability when
the supports are subjected to blasting shock.

The most common method for tensioning a cable is
to first install the cable (as illustrated in figure 36), leaving
at least 50 cm of cable extending past the collar of the
hole. It is advisable to allow the grout to cure for at least
24 h, A steel bearing plate, similar to ones used with con-
ventional rockbolts, is placed against the rock, and a me-
chanical grip is placed on the cable. Figure 41 shows the
bearing plates and grip on the cable. A hydraulic jack

Figure 42,—Hydraulic jack for tensioning cable bolts.

(fig. 42) is then placed on the end of the cable and load
is applied. ' The hydraulic jack in figure 42 has a wedge
grip at the rear of the jack and actually grips and pulls
the cable while at the same time pushing against the
forward grip up next to the bearing plate. A load of 1,800
to 2,700 kg is usually adequate to set the grip. It is ad-
visable to pump the jack and achieve the desired load,
bleed off the jack, and then pump it again to reset the
gnp.

Sometimes it is desirable to leave a long section of
cable near the collar of the hole ungrouted so that it
can be tensioned. The ungrouted portion of the cable
will elongate more per unit length than grouted por-
tions, thereby allowing more rock movement. This can
be accomplished by placing a predetermined piece of
19-mm-diam grout tube over the cable like a sleeve and
taping each end of the tube with electricians tape. This
operation is done prior to inserting the cable in the hole.
The entire cable is then placed in the hole and grouted.
The grout will surround the tube but will not adhere to
cable covered by the grout tube. The length of the cable
to be left ungrouted will depend on the amount of cable
elongation required.

SAFETY ASPECTS OF CABLE BOLT SUPPORTS

Installation of cable bolt supports involves the handling
of steel cable, cement grouts, and breather and grout
tubes. Also involved is the use of grout mixing and pump-
ing equipment and, in some cases, cable-pushing devices.
The use of safe procedures for handling and installing
cable bolt supports is a critical component for ensuring a
viable ground control system.

HANDLING CABLES

Cables are shipped to mines in large reels containing
about 2,620 m of cable (fig. 27) or are precut to a spec-
ified length by the supplier, coiled, and then shipped to the
mine. Each method requires a different procedure for
safely handling the cables, A single, 15,9-mm-diam cable



weighs about 1.1 kg/m. Therefore, a 2,620-m ree!l will
weigh about 3,170 kg and requires a steel cage for han-
dling and transporting underground. Once the reel is
underground at the job site, the bands around the cable
reel are cut, and the cable is pulled from the center of the
reel and cut to a specified length. Note that the reel of
cable has a great deal of "spring” energy; if the reel is not
handled properly, a number of coils of cable could shoot
out from the center of the reel and cause injury.

Precut cables are usually 10 to 20 m long and arc
shipped in 1.2-m-diam coils. Each coil is secured by
banding the cable with either steel or plastic straps and
then placing the coiled cables on shipping pallets. Once
the cables arrive at the mine, they are usually shipped
underground on the same pallet and uncoiled as needed.
The straps used to band each cable are placed on the coil
in sequence at the factory. These straps must be cut in
the reverse sequence prior to use to limit the amount of
cable released with each strap. This is a dangerous
process because the cable tends to whip as the straps are
cut. The recommended procedure is to lay the coil flat on
the ground and then cut each strap in sequence while
standing in the middle of the coil. This way a person can
avoid being hit by the cable if it does whip. It is important
to use a cutting device that is quick and effective. Cutting
with an air-operated abrasive disk cutter is preferred over
an axe or a hacksaw. It is also recommended that a pro-
tective cover be placed on the ends of the cables (fig. 37)
to reduce injury in the event that someone is hit with the
end of the cable. The use of leather gloves, safety glasses,
and a protective guard on the cutter disk is essential for a
safe operation.

CABLE ANCHORING

A common procedure for installing cable bolts in most
mines is to insert a large number of cables in one pass and
complete grouting at a later stage. If a cable slips from an
uphole prior to grouting, it presents a danger to the
bolting crew and other personnel in the area. A 20-m-long
cable, for example, weighs about 22 kg and can cause
serious injury. It is a good practice to insert and grout
cables with as little delay as possible and to restrict access
to the area during this phase of the operation. Cable
slippage in the hole has been reported by a number of
mines in the United States and Canada even when bent-
wire anchors were used. It is recommended that cables
less than 12 m long be anchored with a single bent-wire
anchor and that cables 12 m or longer be anchored with a
double bent-wire anchor. A double-wire anchor can be
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difficult to install manually, which prompted one operation
to return to a single-wire anchor and a protective cover
(fig. 37). If spring-steel anchors are used, additional strips
of steel can be added to increase anchorage. Whatever
the method of anchorage used, it is a good safety practice
to use protective covers on the ends of all cables pro-
truding out of the hole. These covers can be reused a
number of times.

WORKING WITH CEMENT GROUTS

Extra care should be taken by grouting crews when
handling cement. Although cement grouts are mixed with
a mechanical mixer, the cement and water are added man-
ually, which can lead to burns and respiratory problems for
the grouting crew. Hunt and Askew (1977) commented
that 80 pct of the injurics occurring during cable instal-
lation at one operation were the result of cement burns
from grout. Schmuck (1979) also indicated that most in-
juries to cable bolting personne! were the result of cement
burns and recommended that grouting crews use long
gloves, eye goggles, and respirators. Skin-grout comtact
usually arises during the pumping phase of the operation
as grout leaks from the hole or from the end of the grout
tube. It is recommended that when grout does come in
contact with skin, it should be immediately washed off with
water. Protective overalls and waterproof suits are com-
monly used by operators in western Canada and by one
operation in the United States, and this is viewed as a
good safety measure by mine personnel.

GROUTING CABLE BOLT HOLES

Bursting of grout tubes and connectors between pump
hoses and grout tubes has been frequently reported in
North America, especially when low water-cement ratio
grouts (less than 0.4 to 1) are used. The direct coupling
of the pump outlet hose to a grouting assembly has been
suggested (Bourchier and others, 1992) as a means of
eliminating bursting connections. Some operators have
adopted the use of high-pressure (1.7-MPa) tubing to
reduce hose bursting. High pressures at the hole collar
generated when using the breather tube method of in-
stalling cables can induce forces in fractured ground that
encourage the release of loose rock. Proper scaling prac-
tice at the start of each shift will minimize ground falls
resulting from grouting. After grouting is completed, line
pressures will remain high, and care must be taken when
disconnecting the pump hose from the grout tube.



QUALITY CONTROL

It is critical that quality comtrol be maintained
throughout the cable installation procedure. This has been
discussed in detail throughout this report. While it is
recognized that a low water-cement ratio is desirable,
potential problems may result.

Using the toe-to-collar method of grouting (method B,
figure 36) with a 0.35 water-cement ratio grout may result
in an incomplete grout column along the length of the
cable because of the flow characteristics of thick grout.
Large-scale tests were conducted by Peterson (1993) to
determine the effectiveness of the toe-to-collar method
of installing cable bolt supports. Polyvinyl chloride (PVC)
pipes, 6.1 m in length, were suspended vertically to rep-
resent a drill hole within a rock mass. Various series of
tests were conducted using 4.8- and 5.8-cm-diam pipes,
and single and double conventional cables as well as single
birdcage cables.

The grout was pumped to the toe of each hole using a
2.2-cm-diam grout tube. Samples were allowed to cure for
7 days; then 5-cm-thick sections were cut from the pipe to
display the cable and grout tube embedded in grout.
Figures 43 through 45 show the grout coverage around
single and double cables embedded int 4.8-cm-diam holes.
These figures show incomplete grout coverage throughout
the column of the hole. This is especially the case when
a single cable is used. Figure 43 shows that voids in the
grout constitute as much as 25 pct of the cross-sectional
area of these samples. For double cables (fig. 44), the
percentage of voids is less. Similar results are shown for
the 5.8-cm-diam hole (fig. 45). The birdcage cable tested
(fig. 45, bottom) shows complete coverage of the grout
column.

A possible explanation for the different flow charac-
teristics of the grout with conventional and birdcage cables
is the interaction between thick fluids such as cement
grouts, the walls of pipes, and objects in the path of the
grout. A thick grout (water-cement ratio of 0.35) behaves
like a Bingham fluid, which includes fluids such as coal
slurries, emulsions such as paint, and suspensions of finely
divided solids in liquid such as drilling mud. Figure 46
shows a flow profile for Bingham fluids as well as for
grout around a cable. Normally, the grout would flow Like
a Bingham fluid, but when a cable is placed in the hole,
frictional resistance is created. The seven individual wires
of the birdcage cable are more evenly distributed across
the hole, resulting in less turbulence in grout flow. While
PVC pipe does not have the same frictional properties as
rock, the above discussion shows that a potential problem
may occur when using low water-cement ratlo grouts to
place cable bolt supports.
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Fligure 43.—Air voids In grout column of 4.8-cm-diam hole with
single cable.
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Figure 46.—Schematic of grout flow in circular pipe.

PRODUCTION RATES AND COSTS FOR CABLE BOLT SUPPORTS

Installation of cable bolt supports is usually accom-
plished in two separate operations, one for installing the
cables and the other for grouting the holes. Production
rates and costs for these operations obviously differ from
one mine to the next. However, it is useful to compare in-
formation from several sources to establish guidelines.
Tables 5 and 6 list production rates for both inserting
cables and grouting holes for two mines in Canada and
one in the United States. The mines listed in these two
tables are the same mines.

Table 5.—Production rates for inserting cable bolis

Mine Production rate per  Crew size Cable iength,
individual shift, m ' m
Ao ‘g0 2 9-15
B........ =) 2 15
C.oovnnnn Y166 3 15-20
lg.h shitt. 212-h shift.

Source: Goris and others, 1992,

Table 6.—Production rates for grouting cable bolt holes

) Production rate Crew Cable Water-cement
Mine per individual size length, ratio
shift, m m
A... g0 2 9-15 0.32:t
B... 1166 2 15 0.45:1
c... 230 3 15-20 0.32:1
'g-h shift. #12-h shift.

Source: Goris and others, 1992.

Table 7 gives total costs of cable bolt supports for seven
mines in Canada and one in the United States. The mines
in table 7 are not the same as those in tables 5 and 6.
Table 8 gives itemized costs for installing a 12.2-m-long
cable bolt support.

Table 7.—Total costs for cable bolt supports,

Canadian dollars per meter
Mine Cost Comments
Ao, $29.46 0.3- by 0.3-m plates used.
B........... 19.71  Drilling consumables not inciuded.
Double cables used.

C.oveninninn 28.84  Double cables.
DL 2854  Double cables.
E........... 31.83  Single cables.
F oo .. 19.69  Single cables.
G..ovvvennt 19.50
H.o.. ... 28.00

Average . ... 26.84

Source: Goris and others, 1982.

Table 8.—itemized costs for 12.2-m-long cable bolt
supports, Canadian dollars

tem Cost

Hole drilling {$11.94/mincl. labor) .............. $145.67
Cables (122 m @ $3.61/m,double} . ............ . 44.04
Cableanchor ............cccovivrivnennnn.. 4.25
Large 0.3-by 0.3-msteelplate ................, 245
Endanchor ..........cciiiiinininnnnnnesnn 3.30
12.2-m grout tube (152 m @ $0.82/m) .......... 12.46
Cement (1bag @ $10.00} ...........couvuunns 10.00
Labor ($4.27/M) ... ...t e 52.09

Total ... e 274.26

Costpermeter ..........coviivinerennnn 22.48

Source: Goris and others, 1992,
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CABLE BOLT SUPPORT PATTERNS

An extensive study of 12 mines in Canada and the
United States was conducted (Nickson, 1992) to review
cable support practices. The majority of the mines were
located in western Canada, but the data are applicable
to many mines in North America. Some typical examples
. of cable bolt patterns found in this study are shown in
figures 47 and 48.

SUPPORT PATTERNS FOR STOPE BACKS

Case studies of stope back supports by Nickson (1992)
were made up largely of blasthole and vertical crater re-
treat open stoping situations, but some drift, cut-and-filt
stope, room-and-pillar, and undercut-and-fill mining meth-
ods were included. Figure 474 shows typical cable instal-
lations in cut-and-fill mining. Cables up to 18 m long were
usually installed in upholes to cover three or more mining

A
Square-back pattern

Cable

B
Fan-back patten  Square-back pattern

"Blasthole

Figure 47.—Typical back support for {A) cut-and-fill mining and
(B) open stope mining {Nickson, 1992).

lifts. Extra cables were often installed in the hanging wall
for rock stability and to reduce ore dilution. Cables were
also installed from an overcut but were restricted by how
long a downhole could be drilled accurately. In narrow
open stopes, bolts were installed in a fan pattern from
footwall to hanging wall. Where the development area
was large enough, cable bolts were installed on a square
pattern and were sometimes angled into both the hanging
wall and the footwall. Excessive ore dilution by rock from
the hanging wall or footwall can undercut this type of
back support and induce failure. Inadequate distribution
of cables into a stope back often occurs as a result of
limited access to the stope, or where the drill drifts are
not slashed to the full width of the ore body. In this case,
a square pattern is not possible, and the point-anchor
approach is often adopted (fig. 48).

SUPPORT PATTERNS FOR HANGING WALLS

Hanging wall cable bolt supports were installed mainly
from a sublevel drill drift to act as point anchors. Fig-
ure 48 illustrates the point-anchor approach to this type
of bolting. Cable bolt densities found on each sublevel
ranged from two to seven bolts installed on rings spaced
every 24 m along strike. The design strategy in some
cases was not to stabilize the whole hanging wall, but to
limit the effect of undercutting as mining advanced to the
next lift. It is believed that the localized bolt density is not
as important as the distance between each point anchor.
Hanging wall cables can be evenly distributed over the
supported surface by drilling holes from a hanging wall
drill drift (hanging wall drift fan) or countersinking the
bolts through the back of a sublevel drift (even hanging
wall) (fig. 48). Cables installed from a separate hanging
wall drift were found on only one occasion because the
cost associated with the additional development work
required is high.

Figure 48.—Cable support patterns for hanging walls. A,
Evenly distributed, point-anchored cable bolts placed from hang-
ing wall drift; B, evenly distributed, countersunk cable bolts; C,
point-anchored cable bolts placed from 0 sublevel drift (Fuller,
1983).



" CABLE SLINGS

Cable slings were used in isolated cases of crown pillar . -

recovery, bulkhead support, and pillar rcinforcement, In
the case of crown pillar recovery, cable slings supported
timber mats below slag or tailings fill as mining advanced
(fig. 494). Slings were also used to reinforce the back and
walls of a conventional sublevel development for an open
stope slot. Figure 498 illustrates the use of a sling for
support of an open stope. This type of support might be
useful where cables are poorly distributed over the surface.
The drill crosscuts were close enough to allow cable bolt
holes to be drilled from one to the other. Cables could be
installed and plated on each end in an attempt to sling the
back between each drill crosscut. No patterns of this
nature were encountered in practice, but they have been
discussed as a design concept.

MANDOLIN CABLE BOLT SUPPORTS

Mandolin bolting is another method of cable support.
Cable bolts are installed parallel to the stope hanging wall
and attached to a second set of angled cables installed
above the sublevel drill drift (fig. 50). The cables parallel
to the hanging wall are angled less than the dip of the
surface in order to place the end of the cable into com-
petent rock. The sublevel drill drift may be shotcreted to
protect the exposed portion of the cables., Several mines
in Canada have considered using the mandolin bolting
technique, but as yet have not tried it extensively.
~ In other countries, the mandolin approach has been
used with success.” In the early 1980's, ground control
engineers at the ZC Mine in Broken Hills, New South
Wales, Australia, placed cable bolts parallel to the stope
across a large crack to stabilize a wall in a longhole open
stope in blocky ground (fig. 50). The tension crack meas-
ured over 48 cm at onc location. The support consisted of
11.4-cm-diam steel pipes grouted into 15.2-m-long holes
running parallel to the wall of the stope. Three 15.9-mm-
diam steel cables were then placed in the pipes, tied back
into the rock at the top of the stope, and grouted. The
purpose of the pipes was to increase shear resistance
across major fractures. Twenty-six of these supports were
installed in the wall of the stope and provided a great deal
of flexible, yielding support capable of mthstandmg high
deformation (Cutjar and others, 1985). :

The use of cable bolts parallel to the walt of an open
stope proved to be very effective at the ZC Mine. This
sam¢ approach was also used successfully at the
Outokumpu Pyhasalmi Mine in Finland. Figure 51 shows
a profile of the X-22 stope at this mine, where cable bolts
were installed on 1- to 1.5-m spacings (Lappalainen and
Antikainen, 1987).

A
Cable sling
Crown pillar
Blasthole \\ ;

Figure 45.—-Sling approach to open stope support. A, Crown
pillar recovery; B, support of open stope (Nickson, 1992).
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EXAMPLES OF CABLE BOLT INSTALLATION PROCEDURES

Cable bolt installation procedures (Nickson, 1992) were
studied in 11 mines in Canada and 1 in the United States.
The data collected provided an indication of the variations
in grouting equipment, cable lengths, grout water-cement
ratios, hole-plugging techniques, terminology, and other
aspects of bolting practice. The procedures followed by six
of the Canadian mines and one U.S. mine are summarized
below. Table 9 lists the type of equipment, number of
cables, and number of personnel used in cable bolting
procedures at the seven mines.

Table 9.—Equipment, number of cables, and number
of personnel used in cable bolting procedures

Mine Type of Number of Number in
equipment cables crew

Canada:

T Spedel 6000 . . . .. 2 2

2. i Minepro3 ...... 2 2

3. Spedel 6000 . .... 2 2

4 .. ... Spedel 5000 .. . .. 1 2

5. .. . Minepro3 ...... 1 2

6 ... Minepre 3 ...... 1 2
US mine...... ChemGrout .. ... 2 2

Seurce: Nickson, 1992.

CANADIAN MINE 1

_ Downholes: Use 19-mm grout tube to clean all holes
prior to inserting cable bolts. Tape grout tube 15 cm from
one end of cable using enough tube to run the whole
length of hole and attach to grout pump. Lower cables
into holes to be grouted with taped end of grout tube at
toe of hole. Prepare grout with water-cement ratio of 0.35
and hook up pump to grout tube. Pump grout until it
begins to come out collar of hole.

Upholes: Tape 9.5-mm breather tube to end of cable
and insert into hole with taped end of breather tube at toe
of hole. Insert grout tube 60 cm into collar of hole,
leaving enough tube to reach pump. Plug collar of hole
with rags. Prepare grout with watet-cement ratio of 0.35
and hook up pump to grout tube. Pump grout until it
comes out breather tube. Bend and tie off breather and
grout tubes to prevent grout from leaking.

CANADIAN MINE 2

Upholes greater than 12 m long: Install steel strips on
end of cable for anchorage. Tape 13-mm breather tube to
end of cable with end of breather tube cut at 45°. Insert
cable in hole and make sure that breather tube is not
pinched. Connect water hose to breather tube and flush
hole. Place grout tube 1 m into hole collar with end cut

at 45°. Plug hole with Monofoam expanding foam sealant
and allow to cure 24 h. Fill hole with 0.375 water-cement
ratio grout. Make sure breather tube is completely full of
grout.

Upholes less than 12 m long: Install steel strips on end
of cable for anchorage. Tape 19-mm grout tube to end
of cable. Insert cable into hole. Connect water hose to
breather tube and flush hole. Fill hole with 0.35 water-
cement ratic grout, making sure breather tube is com-
pletely full of grout. No plug is used at collar.

CANADIAN MINE 3

Upholes: Wash cables before installing. Install steel
strips on end of cable for anchorage. Attach 9.5-mm
breather tube 15 cm from end of cable with electrical tape.
Wrap tube with tape at several locations along cable.
Tape grout tube 2 m from the hole collar. Insert cable
into hole. Seal hole collar with burlap and wooden
wedges. Cut breather and grout tubes 3 m from collar.
Attach grout tube to grout pump feeder hose and pump
0.4 water-cement ratio grout until it discharges from

breather tube.
CANADIAN MINE 3

Upholes: Tnstall steel strips on end of cable for an-
chorage. Tape 19-mm grout tube to top cnd of cable.
Insert cable into hole and cut grout tube so that end
reaches grout pump. Mix onc sack (40 kg) cement with
12:1 water (water-cement ratio of 0.3). Pump grout until
it comes out at hole collar. Plug collar with steel wool
(four rolls). Pump grout until pump stalls, - Crimp and
tape grout tube at collar,

CANADIAN MINE 5

Upholes: Bend single wire at top of cable at 135°
Install cable in hole and push grout tube into hole until it
reaches top; then pull back 15 ecm. Tape grout tube to
cable at collar of hole. Cut off grout tube, leaving enough
to reach grout pump hose. Install wooden wedges in hole
coliar, Pump grout, bend end of grout tube, and tie off.

CANADIAN MINE 6

Upholes greater than 14 m long: Install steel strips on
end of cable for anchorage. Tape 9.5-mm-diam (3-MPa)
breather tube to cable in two or three places. Keep
breather tube end within 15 cm of end of cable and cut at
45°. TInstall cable and breather tube in hole. Push a
19-mm-diam (1.7-MPa) grout tube 0.3 to 1 m into hole
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and leave 1-m-long tail out of hole. Wedge cable in hole
with wooden wedge and plug collar with cotton waste
and thick grout. Let collar seal set for 8 h. Mix grout
(water-cement ratio between 0.33 and 0.40) and pump
until grout flows out of breather tube. Bend end of grout
and breather tubes 180° and tie off.

Upholes less than 14 m long: Install steel strips on end
of cable for anchorage. Tape 19-mm (0.7-MPa) grout
tube to cable in two or three places. Keep grout tube end
within 15 ¢cm of end of cable. Insert cable into hole,
Wedge cable into hole with wooden wedge, making sure
not to pinch grout tube. Mix grout (water-ccment ratio of
0.3) and pump until it comes out hole collar, Bend and tie
off grout tube. Grouts with water-cement ratios greater
than 0.35 will require grout plug, so it is important to
maintain a 0.3 ratio.

Downholes: Tape a 19-mm (0.7-MPa) grout tube within
15 cm of cable end. Insert cable and grout tube into hole
and push to end of hole. Mix a 0.3 water-cement ratio
grout and pump until grout appears at collar. Do not pull
out grout tube while pumping, as tests have shown that air
gaps may form in the grout column.

U.S. MINE

Upholes: Cut cables off cable reel to desired length,
making sure that ends are square. Beware of stored
spring energy in cable. Align pneumatic cable pusher with
hole and feed cable through rollers on pusher until enough

cable has been fed through to create anchor. Using flat-
head screwdriver, twist single strand of wire from cable
end protruding from pusher. Using ring drill starter steel,
bend this wire over to form barb for anchoring cable.
Barb should be between 7.6 and 11.5 cm long and be bent
to an angle between 125° and 140° from vertical. If cable
is longer than 12 m, bend over second barb with wire op-
posite first barb, Using cable pusher, run cable into hole.

When end of cable approaches rollers on pusher, attach
second cable to first with sleeve and continue pushing
cables until first cable is within 30 cm of hole collar. Dis-
connect slecve and second cable and attach plastic end
cap to end of first cable sticking out of hole. Before pro-
ceeding, pull on first cable to check anchorage. If there
is any doubt, tie off cable to roof bolt before continuing.
Create anchorage barb on second cable. Using electrical
tape, securely fasten 12.7-mm-diam breather tube approx-
imately 30 cm from end of second cable. Continue to
push second cable into hole, leaving approximately 30 cm
extending from the hole. Install 19-mm grout tube approx-
imately 60 cm into hole. Leave enough tube hanging out

" of hole to reach grout tube coming from grout pump.

Using cotton waste and expanding foam, fill lower portion
of hole, tightly packing hole to prevent grout leakage.
Grout hole.

Bend back one wire for cable anchorage if hole is
shorter than 12 m, or two wires if hole is longer than
12 m. Use cable pusher if hole is more than 12 m,

CABLE BOLT DESIGN METHODS

Lang (1961} referred to rock bolting as "the designed
use of rock bolts to reinforce and envelop the rock around
an cxcavation into a structural entity." This concept takes
advantage of the inherent strength of a rock mass and was
first applied to cable bolts in cut-and-fill mining,

Most cable bolt designs have been developed using
an even distribution of bolts in a regular square pattern.
Where access is restricted, an even pattern may not be
possible, and bolts are frequently installed at high densities
in a fan-shaped configuration to act as point anchors. The
point-anchor approach differs from pattern bolting in that
large arcas of the rock surface are left unsupported.

There are a number of methods for designing cable
bolts supports. This section presents a brief overview of
the most common methods: deadweight, arch theory,
beam theory, past experience, Mathews method and bolt-
ing factor, and Potvin method. It is recommended that the

original published document be reviewed prior to the use
of any particular method.

DEADWEIGHT CONCEPT

Deadweight design is used at a aumber of mines when
cable bolts are required to stabilize a specific block or
wedge. In some cases, this method is used to design a
general cable bolt pattern for stope backs. Most of the
designs using a deadweight analysis assume that the tensile
strength of the cable is equivalent to the bond strength of
the cable-grout interface.

This method involves estimating the weight of the rock
to be supported and using a factor of safety to determine
the number of bolts required according to the following
equation:
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where N = number of cable bolt supports,

W = weight of the rock, mt,

FS = factor of safety,
and T = bolt load (load-carrying capacity of each

cable bolt), mt.

For example, assuming W = 100 mt, FS = 1.2, and
T = 26.3 mt for each cable bolt, N would be

_ 100 X 12 _
263

N 46.

Therefore, five cable bolts would be used.

The number of cable bolts would be distributed evenly
over the area involved and would extend 1.5 to 4 m or
more beyond the projected failure plane. If, however, the
embedment lengths of the cables are limited, their load-
carrying capacity may be reduced, resulting in a greater
number of required cable bolts.

ARCH THEORY

Arch theory is also based on the concept of deadweight.
Determination of the weight of rock to be supported is
based on defining a zone of expected instability, This is
not a well-defined procedure unless a fault or shear zone
isolates an arca of the rock mass. A natural arch is
formed around an opening because of redistribution of
stresses. The height of the arch can be determined
through numerical modeling and has been related to span
opening. The spacing of the cable bolt supports is given
by the equation

BS - 5 H D @
where BS = bolt spacing, mz,
H = height of the arch, m,
and D = density of the rock, kg/m>.

This method assumes that the full bolt load-carrying
capacity is used and that there is competent ground above
the arch. Cable bolt lengths are typically determined by
allowing for at least 4 m of anchorage into the arch.

Stheeman (1982) describes a procedure used at the
Tsumeb Mine where the curvature of a natural arch above
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a cut-and-fill stope was approximated mathematically, The
curved shape of fracture planes forming the walls of a
cavity after a rock fall indicated the limits of the degree of
self-support of such an arch. Fracture plane angles were
noted at different positions and used to derive an elliptical
relationship that supported the observations. This rela-
tionship was used to estimate the volume of rock below
the natural arch that required cable support. The number
of cables required was determined by dividing the weight
of rock below the arch by the estimated breaking strength
of the cable. The calculated cable density was subse-
quently increased to reflect a safety factor of 1.2. Bolt
length was based on the coverage of five mining lifts, the
height of the arch, the embedment length required to sup-
port the weight below the arch, and an allowance for grout
bleeding.

BEAM THEORY

Beam theory has been applied to cable bolt design
where the geologic structure is parallel to the surface to be
supported. This is most commonly applied in a layered
rock mass, where cable bolt supports are used to tie a
number of layers together into a stable beam. The design
method is similar to that used with the arch theory and is
based on using the deadweight of the beam to determine
cable bolt spacing. The volume of rock is approximated as
a rectangular area, and the bolt spacing is calculated by
the equation

T

BS= _____ _ __,
FSxLxD

&)

where L = the beam thickness, m.

Fuller (1983) describes a design approach for a point-
anchor cable bolt pattern based on beam theory. A hang-
ing wall in layered rock was assumed to behave as a beam,
as shown in figure 52. Cable bolts installed in the hanging
wall in a fan-shaped configuration at two intermediate
sublevels were simnulated by the reaction R.. While stope
abutments were fixed, the analysis allowed for some beam
deflection at the intermediate points to represent the true
action of cables taking load.

In this analysis, Fuller assumed that the beam ex-
perienced uniformly distributed loading (based on a rock
specific gravity of 4) and related cable reactions to lab-
oratory pull-test curves for different embedment lengths
of 15.2-mm-diam double cables. The number of cables
required along strike was related to beam thickness, as
illustrated in figure 52. Thus, a minimum cable bolt den-
sity of four cables for cach mcter of strike length was
determined for this particular stope. Beams less than 1 m
thick were found to fail in tension,
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Figure 52.—Beam approach to hanging wall design {Fuller, 1983).

Case histories of hanging wall support collected from
western Canada typically reflect major structures parallel
to the surface. In most instances, however, there was a
second minor joint set that contributed to failure between
sublevels and limited the success of point-anchor cable
bolting.

PAST EXPERIENCE

Past experience is the most common design method
encountered in western Canada and the United States.
This method relies on an initial trial-and-error process
followed by adjustments based on performance. In many
cases, the initial design is based on typical patterns used at
other operations. The span of the opening created is
usually the initial criterion that determines whether cable
balt supports are required. Therefore, larger spans dictate
the use of a tighter cable pattern.

The use of this method is most noticeable where cut-
and-fill mining is in progress. The cables are installed at
lengths up to 18 m and cover several mining lifts. In these

cases, the effectiveness of a cable bolt pattern can be
evaluated fairly easily since cut-and-fill lifts are mined
rapidly relative to open stoping situations.

This method has also been used in the design of open-
stope back support, although the initial pattern selection is
much more critical. Modifications to the installation after
mining has begun are difficult, if not impossible. - Cables
are required in the back if the span exceeds a specified
amount, which is determined by experience. This critical
span is reduced if the quality of the rock mass deteri-
orates. In some cases, the cable bolt spacing is deter-
mined by the blasthole ring burden so that cable bolt holes
can be drilled from existing setup points.

MATHEW’'S METHOD AND BOLTING FACTOR

Mathews (Mathews and others, 1981) developed an
empirical relationship between a stability number, N, and
a shape factor, S, of a stope surface. The stability number
can be evaluated as



N=QxAXBXxXC, 4)
where Q' = Q-system rock mass rating with the stress
reduction factor set to 1,7
A = stress factor,
B = rock defect orientation factor,
and C = design surface orientation factor.

The shape factor (S) is also called the hydraulic radius
(HR) and is determined by the equation

SA

PR )
where SA = surface area of a stope back, m?,
and PR = perimeter of the back, m.

The terms "span” and "length” are often applied in
open-stope terminology, where the span of a surface can
be defined as the minimum dimension and the length of
that surface as the maximum dimension. A traditional
longitudinal stoping sequence relates length to the distance
along strike and span to ore body width. Hydraulic radius
involves both the span and length of a particular surface.
For square openings, HR is one-fourth the span, but as
the ratio of span to length decreases, HR converges to half
the span. Mathews proposed a design chart (fig. 53) that
relates the stability number to the shape factor and defines
zones of stability, potential instability, and potential caving.
These zones are further described as follows:

1. Stable - The excavation will stand unsupported if
some localized ground support is placed to control
slabbing. ‘

2. Unstable - The excavation will experience localized
caving but will tend to form a stable arch. Cable bolt sup-
ports and modification of the extraction sequence are sug-
gested as ways to make open stoping feasible.

3. Caved - The excavation will not stabilize until the
void is full,

Figure 54 presents factors A, B, and C graphically. The
rock stress factor A is related to oo, which is the ratio
of the uniaxial compressive strength of intact rock to the
induced compressive stress parallel to the surface under

A discussion of the Q-system rock mass rating is presented in the
section on "Potvin Method.”
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Figure 53.—Stability graph for underground excavations
(Mathews and others, 1981).

consideration. Cases of high induced stress will reflect a
lower o0, ratio and an overall reduction in the stability
number through a reduction in factor A. The rock defect
orientation factor B is based on the orientation of the
most persistent joint set with respect to the stope surface.
Structures perpendicular to the surface reflect the most
favorable orientation and are given the highest rating. The
design surface orientation factor C is based on the
assumption that a vertical wall is cight times as stable as
a horizontal surface under the effects of gravity.

POTVIN METHOD

The modified stability graph (fig. 55) was developed
empirically from an analysis of 242 case histories of open-
stoping situations in Canada (Potvin, 1988). The study
involved the review of such essentials as mining method,
rock conditions and properties, stope geometry, cable bolt
density, and length of cable bolts. Based on these case
studies and the concepts behind the Mathews design
method, a stable zone and a caving zone were identified by
relating a modified stability number, N°, to HR of the
surface. Potvin’s (1988) approach described N’ in terms of
a block size factor, a compressive stress factor, a joint
orientation factor, and a gravity factor. Therefore, if
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Figure 55.—Modified stability graph (Potvin, 1988).

Q’= RQD E,
Jl‘l Ja
then N' = O’ x AXBxC,
where ROD = rock quality designation,
J, = joint set number,
J. = joint roughness number,
and J, = joint alteration number.

(©)

RQD and J, J,, and J, can be estimated from tables 10,
11, 12, and 13. Values for A, B, and C can be estimated

from figure 56.

Once N’ and HR are determined, the expected stability
condition of the surface can be determined using figure 53.
Potvin (1988) suggested that the first stage in designing
a cable bolt pattern is to complete a stability analysis to
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determine the expected stability condition of the surface.
A zone is identified on the modificd stability graph that
is within the caving zone, but that could be classed as
stable if cable bolt supports were added; that is, a stope
that lics within this zone would require cable bolts to re-
main stable. Assuming that support is required, the den-
sity of cable bolt supports could be determined from the
design chart for cable bolt density {fig. 57). This chart
relates cable bolt density to a relative block size factor,
ROD/(J, x HR). It was originally developed on the basis
of an analysis of 66 casc histories of stope backs supported
with cable bolts.

Table 10.—Rock quality designation (RQD)'*

Designation RQD
Verypoor (... iiiniiiiiinnnransas 0- 25
Poor ...t a e 25 50
Fair ... e 50 75
Good ... i it 75- 90
Excellent ............ ... ... ..ot 80-100

lwhere RQD is reported or measured as s10 (including
0), a8 nominal value of 10 is used 10 evaluate Q.

QD intervals of 5 (e.g., 100, 85, 90} are sufficiently
accurate,

Source: Barton and others, 1974,

Tabie 11.Joint set number (J,)

Joint set Corrected

joint sets

Massive, noneorfewjoints ............... 05 1.0
Tjointset............... oo 2
1 joint set plus random ... . 3
2jointsets ........... 4
2 joint sats plus random 6
Sjointsets ................ ... 9
3jointsetsplusrandom .................. 12

4 or more joint sets random, heavily jointed,

“sugar-cube-ike” ......... N ieree e 15
Crushed rock, earthlike . . ................. 20

NOTE.—For intersections, use three times the number of joints;
for portals, use two times the number of joints.

Source: Barton and others, 1974.

The design techniques developed by Potvin (1988) are
bascd on open stoping cxperience in Canadian mines.
Nickson (1992) found that the modified stability graph
(fig. 55) for stope design is used often in western Canadian
operations. The design chart for cable bolt density
(fig. 57) is rarely used to prepare the final design but is
consulted before the desired pattern is determined. This
chart (fig. 57) applies only in mines where there is an even
distribution of cable bolts over the surface and is intended
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for use only where stope backs plot in the supportable
zone of figure 55. Figure 57 is not intended for designing
hanging wall supports or point-anchor back support. Pot-
vin and Milne (1992) also suggest that weak material, slot
raises or brow developments, and poor-quality grout will
limit use of the cable bolt density chart.

Tabie 12—Joint roughness number {J,)

Joint description J 2
Rock wall contact before 10-cm shear:

Discontinuous joints .. .................. 4
Rough or irregular, undulnﬁng ............ 3
Smooth, undulating . ........ ... ... 2
Slickensided, undulatmg ................ i.5
Rough or irregular, planar ............... 1.5
Smooth, planar .............. ... ... 1.0
Slickensided, planar . . .................. 05

No rock wall contact when sheared:
Zone containing clay minerais thick enough to

prevent rock wall contact . ......... 1.0
Sandy, gravelly, or crushed rock thick onough
to prevent rock wallcontact ............. ' 1.0

ladd 1.0 if the mean spacing of relevant joint set is greater
than 3 m.

23, = 0.5 can be used for planar slickensided joints having
lineations.

Source: Barton and others, 1574.
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Figure 57.—Design chart for cable bolt density (Potvin, 1988).

Table 13.—Joint alteration number (J,)

Residual
Joint description ! friction
angle,
. deg
Rock wall contact:
Tightly healed, hard, nonsoftening, im-
permeabies fillings, e.g., quartz or
epidote ..............c.00hninn 0.75 "0
Unaltered joint walls, surface straining
ONly . ...t 1.0 25-35
Slightly altered jomt walls Nonsaften-
ing mineral of the alteration products,
coatings, sandy particles, clay-free
digintegrated rock ............... 20 25-30
Silty or sandy clay coatings, small clay
fraction (nonsoftening) ............ 3.0 20-25

Softening or low-friction clay mineral

coating, e.g., kaolinite, mica, Also

chlorite, talc, gypsum, graphite, and

small quantities of swelling clays.

Discontinuous coatings, 1 to 2 mm or

lessinthickness ................ 4.0 8-16

Rock wall contact before 10-cm shear:

Sandy particles, clay-free disintegrated

FOCK .. it 40
Strongly overconsolidated, non-

softening, clay mineral fillings.

Continuous, <Smm thick ......... 8.0
Medium or low overconsolidated,

softening, clay mineral fillings.

Continuous, <5 mm thick ......... 8.0
Swelling clay fillings, .g., mont-

morillonite. Continuous, <5 mm

thick. Value of J, depends on per-

centage of swelling clay-sized par-

ticles and accesstowater ......... 812 612

No rock wall contact when sheared:

Zones or bands of disintegrated or

16-24

12-16

crushed rockandclay ............ 6,8, 0r 6-24
81012
Zones or bands of silty or sandy clay,
small clay fraction (nonsoftening) .. .. 5
Thick, continuous zones or bands of
olay ... i 5, 10, 13, 624
or13to 20

Walues for friction angle are intended as an approximate guide
to mineralogical properties of alteration products, if pressnt.

Source: Barton and others, 1974.



UPDATED POTVIN METHOD

In 1992, Nickson (1992) completed a study that added
more information to Potvin’s database of cable bolt sup-
port practices. Twelve mines were visited to review cable
bolt support practices. Eleven of the mines were located
in western Canada, and one was in the United States.

The design methodology proposed by Potvin (1988)
was based on cable bolt support of open stope backs. In
Nickson’s study (1992), particular emphasis was placed on
collecting information on cable bolt supports placed in the
hanging wall, which would expand the use of the modified
stability graph.

Nickson’s study included 13 cases of unsupported
ground and 46 cases of supported ground. An "unsup-
ported case” was defined as a stope that did not contain
cable bolts. A "supported" case referred to a stope where
the surface contained cable bolt supports. Tables 14 and
15 summarize data collected for both the unsupported and
the supported stopes. These tables illustrate the range of
variation in rock and stope conditions and densities and
lengths of cable bolts.

Values for HR and N’ in tables 14 and 15 were cal-
culated and then plotted on the modified stability graph
presented by Potvin (1988) (fig. 55). Overall, 85 pct of the
case histories studied by Nickson agreed with the design
ranges established by Potvin (1988). For the database of
unsupported rock, 83 pct of the stable surfaces fell above
the transition zone, while 80 pct of the caved surfaces fell
below the transition zone (fig. 55). Also, 20 pet of the

£y |

cases where the stopes were supported with cable bolts fell
above the transition zome. This region is classified as
"stable without support” and indicates a conservative ap-
proach to cable bolt support design by some operators.

Nickson’s (1992} casc histories of back support were
then plotted on the design chart for cable bolt density
(fig. 57). Seventy-nine percent of the cases were in agree-
ment with the design ranges proposed by Potvin (1988).
The database supported Potvin’s observation that bolt den-
sities of less than 0.1 bolt/m? are not used by mine oper-
ators. Unfortunately, the availability of data concerning
rock falls at the mines in the study was limited; most of
the case studies indicated stope backs were stable.

Nickson then combined his data with those collected by
Potvin and conducted a statistical analysis to determine if
modifications should be made to the modified stability
graph (fig. 55) and the design chart for cable bolt density
(fig. 57). The analysis resulted in a revision of the mod-
ified stability graph (fig. 58) (Nickson, 1992). The sup-
portable region originally proposed by Potvin (1988) was
divided into a stable-with-support zone and a supported
transition zone. The combined databases increased con-
fidence in the stable-with-support zone.

All of the cases plotted in the stable-with-support zone
and the unsupported transition zone were stable and in-
dicated a high degree of design confidence. Cable bolt
supports should be considered when a design surface falls
within the supportable region of the revised stability graph
(fig. 58).

Table 14.~-Summary of database for cases with no cable boit supports!

Case Surface HR, m Q A B C N’ Stability
22 i Back ............. 6.2 13.3 0.1 0.2 20 0.53 Caved.
24 .. Back ............. 52 133 0.1 0.2 2.0 053 Caved.
2B .. Hangingwall ....... 10.3 10.0 1.0 03 8.0 16.0 Caved.
< Hangingwall ....... 16.4 59 10 0.2 55 6.5 Caved.
- R Hanging walt .. ..... 7.0 13.1 1.0 0.2 8.0 21.0 Stable,
BB i Hangingwall ....... 5.2 7.2 1.0 0.2 5.0 7.2 Stable.
< Back ............. 1.3 15.8 0.1 0.2 2.0 0.63 Stable.
4 e Hanging wall . ...... 8.1 215 1.0 0.3 6.0 38.7 Stable.
3 N Back ............. 18 15.8 0.1 0.2 20 0.63 Stable.
42 e Hangingwall ....... 6.1 2185 10 0.2 5.0 21.5 Unstable.
4 i Hangingwall ....... 59 72 10 0.2 5.0 7.2 Caved.
1 e, Hanging wall ....... 104 83 1.0 03 5.0 125 Stable.
- R Hanging wall ....... 49 3.1 1.0 0.3 6.0 56 Unstable.

1HR = hydraulic radius; N' = modified stability number; see equation 4 for identification of other symbols.

Source: Nicksan, 1992,
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Table 15.—Summary of database for cases with cable bolt supports

RQD/ RQD/ Cable den-  Cable bolt

Case Surface HR. m o A B C N' Stability J {J, x HR) sity, length, m
: bolt/m?
1. Hangingwall ... 10.0 117 10 02 6.0 140 Caved .... 117 1.7 0.018 9.1-183
2. Back ......... 23 "7 10 02 20 4.7 Stable .... 117 5.09 0.130 6.1
3. Hangingwsell ... 11.7 26 10 03 75 5.6 Stable .... 6.7 0.57 a.021 6.1
4 . Hanging wall . . . 19.1 25 10 03 75 5.6 Caved .... 6.7 0.35 g.018 6.1
5. - Back ......... 2.8 1.7 10 02 20 4.7 Stable .... 1.7 4.50 0.160 9.1
6. Hangingwall ... 171 273 10 €3 75 614 Caved .... 137 0.0 0.022 6.1
7. Hanging wall . . . 10.9 25 10 02 75 38 Unstable . . . 6.7 0.61 0.011 6.1
8. Hanging wall . .. 127 25 10 03 75 5.6 Unstable . . . 6.7 0.53 0.020 6.1
9 ... Hangingwal ... 132 237 10 03 80 569 Stable .... 118 0.88 0.018 6.1
W0 .. Back ......... 5.0 188 02 03 20 23 Stable .... 125 2.50 0.130 220
11 .. Hangingwall... 108 30 10 03 75 675 Stable .... 150 139 . 0.023 6.1
12 .. Back ......... 1.6 188 01 02 20 075 Stable .... 125 7.81 0.580 78
13 .. Hanging wall . . . 3.6 117 10 02 20 4.7 Stable .... 117 325 0.116 6.1
14 ., Hanging wall . . . 4.3 06 10 04 20 0.48 Stable .... 1.67 0.39 0.180 140
15 .. Hanging wall . . . 7.6 05 10 03 8¢ 045 Stabls .... 25 033 0.280 8,15
16... Hangingwall... 112 05 10 03 30 045 Caved .... 25 0.22 0.180 8 12
17 .. Hanging wall . . . 8.6 06 10 02 20 024 Caved. .... 1.67 0.19 0.140 12,15
18 .. Hanging wall . . . 4.2 133 01 03 20 080 Stable .... 133 3.17 0.250 98
19 .. Hanging wall . .. 5.2 133 01 03 290 0.80 Unstable... 133 2.56 0.270 98
20 .. Hanging wall ... 124 158 10 02 50 158 Caved .... 158 1.27 0.035 14.6
21 .. Hangingwall ... 108 58 10 03 60 284 Stable .... 158 1.46 0.031 4.6
23 .. Back.,....... 5.2 133 01 02 20 053 Stable .... 133 2.56 0.330 98
25 .. Back ......... 6.4 133 01 02 20 053 Caved .... 133 2.08 0.170 28
26 .. Hanging wall . . . 1.5 158 10 03 70 332 Stable .... 158 1.37 0.025 14.6
27 .. Back ......... 10.7 158 1.0 03 65 308 Stable .... 158 1.48 0.041 14.6
29 .. Back ......... 2.1 09 01 08 20 0.14 Stable .... 25 1.19 0.167 183
30 .. Back......... 20 116 01 02 20 046 Stable .. .. 6.6 3.30 0.410 ‘ 6.1
32 .. Hanging wall . . . 4.9 104 10 02 50 104 Stable . ... 6.9 1.41 0.070 12.0
33 .. Back ......... 1.7 89 01 04 20 0.71 Stable .... 8.9 5.24 0.540 6.1
34 .. Back......... 5.1 83 01 02 20 0.33 Unstable . ., 4.7 0.92 0.300 8.1
36 .. Back ......... 18 282 10 05 20 292 Stable .... 111 6.17 0.550 6.1
37 .. Back ......... 23 123 01 02 20 049 Stable .... 5.8 2.52 0.410 12.2
43 .. Back......... 24 111 01 02 20 044 Stable .... 625 2.60 INAp 49
45 .. Back......... 36 261 0t 03 20 1.6 Stable . ... 9.8 272 0.210 158
4 .. Back ......... 5.0 54 01 02 20 022 Stable .... 108 2.16 0.304 18.3
47 .. Back ......... 5.1 54 01 02 20 022 Stable .... 108 2.12 0.308 183
48 .. Back......... 50 250 04 02 20 40 Stable .... 167 3.34 0.245 183
49 .. Hangingwall ... 155 98 t0 03 47 140 Stable .... 13.1 0.85 0.160 9.1
S0 .. Hangingwail ... 170 31 10 03 47 4.4 Caved .... 8.3 0.49 0.180 9.1
52 .. Back ......... 52 158 01 02 20 062 Stable .... 155 2.98 0.110 10.2
53 .. Back......... 38 54 041 02 20 022 Stable .... 108 284 0.330 10.7
54 .. Hanging wall . . . 79 31 10 03 50 47 Stable .... 8.3 1.05 0.130 9.1
55 .. Back ......... §2 250 02 02 20 2.0 Stable .... 167 2.69 0.350 5.0
§6 .. Hangingwall ... 109 31 10 03 S50 47 Stable .... 83 0.76 0.120 7.6-9.1
57 .. Back......... 54 54 01 02 20 022 Stable .... 108 200 0.340 6.4
g9 .. Back ......... 5.6 250 04 03 22 6.6 Stable .... 129 2.30 0.260 4.9

NAp  Not applicable.

IHR = hydraulic radius; N' = modified stability number; ROD = rock quality designation; J, = joint set number; see squation 4 for
identification of other symbols.

2Back supported with rock bolts.

1

Source: Nickson, 1892,



Using the combined databases from Potvin (1988) and
Nickson (1992), the design chart for cable bolt density was
revised (fig. 59). This revised chart is recommended for
determining cable bolt density for back support when cable
bolts are evenly distributed over the surface. Square and
fan-back patterns are the best application of this type of
support, so they make up most of the cases in the com-
bined database. '

The design line in figure 59 represents the regression
line obtained from a statistical analysis of the combined
databases. It is recommended that cable bolt densities be
above the design line for stope conditions that plot in the
supportable region of figure 58, The upper limit of the
68 pct confidence band is suggested as a minimum design
density for the supported transition zone.

CABLE BOLT LENGTH

Potvin and others (1989) related the length of cable
bolts required to support a rock surface to HR of that
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Figure 58.—Revised stablility graph (Nickson, 1992),
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Figure $9.—Design chart for back cable support (Nicksen,
1992).

43

surface (fig. 60) by conducting a regression analysis to
define a linear relationship between cable length and HR
where the stope backs were stable. The relationship is
defined as cable bolt length = 1.30 + 1.84 x HR.

The regression line in figure 60 has a correlation co-
efficient of 0.495 and is very similar to the design line
proposed by Potvin (1988). It 1s suggested that this line be
used as a guide for determining the appropriate lengths for
cable bolts for back support. The ratio of cable length to
HR ranges from 3.1 to 2.0 and can be related to the span
of the opening (table 16).

Table 16.—Relationship between cable length
and span for back support

Ratio of hydraulic

Ratio of Cable length

length to span radius (HR) to span times span
T 0.25 0510 0.8
21 e 0.33 0710 1.0
L 1 0.40 08to 1.2
L= 2 0.45 0910 1.4

POINT-ANCHOR APPROACH TO CABLE
BOLT DESIGN

Fuiler (1983) made the distinction between a localized
and a uniform cable distribution in open stope hanging
walls (fig. 48). The purpose of the localized, or point-
anchor, approach to hanging wall support is described as
dividing the hanging wall into smaller unsupported stable
spans. The location of cable bolt supports is usually
determined by sublevel development, and span is therefore
related to the distance between sublevels. Thirteen cases
of point-anchor support for hanging walls were assembled
by Nickson (1992) and are summarized in table 17. Sup-
ported and unsupported spans have been defined as il-
lustrated in figure 61. Unsupported spans for a particular
case were variable, and the maximum unsupported span
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Figure 60.—Cable bolt length for back support (Nickson,
1992).



Table 17.—Database for point-anchor support for hanging walls'

Sup- Aver-  Strike, Sup- Num- Unsupported span, Supported HR, RQD/ Length,  Max length,
Case Stability ported  age dip, m ported  ber of m m RQD/, (U, x HR) m unsupported
HR. m deg span, m spans Min  Max  Av Min  Max Av span, m
3...... Stable ..... 11.7 80 66.4 35.9 2 144 213 179 59 8.1 7.0 6.7 0.57 5.6 6.1 0.29
4 ..., Caved ..... 19.1 80 89.7 106.1 4 213 322 266 7.7 107 9.2 6.7 035 56 6.1 0.19
6 ...... Caved ..... 171 82 67.2 69.6 3 199 288 233 7.8 9.9 8.7 137 0.80 61.4 8.1 0.21
7o Unstable .., 109 85 326 66.3 2 20.1 464 32.2 6.2 96 8.2 6.7 0.61 38 6.1 0.13
8 ...... Unstable ... 127 B4 40.2 67.3 2 198 474 336 66 109 9.2 6.7 0.53 5.6 6.1 0.13
9 ...... Stable ..... 13.2 87 68.6 442 2 185 256 221 7.2 9.4 8.4 11.8 0.89 56.9 6.1 0.24
11 ... Stable ..... 10.8 85 33.4 63.2 3 165 264 203 5.5 7.5 6.3 15.0 1.39 67.5 6.1 0.23
20 ..... Caved ..... 12.4 62 333 103.0 2 29.0 740 515 78 115 10.1 15.8 1.27 158 14.6 0.20
21 ... Stable . ..., 10.8 72 28.8 95.5 2 265 690 473 69 102 9.0 15.8 1.46 8.4 14.6 0.21
26 ..... Stable ..... 11.5 79 27.7 139.0 2 66.0 760 710 10.0 2.8 10.0 15.8 1.37 33.2 146 0.19
2r ... Stable ..... 10.7 74 28.6 840 2 218 660 439 62 100 8.7 15.8 1.48 30.8 18.3 0.28
49 ..... Stable ..... 15.5 62 130.0 44.0 2 20.4 236 220 89 10.t 9.5 13.% 0.85 14.0 2.1 0.39
80 ..... Caved ..... 17.0 62 111.0 62.1 2 2386 385 311 101 143 10.3 83 0.49 4.4 0.1 0.24

IHR = hydraulic radius; RQD = rock quality designation; J, = joint set number.

Source: Nickson, 1892.



was used in this analysis. It is proposed that the success
of the point-anchor approach to cable bolt support is
related to the distance between sublevels and the size of
the rock mass black. The design chart for point-anchor
support for hanging walls is illustrated in figure 62. The
chart relates the maximum unsupported HR to the relative
block size factor expressed in terms of the supported HR,
A statistical analysis of the point-anchor database was used
to derive a support line for design. Underground mapping
and stope planning will give an indication of the relative
block size factor for design purposes. An acceptable
design is indicated by projecting vertically up from the
horizontal axis to the design line and reading an ac-

ceptable unsupported HR on the vertical axis. The
5
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Figure 61.—Description of geometry for point-ancher approach
1o cable bolt support design.
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unsupported HR was determined by considering the span
and associated strike length for each sublevel interval. It
is intended that this procedure be reversed to derive either
an acceptable span or a strike length to be excavated.

The design chart for point-anchor supports for hanging
walls is based on the assumption that the revised modified
stability graph (fig. 58) can be used to determine if cable
bolt supporis are required. Additional case histories
should be collected to improve upon this relationship.
This design method also assumes that adequate support
has been installed at each sublevel, and it is recommended
that bearing plates be used. The average water-cement
ratio in the point-anchor database ranges between 0.40 and
0.45.

Because of the large surface arcas involved, it is dif-
ficult to relate bolt density to the number of bolts per
square meter of surface area, as proposed in the design
chart for back cable bolt support. Preliminary guidelines
for bolt density and length can be based on current prac-
tice. Bolt density for point-anchor support is related to
the number of bolts installed on each ring and the spacing
between rings. The database in this study reflects an aver-
age of four cable bolts per ring and 2.4 m between rings.
If double cables are treated as two separate bolts, then
an average of slightly over five cable bolts per ring is
reflected. It is suggested that the average values for ring
spacing and the number of cable bolts per ring be used as
preliminary design guidelines.

Nickson (1992) proposed that design bolt length for the
point-anchor approach to cable bolt supports in hanging
walls is related to distance between sublevels. The ratio
of cable length to maximum unsupported span listed in
table 15 can be used as a preliminary guideline for the
determination of cable bolt length. These data indicate
that cable length should exceed 25 pet of the maximum
unsupported span.
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Figure 62.—Design chart for point-anchor support for hanging
wall. Specifications: 0.40 to 0.45 water-cement ratio, 2.4-m ring
spacing, five single cables per ring, plates recommended.



CONCLUSIONS

Cable bolt supports are an established ground control
technique in the mining industry and offer a variety of
approaches for reinforcement of rock masses. They can
be installed as either passive or active supports; they can
behave as stiff or yieldable reinforcement, depending on

their configuration; they can be placed at any angle; and
they contribute to safe, productive mining without the need
to make changes in existing mining methods. Properly
installed, these supports offer an effective ground control
system for the mining industry.
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