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Abstract 

In underground mines around the world rigid bolts and cable bolts are installed either by a manual or mechanized 

reinforcement practices. With the current mechanized cable bolting technology passive support is provided by 

installing fully grouted long cable bolts from a reel and mechanized active support is only provided by conventional 

bolting rigs. Presumably there will be demand for new kind of mechanized reinforcement practice when the use of 

mechanized bolters is growing and faster and better practices are required.  

Immediately supporting mechanized cable bolting rig would make wider use of cable bolting in underground mines 

possible. The aim of this Master’s Thesis was to evaluate the idea of mechanized installation of tensioned active cable 

bolts instead of rigid bolts. The main interest was focused on the restrictions and alternatives of mechanically 

installable assemblies of active cable bolts but requirements for the installation machinery were also briefly 

considered. The aim was also to find out if the national mining legislation of some major countries or mine-specific 

requirements might restrict the development and use of tensioned cable bots as a replacement for conventional ridged 

bolts.  

Research was mainly done by the internet search of supplier’s product data related to cable bolts, surveying the cable 

bolt patent situation and related patents from the worldwide database with a little help of a patent engineer but also 

some conversations and regional contacts have had to confirm some information and get mine-specific reinforcement 

information. Research of legislation from was limited to English language countries but some information regarding 

legislation in other countries was gathered from conversations with regional contacts.  

The results showed that variety of cable bolt products and also that tensionable cable bolt applications of several 

suppliers are available. None of those commercial or patented pre-fabricated tensionable cable bolt assemblies are 

readily possible to use by current mechanized cable bolting rigs. Even if tensionable cable bolts can be assembled 

from commercially available components, mechanization of the installation process for anchors and plates as well as 

tensioning will be challenging. The possibility of patent infringement should also be taken into account if the aim is 

to develop new tensionable cable bolt. 

Based on the research the replacement of currently used rigid bolts with tensionable cable bolts is possible. Especially 

low seam mines and mines were mechanized bolters are already in use will be a good target customer segment for 

new mechanized cable bolting. However, due to the complex installation and tensioning procedures a complete rig 

realizing full cable bolting cycle for active bolts is very challenging. Tensionable cable bolt alternatives need to be 

field tested and the possibility of mechanization needs more exact evaluation from the point of cable bolt installation 

machinery. 

Additional Information 
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Tiivistelmä 

Maanalaisissa kaivoksissa ympäri maailmaa jäykät pultit ja jännepunospultit asennetaan joko mekaanisten tai 

manuaalisten tuentakäytäntöjen mukaisesti. Nykyisellä mekanisoidulla jännepunospultitus teknologialla saadaan 

passiivinen tuenta asentamalla täysin juotettuja pitkiä jännepunospultteja suoraan kelalta ja mekanisoitu aktiivinen 

tuenta voidaan saavuttaa ainoastaan tavallisilla pultituslaitteilla. Oletettavasti uudenlaiselle mekaaniselle 

tuentakäytännölle olisi kysyntää, koska mekaanisten pultituslaitteiden käyttö on lisääntymässä ja vaatimuksena on 

entistä nopeampi ja parempi käytäntö. 

Välittömän tuennan antava, mekanisoitu jännepunospultitus -käytäntö laajentaisi jännepunospultituksen käyttöä 

maanalaisissa kaivoksissa. Tämän diplomityön tavoite oli arvioida kelalta mekaanisesti asennettujen jännitettyjen 

aktiivisten jännepunospulttien käyttöä jäykkien pulttien tilalla. Pääasiassa on keskitytty mekaanisesti asennettavien 

aktiivisten jännepunospultti kokoonpanojen rajoituksiin ja vaihtoehtoihin, mutta myös laiteelle asetettuja vaatimuksia 

on lyhyesti käsitelty. Tavoitteena oli lisäksi selvittää rajoittavatko joidenkin maiden lait tai kaivoskohtaiset 

vaatimukset tuentakäytäntöjen kehitystä tai käyttöä. 

Tutkimus on pääasiallisesti tehty hakemalla toimittajien jännepunospultteihin liittyviä tuotetietoja internetistä, 

tutkimalla jännepunospulttien patenttitilannetta ja niihin liittyviä patentteja maailmanlaajuisesta patenttitietokannasta 

patentti-insinöörin avustuksella, mutta myös keskusteluja ja maakohtaisia kontakteja on käytetty tietojen 

varmistukseen ja kaivoskohtaisten tuentatietojen keräämiseen. Lainsäädäntötutkimus on rajoittunut englanninkielisiin 

maihin vaikkakin joidenkin muiden maiden lainsäädäntö on lyhyesti selvitetty perustuen maassa toimivien 

toimijoiden kanssa käytyihin keskusteluihin. 

Tulokset osoittavat useiden toimittajien tarjoavan kattavan valikoiman jännepunospultti tuotteita ja jännitettäviä 

jännepunospultti sovelluksia. Mikään näistä kaupallisista tai patentoiduista valmiiseen mittaan leikatuista ja valmiiksi 

asennetuista jännitettävistä jännepunospulteista ei sellaisenaan sovi käytettäväksi kyseessä olevan mekanisoidun 

jännepunospultitus -käytännön kanssa. Vaikka jännitettävä jännepunospultti voidaan koota kaupallisesti valmiista 

osista, ankkureiden ja aluslevyjen mekaaninen asentaminen sekä jännittäminen ovat haasteellisia. Myös 

patenttiloukkauksen mahdollisuus on otettava huomioon, mikäli jännitettävä jännepunospultti aiotaan kehittää itse 

eikä tehdä yhteistyötä jonkun toimittajan kanssa.  

Tutkimuksen perusteella nykyisin käytettävät jäykät pultit voidaan korvata vaijeripulteilla. Erityisesti matalat 

kaivokset ja kaivokset, joissa on jo käytössä mekanisoituja pultituslaitteita, olisivat sopiva kohderyhmä uudenlaiselle 

mekanisoidulle jännepunospultitukselle. Mekanisointi ei kuitenkaan ole helposti toteutettavissa. Jännitettävät 

jännepunosputti vaihtoehdot vaativat kenttätestausta ja mekanisoinnin mahdollisuus laitteiston näkökulmasta vaatii 

tarkempaa arviointia. 

Muita tietoja 
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1 INTRODUCTION 

Rock support is a continuous process in rock excavation especially in underground mines. 

Rock support enables the utilization of the mineral resources in different mining 

surroundings by preventing ore dilution, eliminating problems in excavation and ensuring 

safety. Lack or under dimensioned rock support likely leads to unwanted scenarios. For 

example the excavation could collapse causing fatalities or injuries to workers, damages 

to assets, the loss of ore and disruptions to production. Corporate image and social 

responsibility give guidelines to modern mining companies that cannot compromise with 

safety. Accidents in mines have increased mining companies’ awareness of safety and 

companies have tightened their specific regulations on the subject. This in turn is the one 

of today’s crucial factors which sets restrictions as well as needs for rock reinforcement 

and the development of new kinds of mechanized reinforcement tools. Not to mention the 

economic impact in case of ground fall and possible consequences. 

The purpose of this Master’s thesis is to evaluate the idea of immediately supporting 

mechanized cable bolting practice in underground mines. The concept is to install 

tensioned active cable bolts from a reel and to use them instead of rigid bolts. 

Additionally information about the present level of cable bolting, the current cable bolt 

patent situation and regional legislation of rock reinforcement have been collected and 

analyzed. Based on this information the feasibility of the idea will be considered. The 

main focus is on possible mechanically installed assemblies of active cable bolts but the 

machinery used to install cable bolts is also briefly considered. 

The thesis is literary research about the possibilities of wider use of cable bolting in 

underground mines. The main consideration is to survey possible restrictions and 

alternatives for a new kind of cable bolting practice, and to prevent the re-invention or 

development of already existing and in particular already patented inventions. The survey 

of existing cable bolt inventions, commercially available cable bolts and accessories, and 

mechanization level is also for giving ideas and for evaluating the possibility of 

developing a new cable bolting practice using existing technology. Related to law and 

specific regulations it could be evaluated how widely immediate reinforcement with cable 

bolts could be used and its market potential.  
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2 BACKROUND 

The safe and optimal reinforcement in all kinds of underground mines is a challenge. In 

particular a single solution which satisfies all parties, authorities, workers and 

management is difficult to find. The rock mass and its behavior is different in every 

location, which means case-specific consideration has to be performed in every mine. 

Mines and mining companies have their own support practices based on a mining 

method, geotechnical calculations, available techniques and established practice. 

Several bolt types and installation methods are used in individual mines all over the 

world. 

 

Today there is a wide variety of different methods for bolt installation. Tunnel sizes, 

amount of the bolts to be installed and work cycle arrangement at the site are the main 

factors affecting the choice of the method (Heiniö 1999, 293). Installation of 

reinforcement is either manual or mechanized with the varying degrees of automation 

(Lovejoy 2012).  Mining machinery manufacturers provide a wide selection of 

mechanized reinforcement equipment for various mining surroundings, also for low 

seam mines where roof height is the challenging factor. There is semi- and fully 

mechanized equipment of different sizes and functions for different types of rigid rock 

bolts and cable bolts are mainly used as reinforcement. (Atlas Copco 2013; Sandvik 

Mining and Construction 2013)  

 

With available semi-mechanized bolting equipment, the operator has to manually 

handle drill steel, insert resin cartridges and insert the bolts. With available fully 

mechanized bolting machines the machines do the work and the operator loads materials 

onto the machine but there is no need to do it after every bolt installation (Marek et al. 

2012). Still in some cases, like in the most Australian mines, manual installation is 

found to be more convenient (Villaescusa 2013). 

 

Manual installation is time-consuming, difficult and labor intensive but still a common 

method in some countries mainly because it is considered to be more productive than 

using mechanized bolters (Heiniö 1999, 293; Lovejoy 2012). However, in these 

countries the use of mechanized bolters are growing, especially in conventional mining, 
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mainly driven by safety improvements in mining companies. Companies have to 

remove mine workers from hazardous environments which led to the need for the 

further development of the mechanized roof bolters. (Lovejoy 2012; Marek et al. 2012) 

It can be assumed that there will be a growing demand for new kind of faster, better and 

multi-use reinforcement practice.  

  

The current technology of cable bolting rigs is designed for long hole drilling, cement 

handling and injection to the predrilled hole, and finally the installation of the plain or 

bulbed steel strand from a reel as a passive support without end or surface anchors or 

tensioning. (Atlas Copco 2010; Sandvik Mining and Construction 2013) What about a 

new kind of reinforcement practice; a fully mechanized cable bolting machine for the 

installing of point and surface anchored, tensioned, pre- or post-grouted cable bolts 

directly from a reel? Such a method would provide immediate support and cable bolts 

could be used like rigid bolts as an active support. Several lengths of flexible but active 

bolts could be installed by one machine. This way installing of cable bolts could be 

faster and better compared to the current bolts and at least some of the need for rigid 

bolts could be replaced. The additional advantage would be that one machine could 

install various lengths of either passive or active bolts.  

 

Demand for this new kind of mechanized practice could be expected. Especially low 

seam mines would be a remarkable marketing area for this practice because height of 

roof is a challenging factor and currently there are not so many convenient opportunities 

available for rock reinforcement. Nowadays manual or semi-mechanized installations 

are more common. If a new active support practice can be mechanized in low seam 

mines, later on it would also be possible to apply this new practice in bigger heading 

sizes. 

 

Below are listed some of the potential benefits that the use of a new kind of cable bolt 

instead of rigid bolts could bring to rock reinforcement in underground mines;  

  The flexibility of cable bolts allows the installation of longer bolts from a small 

drift or crosscut (Pariseau 2011, 437). A cable can be stored conveniently on a 

reel and cable of any length can be installed from the reel. Roof height will not 

be as big of a problem or delay element and bolting material supply will not 
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have to be refilled as often as with rigid bolts. In addition coupling of bolts is not 

needed.  

 A cable is easier to fit into a bore hole. It is also lighter and easier to transport. 

(US6074134) 

 Length of the bolt will be adjustable so every installed bolt will meet the 

requirements of the length. Practice provides a greater length of bolts than 

currently used rigid bolts does (Pariseau 2011, 437). 

 If conventional rigid bolts are replaced by cable bolts, the most of the 

reinforcement can be done with one kind of bolting equipment. 

 The installation of various lengths with the same settings of the machine will 

also save time and simplify the work of the operator for example in a case of 

section with different bolt lengths.  

 Strength of cable bolt reinforcement is higher than conventional bolts (Pariseau 

2011, 437). 

The new cable bolting practice and the new cable bolt product would improve cable 

bolting to be used in wider extent than it is today. Still the idea of the mechanized, 

point-anchored and tensioned active cable bolt needs some evaluation before being 

developed. In this Master’s thesis, the present level of cable bolting and commercially 

available pre-fabricated products are surveyed to look into a need for this kind of 

practice and possibilities to implement it.  

In this work the parts of a cable bolt reinforcement system are itemized. Patents as well 

as commercial applications related to itemized parts and to complete tensionable cable 

bolts are surveyed and some of them presented so that possibilities for the usage of 

already existing products in mechanized active cable bolting practice can be considered. 

Cable bolt related patents in the worldwide patent database are also run through to 

evaluate the idea and further to avoid the infringement of an existing patent. In addition 

general mining and safety laws and regulations set for reinforcement and more precisely 

for bolts and bolting in different countries are rounded up from country-specific 

legislation.  Some of the legislation and mine-specific practices are collected from 

contacts in those countries. Related to mining law and specific regulations of different 

mining countries, could be evaluated how widely new kind of cable bolting practice can 

be used or are there some restrictions for usage or development placed by legislation.  
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3 ROCK SUPPORT AND REINFORCEMENT IN 

UNDERGROUND MINES 

3.1 Principles 

The purpose of rock support and reinforcement in underground mines are the secure 

stability of the rock surrounding excavations for a needed period of time by preventing 

excavations from caving and protecting workers from falls of smaller blocks and loose 

rocks. Ground control is separated to the external and internal procedures. Term support 

refers to the external procedure where some element is in contact with an excavation 

surface and in this way the rock is supported. Some of the support techniques and 

devices are fill, shotcrete and mesh. Whereas reinforcement is the internal procedure in 

which case rock is helped to support itself with devices inserted inside the rock. 

(Hustrulid & Bullock 2001, 312; Hutchinson & Diederichs 1996, 2; Thompson et al. 

2012) 

Reinforcement devices like rock bolts and cable bolts stiffens and strengthens the rock 

mass when they are inserted into the surrounding rock usually over a drilled borehole 

(Hustrulid & Bullock 2001, 312; Thompson et al. 2012). A reinforcement system 

(Figure 1) is stated to comprise four main components which all influence on an overall 

performance of the reinforcement system even if the internal and external fixtures, and 

the rock, surrounding the borehole, count the most. (Barley & Windsor 2000) 

 

Figure 1. Generic reinforcement system (Thompson et al. 2012). 
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3.2 Categorizations of reinforcement techniques 

Reinforcement techniques can be divided into five categories according to time or 

function based categorization. Lifespan and time of installation can be considered as 

time based. While function based categories are operating principle, statically action 

and way of attachment. The lifespan of the bolt is either temporary or permanent. 

Temporary reinforcement is installed to ensure safe working conditions during mining 

when permanent reinforcement is installed for excavations which require support after 

mining. (Brady & Brown 2004, 312-313; Hustrulid & Bullock 2001, 547; Lappalainen 

et al. 2009, 222-226)  

Time of installation defines is reinforcement primary or secondary. Primary 

reinforcement is installed during the development cycle to maintain the overall stability 

of excavations while secondary reinforcement is additional and installed at later stage 

for securing medium to large blocks or zones between the primary reinforcement. 

(Brady & Brown 2004, 312-313; Windsor 1997, 920) For example cable bolts are used 

as a secondary support to enhance the primary support system which can be 

implemented by rock bolts or grouted rebar and screen. (Hutchinson & Diederichs 

1996, 264) 

An operating principle of reinforcement is either active or passive. For temporary 

reinforcement active rock bolts are used. Active bolts give immediate support to the 

rock at the time of installation versus passive bolts are not installed with an applied 

loading therefore do not supply support until the rock mass deforms and loads the bolt. 

It can be said that relative to the safety of installation, active bolts are more reliable. 

Active reinforcement is mainly achieved with anchored tensioned bolts with the 

exception of friction bolts which are active and untensioned and passive reinforcement 

is achieved with grouted untensioned bolts.  (Brady & Brown 2004, 313; Lappalainen et 

al. 2009, 223-225) 

According to Lappalainen et al. reinforcement can be categorized into three bolt types 

by the way they are attached to the rock: grouted, point-anchored and friction bolts. This 

type of categorization and some examples of each group are introduced in Figure 2. 
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Figure 2. Bolt type categories and examples of the categories (Modified from: Hoek et 

al. 1995; Lappalainen et al. 2009). 

Grouted bolts are, usually rebar or cable bolts grouted with cement or resin, suitable for 

permanent or long-term support, because grout improves both pull-out strength and 

corrosion resistance.  Both cement and resin grouted bolts provide passive support and 

in hard rock mines resin bonded steel bolts are widely used as a permanent 

reinforcement. (de la Vergne 2000, 30; Brady & Brown 2004, 338-339) Resin has fairly 

short hardening time compared to cement therefore it is also suitable for using as one 

type of point-anchor as on display in Figure 2. 

Point-anchored bolts are active reinforcement devices for temporary reinforcement and 

always tensioned after or during installation for providing immediate support. Point-

anchoring is implemented either by a mechanical device or chemically by a not so 

vibration sensitive resin column. In addition point-anchored bolts are usually, even if 

not necessary, grouted to prevent corrosion, ensure the locking of the mechanical anchor 
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in place and improve pull-out strength. Grouted bolts are for more permanent 

applications or in corrosive conditions and for the short term use the bolts can be left 

ungrouted. (Brady & Brown 2004, 339; Hoek et al. 1995, 163; JunLu Luo 1999, 17; 

Pariseau 2011, 287; Tamrock 1997, 154). 

The third bolt type is friction bolts for which the ability of reinforcement is based on 

intimate frictional contact between the length of the bolt and the rock. The most 

commonly used friction bolts are Split set and Swellex. Installation of friction type bolts 

is quick and simple in comparison with conventional rock bolts but the thin shell has a 

poor tolerance of corrosion. Friction bolts give immediate support but because of 

corrosion they do not provide long term support. (Bobet & Einstein 2010; Brady & 

Brown 2004, 339; Hoek et al. 2000, 171-173; Tamrock 1997, 155)    

3.3 Support design 

Progressive mining causes changing stress conditions and distributed rock mass which 

lead to demand of support to achieve the stability of excavations. Support has to be 

designed such a way that it will remain effective all required time as well as have 

required stiffness, load capacity and load displacement capacity. Support requirements 

for permanent openings like ramps are different than support in non-entry stopes. In 

permanent openings the safety of men and equipment is a prime consideration while in 

stopes support is for the control of dilution. (Hutchinson & Diederichs 1996, 9; Hoek et 

al. 1995, 4) 

Design of rock support including reinforcement is a complex problem but it is said that 

the prior requirements for support are set by rock mass, which often dominates possible 

type of behavior or failure mechanism (Barley & Windsor 2000; Windsor & Thompson 

1992). Naturally reinforcement design for underground excavations starts at data 

collection so that rock mass can be analyzed. Data collection is usually the 

responsibility of geologist and several measurements are made to define rock structure 

by geological and geophysical explorations like reliable geotechnical drilling and core 

logging. (Brady & Brown 2004, 58-69; Hutchinson & Diederichs 1996, 180) Figure 3 

summarizes the main steps and factors, starting from data collection, in reinforcement 

design given in the works of different authors. 
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Figure 3. Main steps in reinforcement design for underground excavations (Modified 

from: Brady & Brown 2004; Hutchinson & Diederichs 1996; Hoek et al. 1995).  

Based on data collection, presentation and analyze, next step of reinforcement design is 

determination of rock mass properties (Hutchinson & Diederichs 1996, 167; Hoek et al. 

1995, 22-27). Refer to Figure 3 in this step rock behavior and its characteristics have to 

be evaluated. This evaluation is done either through empirical methods or through 

mechanistic analysis (Hutchinson & Diederichs 1996, 167). Some of classification 

systems, empirical methods or experience based, are presented in Figure 3. Those are 
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developed to be a simple and rapid procedure to illustrate the quality of the rock giving 

numerical value to those properties and features of a rock mass considered likely 

influence to the rock behavior in the field (Barley & Windsor 2000; Brady & Brown 

2004, 77). These procedures are popular and noticed to be highly successful (Barley & 

Windsor 2000). Nowadays mainly Rock Tunneling Quality Index, Q and Rock Mass 

Rating, RMR are used to determine the stability of excavations, to estimate strength and 

stiffness parameters and to present support recommendations (Hutchinson & Diederichs 

1996, 192; Hoek et al. 1995, 38-47) 

When all factors under demand of design (Figure 3) are determined, actual support 

design can start. This is a step where requirements for the excavation and fundamental 

purpose of reinforcement as well as operation and installation features are taken into 

account because they will set some constraints and requirements for the support design. 

Economics of mining including costs of bolting, regulated safety standards, mining and 

development sequences and access to equipment are some examples of constraints 

placed on the support design (Hutchinson & Diederichs 1996, 9).  

After the knowledge of demand and possible constraints it is time to choose the suitable 

support design. Parameters considered when choosing installation and design of support 

is listed in Figure 3. Design tools considered in the earlier steps like rock mass 

classification and mechanistic analysis give recommendations for spacing and length of 

chosen type of reinforcement like for cable bolts (Hutchinson & Diederichs 1996, 44). 

If it is decided that modern 7-wire steel strand cable bolts are a type of usable 

reinforcement with recommended spacing and length enough to penetrate into stable 

rock, there are still many parameters to consider which can be noticed from Figure 3. 

Corrosion is usually problematic in permanent reinforcement and especially in a 

corrosive environment, so the consideration of parameters related to corrosion 

protection is done. When using cable bolts, for example the usage of a galvanized or 

epoxy-coated cable instead of normal steel strand should be considered in order to 

provide better corrosion resistance (Hakala & Satola 2001). 

Rock reinforcement design for underground excavations is a demanding and very 

complex task (Heiniö 1999, 290). The amount of information gathered from mine 

design, development and production can vary but the basic steps of support design 
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presented in Figure 3 remains unchanged (Hoek et al. 1995, 7). Still, some iteration 

might be done to choose the most suitable support technique and parameters for it. 

Figure 3 shows, that the monitoring of excavation support behavior is essential step to 

validate design and to permit modifications of the future support designs. Monitoring 

must be done after the support is chosen and in use. This sets one more demand to the 

support system because it has to be testable. 

There are many factors affecting the rock reinforcement method and its design as 

demonstrated before. Heiniö (1999) states the most important factors which are also 

included in Figure 3 and for summarizing this in chapter, those are as follows;  

 Geological factors, such as rock properties and rock mass structure 

 Dimensions and geometry of excavated space 

 Location and direction of excavations in the rock mass 

 Excavation method 

 Use and the expected lifetime of excavated space 

3.4 Support practice 

The selection of support materials and methods is based on the unique support design of 

each mine that is why there is no typical support application that can be unambiguously 

described (Hoek et al. 1995, 137). Nevertheless, the most common rock support 

methods can be listed as follows (Brady & Brown 2004, 338-346; Hoek et al. 1995, 

137-162; Hustrulid & Bullock 2001, 539-569). 

 Dowels, rock bolts and cable bolts 

 Shotcrete; plain or fiber reinforced 

 Mesh, chain-link mesh and steel sets 

 Backfill 

Time of installation of introduced methods varies and they are used either individually 

or in combination in different applications. One fundamental combination is chain-link 

or steel mesh installed under the face plates of bolts to restrain small pieces of rock 

between bolts and to reinforce shotcrete. This kind of support is mainly installed for 
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safety reasons to ensure the safety of personnel and equipment. The combination of 

grouted rebar and shotcrete is suitable for more permanent support. Depending on the 

cost and availability as well as ease and speed of installation mechanically anchored or 

friction bolts are also used. (Brady & Brown 2004, 344; Hoek et al. 1995, 138-141) 

Hutchinson & Diederichs 1996 states that cable bolts can be used in a combination with 

shotcrete, mechanical bolts or grouted rebar and the use of retention elements such as 

mesh are important for surface retention between cables. Cable bolts are used 

supporting intersections, drawpoints and large spans. In drawpoint support usage of 

grouted bulbed cable should be considered. Fully grouted rock bolts or cables with fiber 

or mesh reinforced shotcrete are the support combination for some permanent mining 

excavations. (Hoek et al. 1995, 137-162; Hutchinson & Diederichs 1996, 5) 

Requirements for support and a chosen support method vary with current ground 

conditions. For example in Hitura mine ground conditions are very difficult and they 

have seven different support combinations in use in different areas; Split-set bolts or 

cable bolts are used with shotcrete, in some areas mesh is installed or shotcrete is fiber 

reinforced. Figure 4 shows the principle of ground support in the most difficult ground 

conditions of Hitura mine. (Meriläinen et al. 2012)   

 

Figure 4. Principle of ground support in Hitura mine (Lappalainen et al. 2011, 216). 
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3.5 Installation and mechanization of reinforcement 

Mechanization of bolting or reinforcement from manual installation towards automation 

is driven by the need to improve safety in underground mines. Traditional manual bolt 

installation, at every stage from drilling to tensioning, is done by hand-held equipment 

right under the unsupported roof. Alternatively bolting can also be done with face 

drilling rig so that jumbo drills the holes and bolts are installed either from a man basket 

attached to a boom or from a separate scissor lift (Lappalainen et al. 2011; Marek et al. 

2012). This kind of developing and rock bolt reinforcing at the same time with the 

jumbo and then cable bolting at later stage is quite normal practice at least in Australia 

(Villaescusa 2013). The safest option is mechanized bolting which is normally used 

when the demand for bolting is high because it needs only one operator to install bolts 

by controlling a bolting machine with levers and joysticks (Lappalainen et al. 2011; 

Lovejoy 2012). 

In mechanization the focus is on removing operator from the unsafe working areas, 

improving efficiency of the bolting process and increasing productivity (Marek et al. 

2012). The target of the mechanized bolters, both conventional and cable is to cover the 

full bolting cycle with one machine. In that case the minimum functions for the bolting 

machine are drilling and bolt installation. Depending on reinforcement practice and used 

support methods other possible functions are anchoring, grouting, tensioning and swell 

up and in some cases also mesh installation. (Harpila 2013) 

Mechanized bolting rigs are available for the installation of various types of bolts in 

reefs and seams of different heights. Conventional bolting rigs mainly install rigid bolts 

and cable bolting rigs are used for the installation of fully grouted long cable bolts. 

Bolting rigs resemble a drilling jumbo equipped with one or several booms. A typical 

bolting rig has a conventional bolting head (Figure 5) attached to one boom which 

includes a rock drill, a grout tube, a bolt installation and torque head and a bolt 

carousel/cassette. A mesh installation boom and/or compressed air, resin cartridge 

injection system are also available on some bolting rigs when required. (Harpila 2013; 

Lappalainen et al. 2011; Kouhia 2013) 
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Figure 5. Sandvik's TU-LPM Bolting head for conventional bolting rig and the bolting 

cycle (Sandvik 2011). 

Respectively mechanized cable bolting rigs are equipped with extension drilling for 

drilling longer holes and a cable reel at the back of the machine replacing the ridged bolt 

cassette for providing longer bolts. Mechanized cable bolting rig is either equipped with 

one boom where all devices are attached or with two booms when other one drills and 

the other grouts and installs a cable. Additionally cement mixing system is on board of 

bolting rig. After the installation of desired length, cable is cut from the reel. In 

addition, rigs are capable of installing several cables into the same borehole. Figure 6 

illustrates Sandvik’s two boom cable bolting rig. (Harpila 2013; Lappalainen et al. 

2011; Kouhia 2013)   

 

Figure 6. Sandvik DS520-TC Two boom cable bolting rig (Sandvik Mining and 

Construction 2013).  
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4 CABLE BOLT 

4.1 Generally 

Cable bolts are used to reinforce rock masses in the backs and walls of excavations. 

Typical cable bolt is a long, fully grouted, flexible steel tendon and capacity of steel 

element is transferred to the rock mass through grout. The components of the cable bolt 

reinforcement system (Figure 7) are; the rock surrounding the bore hole, the steel 

strand, cement grout forming the link between the cable and the rock mass and external 

plate and anchor. (Hassell et al. 2006; Hutchinson & Diederichs 1996, 1, 35) According 

to Dolinar & Martin 2000 the performance of the cable bolt reinforcement system 

depends on how well these components act together.  

 

Figure 7.Components of cable bolt system (Modified: Hassell et al. 2006). 

In a typical cable bolt reinforcement system, bolts are installed either singly with 

normal 2mx2m spacing between cables or in pairs to double the tensile strength of the 

system (Hoek et al. 1995, 179, 212). The length of a cable can vary between a few 

meters to 40 meters (Lappalainen et al. 2011, 219). Installation is usually done before 

stoping or sequentially during the stoping operation when bolts are not tensioned (Hoek 

et al. 1995, 179, 212). Most of the times plates are finally attached to the exposed end of 

the cable to complete the cable reinforcement system. Thinner plates can be used to 

attach mesh or straps and thicker plates are used as an integral part of the cable bolt load 

transfer system.  (Hutchinson & Diederichs 1996, 111) 
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4.2 Strand geometry and performance 

The most commonly used cable bolts are based on 7 wire steel strands with the diameter 

of 15.2mm. Strand is either plain or geometry is modified in order to improve the bond 

between grout and cable bolt and in some cases to provide better yielding properties. 

(Hutchinson & Diederichs 1996) Satola I (2007) has also stated in his Doctoral 

Dissertation that corrosion protection treatment of the cable, like epoxy-coating, 

improves bond strength between the cable and the grout resulting in higher bond failure 

loads and maximum load. Hutchinson & Diederichs 1996 have showed some of 

modified strands which are presented in Figure 8. 

 

Figure 8. The cable bolt configurations (Hutchinson & Diederichs 1996, 11). 
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Many performance factors of strands can be measured and are usually given by a 

manufacturer to specify the axial performance of the cable bolt system. These 

specifications can be used, for instance, to choose an adequate reinforcement system 

and to compare the performance of various cable bolts or performance between cable 

bolt and rigid bolt. Next in Figure 9 results of pull out test showing the performance of 

strand and below it some of the performance factors are described: (Hutchinson & 

Diederichs 1996) 

 

Figure 9. Pull-out test giving minimum strand performance specifications for single and 

double 15.2 mm cable bolts (Modified: Hutchinson & Diederichs 1996). 

 Tensile strength is the maximum stress that cable can withstand before the 

complete rupture. Tensile strength is measured as force per unit area when units 

are megapascals (MPa), newton per square meter (kN/m
2
) or pounds of force per 

square inch (psi). In cable bolt specifications strength is either given in MPa or 

transferred to the kilonewtons (kN) or tons (t) by using strand’s cross-sectional 

area when designation can also be tensile force or load. For example at the 

rupture (Figure 9), for 15.2 mm steel strand cable tensile capacity is 25 tons/250 

kN.  

 Breaking load also called ultimate load is the tensile load applied to a length of 

strand at the time when the rupture happens. This is mostly used to specify the 

strength of cable bolt, kilonewton or ton.  
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 Yield strength is tensile load applied to a length of strand without permanent 

deformation and more precisely for cable bolts it is measured when permanent 

deformation is 0.2% of the original dimensions. 

 Elongation is a minimum amount of extension of the length of the cable just 

before the rupture of one or more wires in the strand. It is expressed as a 

percentage of the original gauge length of the cable. 

 Bond Strength is the resistance to slip at the cable and the grout interface along 

a unit length or a unit surface area of cable. It is usually reported in units kN/m 

or t/m. 

In Doctoral dissertation, The Axial Load-Displacement Behavior of Steel Strands 

Used in Rock Reinforcement, Satola I (2007) has showed the results of axial double 

pipe test for different strands and rebar. Results are presented on the left and the 

principle of double pipe test on the right of Figure 10. 

 

Figure 10. From the left, the average load-displacement curves for each test bolt type 

with an embedment length of 1000mm and the principle of double pipe test. Symbol ● 

denotes that test bolt ruptured (Modified from: Satola 2007). 
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4.3 Grouting 

Cable bolts are usually grouted for creating a continuous coupling between the cable 

and the rock mass. There are a number of different methods in use for grouting cable 

bolts but the principle is that grout can be pre- or post-installed. Most commonly used 

post-installation methods are; the breather tube method used for upholes and the grout 

tube method used for any hole orientation. On these methods (Figure 9) grout is pumped 

through the grout tube either from the top or bottom of the hole and in some cases air 

tube is also used to avoid undesirable air voids. A grout tube can be left inside the hole 

or retracted as grout is pumped. In addition cable bolting machines generally uses the 

method where grout is installed first and cable bolt pushed through the column of grout 

to the pre-grouted hole which requires a mechanical force. (Hoek et al. 1995; Hustrulid 

& Bullock 2001, 558; Hutchinson & Diederichs 1996) 

 

Figure 11. Alternative methods for grouting cable bolts into upholes (Hoek et al. 1995, 

185). 
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Several grouting material options are available and it is noted over several tests that the 

most important components of the bond strength, between the cable and grout interface 

as well as grout and rock mass interface, are the properties of grout (Satola 2007). For 

typical fully grouted cable bolts cement grouts are used with an adequate water-cement 

ratio. In pre-installation cement grout can be stiffer for having lower grout water-cement 

ratio and higher grout strength than in case of post-installation. Post-installed grout is 

usually pushed through the thin tube so it requires better flowability, higher 

Water:Cement –ratio, which on the other hand reduces grout strength.  (Hutchinson & 

Diederichs 1996)   

Resin-based grouts are also widely used in cable bolt applications but other chemical 

products like urethane and other polymers are used only in very limited applications. 

The problem for the usage of chemical grouts is the installation of a flexible cable 

through the grout columns. The flexible cable will need a stiffener and rotation to be 

pushed through the cartridge(s).  (Dolinar D R & Martin L A 2000; Hutchinson & 

Diederichs 1996) One significant factor to a successful performance of resin grouted 

bolts is specified annular space between bolt and hole diameter. The annular space has 

to be about 3 to 6 mm for optimum resin mixing and setting. (Mark et al. 2004) 

4.4 Tensioning 

A further improvement for the cable bolt system can be achieved by either pre- or post-

tensioning the cable. Tensioning creates immediate active response to roof movements 

when the active force is transferred into the roof through a bearing plate pushed against 

the rock face. (Hustrulid & Bullock 2001; Hutchinson & Diederichs 1996; Tandolini & 

McDonnell 2009) To obtain immediate support action with cable bolts cables have to be 

point anchored and pre-tensioned during installation and in that case, the cable is noted 

to act quite similar to a point anchored mechanical bolt (Pariseau 2012, 437). In case of 

heavy pre-tensioning it is said that cable system’s load bearing capacity weakens and 

ability to move flexibly with the rock decreases (Satola 1997). 
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The tensioning of a cable bolt is done at a head of the cable through the external fixture 

which usually is either a barrel-and-wedge fitting (Figure 12) or a threaded bar attached 

to the end of the cable. (Hustrulid & Bullock 2001; Hutchinson & Diederichs 1996; 

Tandolini & McDonnell 2009) Dolinar & Martin 2000 claim that cable with threaded 

rebar is possible to tension by the bolting machine but wedge is done by hand. 

 

Figure 12. Typical two and three component Barrel-and-Wedge anchor assemblies for 

cable bolts (Modified: Hutchinson & Diederichs 1996; Thompson 2004). 

The common usage of tensioned cable bolt is to achieve immediate active reinforcement 

by pre-tensioning the strand and then post-grouting the assembly. Tensioning practice 

includes placing the cable bolt in the hole, point-anchoring it by using mechanical, 

chemical or combination anchoring, fitting external fixtures, pre-tensioning cable bolt, 

and then grouting the cable bolt. To achieve the maximum performance all parts of the 

cable bolt reinforcement system has to be as strong and as stiff as the used strand as 

well as selected according to specific conditions. For example expansion shell anchors 

work well in hard rock but they are not very effective in closely jointed rocks and in soft 

rocks, for which the use of resin cartridge anchors is recommended. (Hoek et al. 1995; 

Hustrulid & Bullock 2001; Hutchinson & Diederichs 1996; Tandolini & McDonnell 

2009)  
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5 CABLE BOLT PATENTS 

5.1 Patents generally 

A patent is issued to the inventor upon an application and it gives the exclusive right to 

forbid others commercially exploiting the patented invention which may relate to a 

product or a process. A patent is a legal document which describes an invention and 

protects it usually for 20 years from the issuing date. The structure of a patent document 

is alike everywhere: abstract, description, detailed drawings and claims. (PRH 2003; 

WIPO 2004) 

A patent issued in a country is valid only in that country which means that 

manufacturing and selling exactly the same product is allowed in other countries. 

However, patents can be applied for in any considered country. If the aim is to do 

business abroad, it is important to patent an invention in all operating regions so that the 

exclusive right to commercially exploiting the invention is ensured. It is possible to 

apply for a patent directly to the patent office of the foreign country or via patent 

application systems, like The European Patent Convention (EPC) or International Patent 

Cooperation Treaty (PCT) when a patent may be applied in all member countries 

through a single application. (PRH 2003; WIPO 2004) Usually, a patenting process 

from application to granting takes several years, from two years up to five depending on 

the country and complexity of invention   (Intellectual Property Office 2013; IP 

Australia 2013; PRH 2013; Quinn 2011).    

When surveying the patenting possibilities of new invention to check if the new 

invention will infringe on existing patent rights, at least the following factors are 

relevant to take under consideration; Compare characteristics of the newly developed 

invention between claims given in existing patent documents.  If there is even one 

characteristic of a new product that is not present in the existing patent, it is not a patent 

infringement. (Pöysti T 2013) Patents are valid for 20 years if annual payment is paid 

(PRH 2003). If there is a risk that new product is violating existing patent rights, it is 

possible to check validity of the existing patent by verifying the issue date and checking 

if annual the payments are up to date. It is also important to verify the status of the 
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document; is the patent granted or pending as an application? Comparison is likely to be 

done with patent description not with application, because an invention described in 

application can be revised and may change considerably during the patenting process. 

(Pöysti T 2013) As mentioned before the patent application process takes at least a 

couple of years or might last even five years. So under these circumstances it is 

important to consider not only existing patents but also patent applications and patents 

pending for at least five years back to sum all possible influential patents up.   

5.2 Cable bolt patent survey 

Cable bolt patents and applications are searched from Espacenet Patent search which 

offers more than 70 million patent documents worldwide. The search of cable bolting 

patents is limited to Earth drilling and mining and more precisely to Shafts; Tunnels; 

Galleries; Large Underground Chambers which for example includes soil stabilizing 

materials and safety devices. This limitation is implemented by using The International 

Patent Classification (IPC): E21D. Several search keys, “cable”, “strand”, “cable 

anchor*” and “cable bolt*”, are used under this IPC to find out all considerable patents 

related to cable bolting. Described words and word combinations are search from both 

title and abstract. The survey was done in May and June 2013 so it has to be noted that 

the number and status of patents are refreshing on daily bases. 

Thousands of patents and patent applications are found using described limitations. 

Search key “cable” gives over a thousand results and by the brief look could be said that 

the most of those are not relevant to this work, because they are mainly related to 

electric cables, roadway construction or support systems not the cable bolts themselves. 

With the search key “cable bolt*”, results are obviously related to cable bolts, their 

structure and components. The other search keys, strand and “cable anchor*”, give lots 

of Chinese and Russian patents and also lots of the same patents than “cable bolt*” 

search, so patent and patent application of these searches are not found to give any 

additional value to this survey.  
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Results from “cable bolt*” search are decided to use in this Chapter to survey current 

cable bolting patent situation. In Table 1 is presented summary of these surveyed cable 

bolt patents and patent applications divided according to country codes otherwise 

according to affected zones. 

Table 1. Summary of surveyed cable bolt patents and patent applications. 

  

Number of patents and 

applications (granted 

patents)

Description of the field of the patents and applications Main applicant(s)

AU Australia 41 (21)

Tampella Oy AB,                                 

Rock Engineering Pty Ltd,                

Jennmar Corp. [US],                         

Garford Pty Ltd [AU],                   

Dywidag Systems Internat Pty Ltd [AU]

CA Canada 34 (15)
Jennmar Corp. [US],                           

FCI Holdings Delaware Inc [US]

CN China 9 (1) Jennmar Corp. [US]

DE Germany 1 (0) Jennmar Corp. [US]

EP*
European 

Patent Office
9 (5) Canadian an Australian companies

GB
United 

Kingdom
3 (3) Jennmar Corp. [US]

JP Japan 18 (8)
Shimizu construction Co Ltd [JP],  

Ohbayashi Corp. [JP]

KR South Korea 3 (3)

Bansuk Cablebolt Co Ltd [KR],  

Garford Korea [KR],                     

Daelim Ind Co Ltd [KR]

US
United States 

of America
49 (18)

 

Jenmar Corp. [US],                               

FCI Holdings Delaware Inc [US]

WO**

World 

Intellectual 

Property 

Organization 

(WIPO)

20 (0)

Minova Usa Inc [US],                     

Jennmar Corp. [US],                      

Garford Pty Ltd [AU],                           

FCI Holdings Delaware Inc [US], 

Dywidag Systems Internat Pty Ltd [AU]

ZA South Africa 10 (0) Jennmar Corp. [US]

196 (74)

* Includes 40 European countries; Finland and Sweden among others (http://www.prh.fi/fi/patentit/hakuulkom/epcvaltiot.htmls)

** Includes 186 member states around the world; Australia, Brazil, Canada, Chile, China, Finland, Guatemala, Kazakhstan,

 Mexico, Russian Federation, Sweden  and United States of America among others (http://www.wipo.int/members/en/)

Country codes

- Grout injection (pre- and post-) or mixing refer to hollow tubes, plugs 

or cable structure like bulbs. 

- Cable bolt tensioning applications which usually includes some kind of 
anchoring method and plate assembly. 

- Different inventions of drive heads which will allow rotation of cable 

bolts.

- Cable bolt structure improvements mainly for mixing grout . 

- Injection and mixing applications for both cement and resin. 

- Tensionable cable bolt assemblies are most common with mechanical 

or chemical anchoring and tensioning plates. 

-Inventions for possible elongation of cable bolt are presented. 

- Granted patent  and applications for different tensioning assembly of a 
cable bolt.

- Other applications are for: setting cable bolts, 

structure improvements, 

injecting material through the cable.

- Just an application of US Corporation for expansion/anchoring 

assembly attached to the cable bolt.

Patents and applications cover :
- Bulbed cables, hollow cables for grout installation.

- Nuts/plates for tensioning, holding and grout installation. 
- Cable bolt installation by support tube.

One patent for each:
- devise for forming bulbs on a cable,

- cable bolt header to enable bolt rotation by means to mix bulb,
- internal channel passing through the cable for inserting grout .

- Most of the patents for anchorage device or plate outside the hole to 
preventing cable from falling or grout running out.

- Also patents for each: mixture of grout,

construction methods by cable bolting,

testing methods.

Three granted patents for: 
- manufacturing device for cable bolt,

- cone for cable bolts,

- mechanical anchor.

-Tensionable, resin or mechanically anchored, grouted with actions of 
different plates, nuts and wedges are usual field of comprehensive cable 

bolt solutions. 
- Separate inventions: Plug or hollow strand for grout injection,

Clamping device for tensioning ,

Driver head for rotation and grout mixing,

Cable bolt structure mainly protrusions

purposed for mixing grout or provide
elongation.  

Applications mainly consist of following: 
- tensioning devices, 

- grout injection plugs or plates,

- cable structure like bulbs

- head settings,

- inventions providing possibility of elongation.

-Most of the applications are for resin grouted cable bolts for tensioning

or mixing and installing resin with different solutions.

- Some other inventions : yielding fixture attached to the cable, 
drive head for rotating cable, 

stationary nut .
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From Table 1 can be seen that at this moment around the world there are almost 200 

patent applications and granted patents which some ways relate to the cable bolting. 

Granted patents cover one third of all these. It is noteworthy that some of these patents 

as well as applications appear in these totals more than once because to some inventions 

a patent is applied from several countries. Based on the survey the number of different 

inventions can be expected to be below 130 when the number of inventions patented at 

least in one country is about 45 (Espacenet 2013).  

Cable bolting patents are applied from nine countries and from two organizations which 

include many countries (Table 1). The most of the patents are applied and also granted 

in Australia (AU), Canada (CA) and United States of America (US). Figure 13 and 

Figure 14 display the regional dispersion of applied and granted patents. 

 

Figure 13. Regional dispersion of the total 197 applied patents. 

 

Figure 14. Regional dispersion of the total 74 granted patents. 
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In US, Japan (JP) and South Korea (KR) patent applicants are mainly native companies. 

Unlike patents applied in the US, the Japanese and Korean patents are not usually 

applied anywhere else in the world and are mainly targeted for road construction 

purposes. Everywhere else in the world it is usual that patent applicants come from a 

foreign country and the invention has already been patented in another country. This 

practice is mostly done by companies for completing the effect zone of the patents 

already granted in other countries.  

It can be stated that main part of patents and patent applications are comprehensive 

solutions including several parts threaded to the cable bolt and method for the usage of 

invention. Mainly, these solutions relate to tensionable cable bolts when claims include 

anchoring method, grouting method, driving head and tensioning device. In addition, 

there are individual inventions like plugs or clamping devices which are separate and 

patent claims that they are connected or can be connected to the cable bolt for enabling 

the specified function. In this case patent only takes a stand on a very limited area and 

for example when considering the usage of a patented clamping device outside the 

borehole end the anchoring method of cable bolt can be chosen separately.  

According to survey and Table 1 it is discovered that American Jennmar Corporation is 

the biggest cable bolting patent applicant and has a large portion of all applications in 

areas where it applies for patents at the moment. Generally speaking Australia and USA 

are the countries of origins of the main patent applicants and the countries where the 

most of the inventions come from: Every patent granted for example in Canada (CA) is 

also valid at least in AU or US. All inventions, patented or patent pending, of European 

Patent Office (EP) and South Africa (ZA) are also included in the inventions of AU or 

US as most of the patent applicants are Australian or American. American applicant 

Jennmar is the main applicant in China (CN). Great Britain (GB) had only one local 

application and all the others are at least applied if not granted in AU and US. 
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5.3 Further usage of cable bolt patent survey 

The fundamental focus of the work is in a cable bolt giving immediate support by the 

effect of anchoring and tensioning. Based on that, the interest for a more detailed study 

is in patents and applications which will more or less provide immediate support and, 

therefore, are to do with tensioning and anchoring devices or configurations. Post-

grouting is also essential, so some of the grout injection and grout mixing patents are 

discussed in more detail in later on. The patents in the field of manufacturing the cable 

bolt, inserting it in the hole, testing methods, and nuts and plugs unsuitable for use with 

tensioning devices are excluded from further study, because of their insignificance to 

this work. 

Australian and American patents and applications contain the inventions of many other 

countries and almost all significant patents, with characteristics described above, of this 

work. To complete further study of the cable bolt patent survey in addition to Australian 

and American. The World Intellectual Property organization is also taken under further 

consideration because its effecting zone includes patents, granted and pending, of the 

important mining countries. Additionally, the main applicant companies American 

Jennmar, Australian Garford and Dywidag-System International, and English Minova is 

kept in mind during the further study of cable bolts in Chapter 6. 
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6 COMMERCIAL AND/OR PATENTED CABLE BOLT 

COMPONENTS 

This chapter is for an overview of present level of cable bolting and patent situation. 

The main focus is in anchored, tensionable cable bolts which provide immediate 

support.  In this chapter, tensionable cable bolts are discussed but the parts needed to 

make tensionable cable bolt assembly are also discussed separately to survey all 

possible options for the assembly of an active cable bolt.  A commercial bolt search is 

done via internet from the sites of manufacturers and suppliers. Information from the 

earlier patent survey is utilized and further studied. In some patents, the name of the 

suppliers came up as applicants and that information is used for searching available 

commercial cable bolt applications. Also mine-specific support information and 

conversations are used to find commercial applications.  

As a result of internet search over ten cable bolt suppliers are discovered and their cable 

bolt product supply is overviewed. The most relevant and interesting commercial cable 

bolt applications found in supplier’s product data are summarized. In addition, 

inventions from the earlier patent survey are highlighted under following categories of 

this Chapter and connected with possible commercial applications. Very similar or 

found to be not so relevant applications have not been presented but in a few cases 

mentioned.  

6.1 Strand 

Cable bolt suppliers offer strands as such or in a functional combination with 

accessories described later on. Offerings cover standard strands as well strands adjusted 

for individual customer needs. Differences between the offerings of the suppliers are not 

that noticeable and they all offer almost the same cables. Next commercial as well as 

patented cable strand alternatives and their properties are surveyed. 
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6.1.1 Strand alternatives 

The most common cable bolt strands available in the markets studied are plain and 

bulbed steel strands. The configuration, for example the number, the spacing and the 

diameter of bulbs, of the strand can be varied in order to meet customer requirements. 

The strands are available in various lengths and diameters either in the continuous rolls 

of standard 15.2 mm in diameter plain or bulbed single strand or in a cut to length, pre-

cut, bundles of any diameter. In addition to single strand, multi-strand options are also 

available. On request, galvanized or epoxy coated strands can be supplied. (DSI 2012a; 

Fero Strata 2013; Garford 2013; Jennmar 2013; Minova 2011a; Osborn 2013) 

Plain strands and those which have at least one bulbous portion, were patented tens of 

years ago and are nowadays expired and free to use. Some bulbed cable bolt strands 

offered commercially might be slightly different and patented or patent pending. The 

differences are not that noticeable because they are mainly on manufacturing processes, 

so it can be said that suppliers offer the same plain and bulb cables. (US4051661, 

AU2010310869, AU640906)  

Other patented cable bolt structures make claims about protrusions, formed either by 

extending the portions of the strand or by extending components attached to the strand’s 

outer surface. Most of these are not found to be commercially available. Additionally, 

the ones that are commercially available are not offered widely or separately as they are 

patented. 

Garford has patented cable bolt strand US20070183850 where bulbous portions house 

the rigid elements inside the bulb which will prevent them from collapsing under the 

load. Even if strand is patented, Garford only offers this Compact Strand (Figure 15) in 

combination with the mechanical anchor. Jennmar is offering a non-patented “Bowen 

Cable” –solution which also includes non-collapsible bulbs and is offered with a 

permanently fixed breather tube.  
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Figure 15. Garford’s Compact Strand with specifications (Modified from: Garford 

2013; US20070183850). 

6.1.2 Strand properties 

All suppliers have some way to inform about the specifications for their strands by 

giving both physical and mechanical properties. Mechanical properties are stated to be 

the same for both plain and bulbed cables. The physical properties of supplied strands, 

performance units for strand properties and values vary depending on a supplier. 

(Aveng Manufacturing Duraset 2013;  DSI 2012a; Garford 2013; Hilti 2012; Jennmar 

2013; Minova 2011a) Some of the properties of plain and bulbed cable strands with 

available strand diameters are rounded-up in Table 2. In this following table, the range 

of variation in the tensile strengths and strand diameters of the overviewed suppliers is 

given in one unit.     

Table 2. Summary of strand diameter-properties responses given by overviewed 

suppliers (Duraset The Aveng Group 2013; DSI 2012a; Fero Strata 2013; Garford 2013; 

Garock 2013; Hilti 2012; Jennmar 2013; M and J Mining 2013; Minova 2011a; Osborn 

2013; RSC Ekusasa Mining 2013; Split Set Mining Systems 2008; Sumitomo 2013). 

 

Strand diameter [mm] 13 15 18 22

Number of strands 7 7 7 19

Cross sectional area [mm2] 99 143 196 313

Tensile force [kN] 180-184 250-270 339-373 490-590

Tensile load [t] 18-19 25-28 35-38 52-60

Supplied by: Aveng 

Manufacturing, 

DSI, Jennmar, 

Split Set Mining 

Systems, 

Sumitomo

Aveng Manufacturing, 

DSI, RSC Ekusasa 

Mining, Jennmar, Garford, 

Minova, Fero Strata, Rock 

Australia Mining, Garock, 

M and J Mining, Split Set 

Mining Systems, Sumitomo

Aveng 

Manufacturing, 

DSI, RSC Ekusasa 

Mining, Jennmar, 

Garock, M and J 

Mining, Split Set 

Mining Systems

Jennmar, 

Minova, Hilti, 

Garock
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Minimum elongation, 3.5% as well as typical elongation, 6-7% at strand failure are 

informed for supplied cables (DSI 2012a; Garock 2013; Jennmar 2013; Minova 2011a).  

Jennmar is giving exceptionally high even 30% elongation at strand failure to their 

Bulbed Superstrand (Jennmar Australia 2013). 

6.2 Anchoring 

Cable bolt can only give instant support after installation if it is anchored both from the 

bottom and on the rock surface. Suppliers are offering options for point-anchoring cable 

bolt to the end of the borehole with chemical or mechanical anchor as well as plates and 

barrels for the tensioning and anchoring the cable on the surface of the rock. Available 

commercial anchoring methods as well as inventions in patent databases considered 

significant are presented below. 

6.2.1 Chemical end-anchors 

Dywidag-System International, Jennmar and Minova are three of the most visible 

suppliers of chemical anchors or resin anchors. All of them have pending patent for 

two component resin anchoring system (AU2012201361, AU2011284494, 

WO2009097261). The supplied resin anchoring systems of all suppliers have the similar 

operational principle. Two component capsules or cartridges consist of a two-

compartment tube where resin is in one compartment and catalyst is separated in the 

other one. (DSI 2013b; Jennmar 2013; Jennmar Australia 2013; Minova 2011a) One 

alternative of the compartment design and some examples of DSI’s available resin 

cartridge products are illustrated in Figure 16. 

 

Figure 16. Compartment of resin cartridge and examples of the packing of the supplied 

resin cartridges by DSI (Modified from: DSI 2013a; DSI 2013b).  
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During the installation procedure, the rotation of the bolt ruptures the cartridge and 

mixes the two components causing a chemical reaction.  Reacting components 

transform into the solid resin anchor within gel time which depends on component types 

and mixing speed. (DSI 2013b) 

The resin cartridges of all suppliers are available in multiple configurations of length, 

double length, diameter, set time, set time combinations and viscosity. A selection of 

the characteristics of a cartridge is mainly based on needed anchorage strength, ground 

conditions and bolt dimensions. The range of resin cartridge products the most suitable 

for cable bolts according to their suppliers are gathered to the Table 3.  

Table 3. The resin cartridge products of three main suppliers (DSI 2013b; Jennmar 

2013; Jennmar Australia 2013; Minova 2011a). 

 

Roughly, three types of cartridges are available; 1) Single speed cartridge, where only 

resin and catalyst are compartmented. 2) Two speed cartridge with two resins of 

different setting times, faster setting time at the other end of cartridge for point-

anchoring and the slower setting time on the other end for post-grouting. This kind of 

cartridge eliminates the need to use multiple resin cartridges to achieve pre-tensioning 

of fully encapsulated resin grouted bolts. 3) Two separate cartridges attached together 

either with the same resin or with the resins of two different setting times. Single speed 

cartridge is by far the most commonly used type. Table 4 has boundary values for some 

specifications of available cartridges and cartridge combinations divided by the types.  

DSI product Product describtion

Fasloc Single Speed  One capsule of polyester resins for short or long tendon roof bolts where a fast cycle time is needed

Fasloc Two Speed Two separate resin gel times in the same package for tension bolts

Fasloc X2 Mono or duo speed configuration by two separate resin anchors clipped in the center

+ Loksets Offers also all Minova's Lokset products

Jennmar product Product describtion

5 Star Single speed Single speed resin capsule for anchoring all kinds of rock bolts

5 Star Dual speed Both fast setting and slower setting resin with water based catalyst in same capsule for fully grouted tension bolts

J-Lok Standard Dual 

Speed/TWIN-LOK
Dual speed resin capsule with oil based catalyst for full grouting of pre-tensioned bolts

5 Star Post Grout Cable 

Formula
Water based catalyst and resin capsule for anchoring of pre-tensioning and post-grouted cable bolts

J-Lok Tendon Formula Special low viscosity for anchoring flexible cable tendons in a small diameter hole

Minova product Product describtion

Lokset Resin Capsule The orginal fast single speed polyester resin capsule with organic peroxide catalyst for point anchor installation

Lokset TOOSPEEDIE Two separate speeds in a single capsule for full grouting with pre-tensioning

Lokset Long Tendon Special capsules for use with point anchored or fully grouted cable bolts

Lokset X2 Double length by joined capsules
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Table 4. Boundary values for resin cartridge specifications of single speed, two speeds 

and X2 cartridges (DSI 2013b; Jennmar 2013; Jennmar Australia 2013; Minova 2011a). 

 

6.2.2 Mechanical end-anchors 

Function of mechanical anchors is based on frictional resistance between the anchor and 

the rock wall of the borehole. Suppliers are offering mechanical anchors, also called 

expansion anchors, for cable bolts in a wide variety of styles but for all of these anchors 

expanding is the basic principal of an action. The most common expanding action of 

patented and commercial anchors is either rotation or pressure apply along the shaft. 

Method of implementation and activation of pressure vary by a supplier. Various 

suppliers offerings cover many different anchor types for several hole sizes, available 

anchors for cable bolts are found for specified hole sizes in the size range of 35 and 

51mm. Also corrosion protection by galvanizing or zinc passivation is offered. 

(Duraset The Aveng Group 2013; DSI 2012a; Garford 2013; Jennmar 2013; M and J 

Mining 2013; RSC Ekusasa Mining 2013). 

Jennmar has two types of expansion shell anchor products. One with thread and other 

with spring load. Threaded anchor type is used with their tensionable cables and in 

combination with resin anchoring so that point-anchoring is double secured. Jennmar 

have several patents, pending and granted for threaded anchor types of with only a 

minor modifications. The main principle for usage with cable bolts is that the anchor is 

attached to the cable over a threaded tube. When the rotated, the cable moves the wedge 

and extends the anchor to lock the cable to the borehole. Working principle and picture 

min. max. min. max. min. max.

20 45 300 1700 10 1800

min. max. min. max.

24 30 800 1700

min. max. min. max.

24 36 1000 3000

One or two resins

e.g. Fast/Slow or 100% Medium

Combination of gel times of 

single speed resin capsules

Combination of gel times of 

single speed resin capsules

Resin ration combinations

Resin ration combinations

One resin

e.g. 100% Extra Fast

Two resins

e.g. Fast/Slow or Fast/Medium

* Gel time is the sum of the spin (3-20s) and hold time (after spinning 

and before tensioning)

Diameter [mm] Length [mm] Gel time [s]*

X2 resin capsule

Gel time [s]*Diameter [mm] Length [mm]

Gel time [s]*

Single speed resin capsule

Two speed resin capsule

Diameter [mm] Length [mm] Resin ration combination
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of the Instal bolt anchor used in Jennmar’s products are presented in Figure 17 (Jennmar 

2013; AU2002025230; AU2008202802; US5762451) 

                                            

Figure 17.Expansion assembly for mine roof bolts of Jennmar and Instal bolt anchor 

system (US5078547, Jennmar 2013). 

The similar patents of other applicants and the offerings of other suppliers of expansion 

assembly, showed in Figure 17, exists but those are mainly supplied for rigid bolts and 

for wider hole size range, for example 33-99 mm in diameter (Duraset The Aveng 

Group 2013; AU784835; CA2467655). In some cases the working principle of an 

anchor can be the other way round, like demonstrated in Figure 18. 

 

Figure 18. The mine roof bolt anchoring system (US2006018721). 

Sandvik has patented US8251617 Rock anchor cable with an expansion mechanism 

engaged in the driving end of the cable. The anchoring mechanism is set by impacting it 

against a hard surface at the bottom of the hole causing the sleeve to expand. This 

configuration is presented in Figure 19. 
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Figure 19. Sandvik's expansion mechanism configuration of Rock anchor cable patent 

(US8251617). 

Garford has patented AU2006201823 the whole Three wedge spring anchor 

assembly. The Expansion shell is not separately patented and it is only commercially 

offered in Garford’s Expansion Shell Cable bolt for drill holes of 48 or 64 millimeters in 

diameter, presented later on. Patent drawings and one photograph of the spring anchor 

are presented in Figure 20. 

 

Figure 20. Drawings and commercial version of Garford’s patented spring anchor 

(Modified from: Garford 2013; AU2006201823). 
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The two drawings on the left of Figure 20 show installation and expanding of the 

anchor. During installation pushing the cable to the end of the hole the three piece shell 

rubs against the walls of the borehole. This causes the shell to press against the spring 

reducing the outer dimension. When, the cable reaches the right position at the end of 

the hole it is slightly pulled out causing the spring to push the shell against the wedge 

and extend outwards to press against the borehole wall. 

RSC Ekusasa Mining is also offering the same kind of three wedge spring anchor which 

is based on expired patent AU687929 of A Rock Anchor Assembly and provides 

immediate support upon tensioning in hole diameters 36-42mm and 48-61mm. Like it is 

illustrated in Figure 21, expansion and locking of the RCS Ekusasa Mining’s 

expansion shell against the walls of a borehole is done by pulling the release wire of 

expansion shell. Also in this end-anchor spring is fastened to the collar attached to the 

cable for retaining the spring load and keeping shell in an anchoring position. (RSC 

Ekusasa Mining 2013; AU687929) 

 

Figure 21. Expansion shell of RCS Ekusasa Mining (RSC Ekusasa Mining 2013). 

Duraset the Aveng group’s Surelock mechanical anchors also includes release wire. 

The Surelok anchor is spring loaded similar to the anchor presented above but unlike it, 

the Surelock anchor has the spring bottommost. 

Jennmar offers spring-loaded shell under brand name Cable-Lock Shell. Unlike other 

anchor models this one includes spring-loaded wedge and barrel type locking also for 

the cable itself. Thus pre-fabrication of the bolt is not necessary but can be done during 
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installation process. Design of the anchor is similar to Surelock but spring load is 

located on the bottom side of the hole. The working principle and technical data is 

shown in Figure 22. (Jennmar 2013) 

 

Figure 22. Spring loaded CABLE-LOK Shell of Jennmar (Jennmar 2013). 

6.2.3 Surface locks 

Suppliers offer plates in many shapes, thicknesses and diameters. They are provided 

either with one or two holes or slot holes of variety of hole diameters.  Flat, domed, 

volcano and combination plates are commonly offered with cable bolts. Figure 23 

discloses these most commonly offered plate types. 

 

Figure 23. The most commonly offered surface plate types used with cable bolts 

(Modified from: Fero Strata 2013; Jennmar Australia 2013; Split Set Mining Systems 

2008). 
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All plates presented in Figure 23 are available as galvanized for corrosion protection. 

For post-groutable plated cable bolts there are a full range of plate designs available. 

According to customer’s needs, single or multiple holes are provided on plates to allow 

the egress or access of a breather or grout tube. Also fully rounded plates or plates with 

rounded corners are provided on request. 

Flat plates are generally used for cable bolts but domed plate is recommended when 

increased load bearing capacity is required. Jennmar has patented a dome plate 

US2009003940 and the Volcano plate is Jennmar’s own patented AU694065 plate 

which also increases the load bearing capacity but more importantly, it increases the 

total tension effect by reforming. The range of properties of the most common plates 

tabulated in Table 5 is fairly large and suppliers will also supply modified plates as per 

customer request.  

Table 5. Range of properties of the supplier’s common plates used with cable bolts (DSI 

2013a; Fero Strata 2013; Garock 2013 Jennmar Australia 2013; Minova 2011a; Osborn 

2013; Split Set Mining Systems 2008). 

  

  

min. max. min. max. min. max.

100 300 3 12 20 36

min. max. min. max. min. max.

120 300 3 12 26 37

min. max. min. max. min. max.

100 200 4 10 36 36

min. max. min. max. min. max.

Base plate 200 300 1.6 10 36 50

Top plate 125 150 4 10 36 50

Jennmar, Minova, Fero Strata, DSI, 

Garford, Rock Australia, Split set mining 

system

Jennmar 

Jennmar, Minova, Rock Australia, Split 

set mining system

Combi plate

Square dimension [mm] Thickness [mm] Hole diameter [mm] Suppliers

Volcano plate

Square dimension [mm] Thickness [mm] Hole diameter [mm] Suppliers

Thickness [mm] Hole diameter [mm] Suppliers

Flat plate

Square dimension [mm] Thickness [mm] Hole diameter [mm] Suppliers

Jennmar, Minova, Fero Strata, DSI, 

Garford, Rock Australia, Split set mining 

system

Dome plate

Square dimension [mm]



47 

 

Apart from the plates given in Figure 23 other types are also available but they are not 

widely used or they are not offered for use with cable bolts. For example DSI offers Flat 

plate on thickness range of 3-38 mm. In addition, suppliers are offering different kinds 

of washers used combination with specified sizes of common plates for increasing 

stiffness and supporting area. Some of these other plate types offered by Jennmar and 

DSI are collected in Figure 24.  

 

Figure 24. Less common types of plates maybe used with cable bolts (DSI 2013a; 

Jennmar Australia 2013) 

The basic offered wedge and barrel types are Domed and Flat Barrels and Wedges 

which are provided for a range of available cable diameters. Naturally, domed ones are 

used with dome and volcano plates while flat ones used on flat plates. Barrels are either 

supplied with two-part or three-part wedges which make contact with the strand and 

are hold together prior to installation either by rubber O-ring or steel circlip. (DSI 

2013b; Fero Strata 2013; Garock 2013; Jennmar Australia 2013; Minova 2011a; 

Sumimoto 2013). 

Jennmar uses either oil film coating for corrosion protection or anti-corrosion phosphate 

coating for longer term installations. At least, Garock and DSI provide galvanizing or 

zinc plating corrosion protection but only for a barrel. Minimum pre-tensioning of 8 

JENNMAR

DSI

Butterfly plate is used with 

plat or domed plate for 

increasing surface coverage 

of the bolt and can be used 

with mesh.

Push-on-Plate for installing 

mesh over top of pre-

installed threaded bolts.

Cable truss plate for allowing 

35º angled installation of 

cables. 

Patented, AU2003204609, 

Pizza pan plates used in 

combination with a flat plate 

either to hold mesh or for rib 

confinement.

Mesh plate for pinning mesh 

against the rock face over top 

of already installed threaded 

bolt.

Installed TG Truss 
Plate
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tons ensures the wedge strand combination will achieve the strands’ maximum load 

capacity. Barrels and Wedges in combination with plates are either used for pre-

tensioning a cable, mainly with help of a tensioning jack, or to secure additional mesh. 

(DSI 2013b; Garock 2013; Jennmar Australia 2013).    

Duraset The Aveng Group has a patented one, AU721934, barrel and wedge unit 

called Surelock Swivel Barrel, presented in Figure 25. The advantage of this unit is 

that when the required pre-tensioning is achieved the shear ring shears on the barrel into 

a positive visual indicator with an audible knock. 

 

Figure 25. Duraset’s Surelock Swivel barrel with pre-stressing indicator (Duraset The 

Aveng Group 2013). 

The barrel in Figure 25 is available for strands 15.2mm and 18mm in diameter. M and 

J Mining has also patented, ZA200905253, AMS Barrel Assembly visual and audible 

pre-load indication system. This is in additionally available for strand diameter 12.7 and 

specified pre-load for those are between 7 and 18 tons. (M and J Mining 2013) 

Hilti’s patent pending A Tensioning Device, AU2011250727, is commercially available 

in their torque tension head Cable Bolt Systems. Figure 26 illustrates the whole tendon 

solution which comprises a barrel with a threaded section attached to the cable by the 

three-part wedge. (Hilti 2012; AU2011259727) 
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Figure 26. Hilti's Ultra X and Ultra XG -intelligent tendon solution (Hilti 2012). 

DSI has patented Wedge barrel for a twin cable roof bolt, US706688. This invention 

includes a barrel having two bores and a pair of wedges placed in each bore. Drawings 

of this barrel and wedge for twin cable applications are in Figure 27. 

 

Figure 27. DSI's patented Barrel and wedge for a twin cable bolt applications 

(US706688). 

Several other barrel and wedge patents were applied for in the 21st century. In most of 

these, the applicant is either DSI or Jennmar who are offering some of these inventions 

in their commercial cable bolt applications. (US5511909; US20040135422; 

US7802943; US20090003940)  
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6.3 Grouting 

Grouting components are either supplied separately or inserted in pre-cut and ready-

made cable bolt assemblies. With an interest to improve grout injection and mixing, also 

the strand structure of a cable is modified, including the bulbed cables mentioned 

earlier. Pre-fabricated assemblies make the grouting process easier. This section covers 

separate components, patents and commercial products for grouting. 

6.3.1 Separately supplied grouting consumables 

Suppliers offer alternative grouting consumables for cable bolt applications. Widely 

available breather tubes, 5-15mm in diameter and grout tubes, 16-25mm, are either 

supplied on the rolls of hundreds of meters or pre-cut lengths. Tubes are made of high-

density polyethylene and depending on grouting method they can be attached to a cable 

for example using metal ties. Cotton waste is the most common commercial hole seal 

especially for breather tube methods but others are readily available, like expanding 

foam and solid plugs. Available plates with holes separately integrated into plated and 

post-groutable cable bolts were described earlier. (DSI 2013a; Fero Strata 2013; Garford 

2013; Jennmar 2013; Minova 2011a; Osborn 2013) 

6.3.2 Preassembled grout and/or breather tubes  

Cable bolts can be ordered so that grout and breather tube are attached as a pre-

assembly. Jennmar has patented a resin anchorable Cable bolt (AU2006200094) in post 

grouting applications where a breather or grout tube may be attached to the cable. 

Jennmar has the widest commercial offering of cable grouting assemblies. Their Cable 

with grout tube comprises Graford’s patented bulbed Twin-strand 15.2mm 

(AU640906) and grout or breather tube –by choice. Recommendation is the grout-tube 

method with the use of cement grout. A grout or breather tube is fully assembled 

(Figure 28) when a cable with a grout tube is also available in continuously bulbed reels 

for mechanized cable bolting rigs. (Jennmar Australia 2013; AU2006200094; 

AU640906) 
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Figure 28. Jennmar's 15.2mm Cable with grout tube (Jennmar Australia 2013). 

Other option offered by Jennmar is the commercialized but not patented Bowen cable, 

presented in Figure 29, which includes a permanent breather tube attached with metal 

ties. Bulbs are non-collapsible and a resin retention washer can be placed on the cable 

for optimizing anchoring. (Jennmar Australia 2013) 

   

Figure 29. Jennmar Bowen Cable with specifications (Modified from: Jennmar 

Australia 2013). 

Patents and pending patents for grout injection and retention plugs are not compatible 

with tensioning devices but there are some commercially available, not separately 

patented plugs which can be combined with barrels. (US7568862; AU2010268747; 

WO2011057349) For example Duraset The Aveng Group offers Surelock comprising 

the barrel, the dome plate and the grout and breather tube. The solution provides 

grouting either before or after tensioning but normal practice is post-grouting. Surelock 
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is supplied in pre-cut lengths and the grout and breather tube is matched to the length. 

The whole Surelock bolt is presented in Figure 30. (Duraset The Aveng Group 2013) 

 

Figure 30. Aveng Manufacturing Duraset’s Surelock (Duraset The Aveng Group 2013). 

6.3.3 Strand structure with passageway for grout and/or air 

Figure 31 illustrates TG Bolt offered by Jennmar and patented by Sumitomo 

US7886490. A flexible and hollow steel tube is located in the center of the wound cable 

wires for providing grout injection and for reducing costly tube attachment materials. In 

addition because of the flexibility of hollow core, the cable can be bent without 

rupturing the steel core. (US7886490) 

 

Figure 31. Jennmar's TG Bolt (Modified from: Jennmar Australia 2013; US7886490). 
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The TG bolt (Figure 31) is resin anchored and the top section of the bolt is bird caged 

for better resin anchoring. This type of cable bolt is supplied in pre-cut lengths and with 

a barrel and a wedge so they will provide immediate passive support. 

The TG bolt is the only commercial bolt with this kind of grouting solution discovered 

during the research for this thesis but there are some patents pending or granted which 

include some form of cable with a hollow central passage for grout injection. Figure 32 

includes patents and applications which have a central grout passage. Three of the 

patents from the left are applied in 1990’s but drawing on the right is from Dywidag 

System International’s application from the year 2008. (Jennmar Australia 2013; 

AU2009201044; EP379388; GB2262147; US5791824) 

 

Figure 32. Patent drawings of four different cable bolts with central tube for grout 

injection (Modified from: AU2009201044; EP379388; GB2262147; US5791824). 
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Sandvik patent US8251617, states about strand where core wire is removed and 

replaced by a hollow tube. Wires are helically wounded around this hollow flexible tube 

and retained in position by at least one sleeve or clamp. The hollow core is meant to be 

used either for grout injection, post-grouting, or to path for airflow, pre-grouting. 

(US8251617) 

Hilti has applied for a patent for the cable structure of post-groutable cables, Strand 

Anchor AU2012204050. Hilti is commercially offering this self-breathing strand 

(Figure 33) in their cable bolt systems. The patent claims about at least one longitudinal 

channel between the wires of the strand so that air can travel outside thought the 

channels so separate breathing or grout tubes are not needed. Additionally, they also 

have this intelligent tendon solution, presented earlier (Figure 26), where the barrel has 

grout hole and a grout passage through the grout seal to the borehole.  (Hilti 2012) 

 

Figure 33. Self-breathing grouting solution (Hilti 2012). 

6.3.4 Other grouting systems 

Universal Grouting System (UGS) is a grout injection device from Duraset The 

Aveng Group for both rock and cable bolts. This patent pending innovation is 

promoted to be effective grouting solution for any mechanically anchored bolt by 

eliminating the need for the breather or grout tubes. Figure 34 illustrates the drawing of 

the one way of using UGS with a cable bolt and next to it is the example of the 

commercial application for rock bolt. (Duraset The Aveng Group 2013, 

WO2010115218) 
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Figure 34. Universal Grouting System of Duraset The Aveng Group (Modified from: 

Duraset The Aveng Group 2013, WO2010115218). 

The system presented in Figure 34, is located under the bearing plate and grouting can 

be done immediately after possible tensioning or at a later stage. In addition to a grout 

inlet, the system for cables includes also air outlet and breather tube unlike the system 

for rock bolts.  For cable bolts, the innovation enables full column cement grouting to 

be done either from the top or the bottom of the hole. (Duraset The Aveng Group 2013, 

WO2010115218) 

Patented Rock Bolting System, AU2003232521, comprises of a polytube and a barrel 

for cable strand. This system should provide good grouting with a permanent grouting 

passage and without separate tensioning devices. It is claimed to use with end-anchored 

post-grouted applications. The applicant of The Rock Bolting System is Industrial Roll 

Formers Pty Limited and system is not commercially available but Figure 35 shows 

patent drawings of invention.  
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Figure 35. Rock Bolting System (AU2003232521). 

Resin anchored and post-grouted Do Bolt, Sheathed Cable, of Jennmar provides 

double corrosion protection (Jennmar 2013). Patent is pending (US20110217126) for 

the features of this bolt and the invention in patent application aims to be used in 

tensionable cable bolt applications. Jennmar’s commercial bolt is presented in Figure 

36. 

 

Figure 36. Do Bolt -Sheathed Cable bolt (Jennmar 2013). 

It can be noted from Figure 36 that the bird cages are at the top of the cable to improve 

resin anchoring, otherwise the corrugated sheath allows grout to anchor into ridges and 

a resin retain rig prevents grout from mixing with resin. The sheath may have plurality 

of opening such that the grout can flow between the sheath and the borehole. The sheath 

is equipped with a plastic split collar to allow the rotation of a cable during installation. 

Grout and breather tubes are also supplied attached to the bolt. (Jennmar 2013, 

US20110217126) 

DSI is offering the Double Corrosion Protected Flexi-bolt (DCP-Ten) which is also 

resin anchored, post-grouted and sheathed. The HDPE sheath is said to improve load 
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transfer and provide a secure grout path. The Double Corrosion Protected Flexi-bolt 

which is similar to Jennmar’s DO-bolt is presented in Figure 37 

 

Figure 37. Double Corrosion Protected Flexi-bolt of DSI (DSI 2013b). 

A Patent was granted to Dywidag-Systems International’s invention of an apparatus 

for post-grouting a cable bolt, AU2011274289, in year the 2013. This invention also 

includes unique mixing solution patented before by DSI, AU2002300343. DSI supplies 

this patented invention under the brand name Post-Groutable Hi-Ten Flexi Strand 

Cable Bolt. The Post-Groutable Hi-Ten Flexi Strand Cable Bolt, shown in Figure 38, 

uses this patented combination of a spiral resin mixer and a bulb which needs to rotate 

through a resin anchor while installing bolt in the back of the hole. Patent drawings of 

Figure 38 also show DSI’s patented load bearing grout delivery fitting which is placed 

under the barrel. (DSI 2013b; AU2011274289; AU2002300343) 

 

Figure 38. Patented and commercial Post-Groutable Hi-Ten Flexi Strand Cable Bolt of 

Dywidag-System International (Modified from: DSI 2013b; AU2011274289). 

In Figure 38, strand has a square metal nut welded at the right end of the strand to 

enable mechanical rotation and resin anchor mixing. This cable bolt attachment is also 

patented and can be attached to any cable bolt to provide the rotation of the bolt with a 

drive tool (AU722243). Some other cable bolt heads are available to ensure bolt rotation 

and resin mixing and in some cases patents have been applied for but mainly as a part of 

a tensioning assembly patent (US2009191007; AU705526; EP2395198)    
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6.4 Tensionable cable bolt assemblies 

6.4.1 Resin anchored tensionable cable bolts 

Patented Tensionable cable bolt, US6074134, is presented on the left side of Figure 39. 

On the right side of Figure 39 a commercially available Tensionable Cable Bolt (CB) 

and its specifications are shown. This cable bolt application is manufactured and offered 

as patented by Jennmar.  

 

Figure 39. Tensionable Cable Bolt, Jennmar (Modified from: US6074134, Jennmar 

2013). 

Cable bolt, end anchored by a resin cartridge, comprises the birdcages for resin mixing, 

the intermediate mechanical anchor for engagement, the pre-set housing and wedge, the 

square drive nut and the tubes more specifically illustrated in Figure 39. The bolt is 

drivable by installation equipment and the bolt rotation engages a shell with borehole 

thereby tensioning the bolt and mixing resin. Bolt can be tensioned and installed by 

conventional mining machines and it can be used for primary support. (US6074134, 

Jennmar 2013) 
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Jennmar also offers Tensionable Cable Bolt (CC) which function and specifications 

are the same as in Tensionable Cable Bolt (CB) presented above. The difference is the 

placement of a mechanical anchor, expansion shell. With the CC, an expansion shell is 

threaded straight to the stiffener tube which is set on the cable at the housing end and 

not separately between the stiffener tube and birdcages as it is with CB (check Figure 

39).  

Tensionable Cable Bolt (TCB) System is Minova’s patented system in the USA, 

US7625155B1. System is developed to be used both for primary and secondary support. 

The supplier offers a system in long one-piece bolts for any seam height. (Minova 

2011b) Pictures of the cable bolt and its specifications are introduced on the top of 

Figure 40 while the patent drawings are on the bottom.  

 

Figure 40. Tensionable Cable Bolt (TCB) System (Modified from: Minova 2011b; 

US7625155B1). 

In addition to a cable, the system includes  a tension cylinder comprising interior 

channel and threaded exterior surface, a treaded tension nut on the threaded cylinder to 

be rotated on the cylinder and matching bearing plate. A resin anchorage is used and the 
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cable bolt can be installed right after mining. This system makes it possible to tension 

the bolt within the normal bolting cycle. (Minova 2011b; US7625155B1) 

Hilti is offering patent pending, AU2011250727, tensionable cable bolt system HTT-

UX or HTT-UXG. System is resin anchored 21.8mm self-breathing cable ungrouted or 

with optionally available Post-grouting system. It gives immediate support after 

installation and can be used either for a primary or secondary support. (Hilti 2012) 

Installation of resin anchors, tensioned and post-grouted HTT-UXG is illustrated in  

Figure 41. More specific presentation of the barrel and wedge tensioning device was 

presented earlier in Figure 26. 

 

Figure 41. Hilti's HTT-UXG cable bolt system installation (Hilti 2012). 

Figure 41 shows how the cable system can be rotated and tensioned by rotating a nut 

next to a barrel and wedge. Installation and pre-tensioning of 6-25 tons is provided with 

a continuous miner or hand held rigs. The achieved ultimate load of the strand is 

promised to be 573kN and tension head breaking load is over 54 tons. (Hilti 2012; 

AU2011250727) 

There are also many other patent applications for tensionable cable bolts where each of 

the bolts described are resin anchored and they are tensioned by the rotation of a nut on 
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an externally threaded sleeve attached to the end of the cable. (US5378087; 

US5525013; US20090191007; US20070009330) For example in US20070009330 

patent application threaded head mechanism is attached to the strand and allows cable to 

be rotated in a first direction for mixing resin and an opposite direction for tensioning 

the cable.   

6.4.2 Mechanically anchored tensionable cable bolts 

Garford Expansion Shell Cable Bolt supplied for reinforcement needs by main 

supplier Garfod and other authorized distributors of Garford products (Minova 2011a, 

Fero Strata 2013, Garford 2013, Garock 2013). Garford has started a patenting process 

for this invention in the year 2006 and patent AU2006201823B2 was granted 2012. 

Figure 42 shows a drawing of patented parts of the invention, and on the right it shows a 

commercial version of Expansion Shell Cable bolt with technical specifications. 

 

Figure 42. Garford Expansion Shell Cable Bolt (Modified from: Garford 2013; 

AU2006201823B2). 

Mechanical end anchoring enables immediate tensioning and later state grouting of 

cable bolt. This application is designed to give immediate support. It is available in any 

required lengths both with plain or bulbed cable and for 48mm or 64mm holes. In a 

bulbed cable ball-bearings are inserted into bulbs to allow fully tensioning without the 

bulbs collapsing. (Garford 2013) 
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Duraset The Aveng Group makes the SURELOCK Mechanical Anchor (Figure 43) 

to give immediate support. It can be pre or post-grouted but normally post-grouted after 

tensioning. This mechanically anchored cable bolt can be manufactured to the required 

specifications of a customer but some standards are presented in Figure 43. (Duraset 

The Aveng Group 2013). 

  

Figure 43. Duraset's SURELOCK Mechanical Anchor and technical information 

(Duraset The Aveng Group 2013). 

The SURELOCK Mechanical anchor is recommended for use with competent rock and 

it is activated by pulling the release wire when the anchor is located at the end of the 

hole. Tensioning to the required load is done with hydraulic equipment.  

Duraset is also offering different types of tensionable Thread Locks (Figure 44) based 

on giving immediate support.  These 7-wire strands with an integral threaded end do not 

need hydraulic tensioners and can be installed with conventional roof bolting 

equipment. These are available either bulbed, plain, mechanically anchored as well as 

resin anchored. They are based on patent AU668515.  (Duraset The Aveng Group 

2013). 



63 

 

 

Figure 44. Duraset's Thread Lock (Duraset The Aveng Group 2013). 

Jennmar’s CABLE-LOK Shell application includes mechanical spring-loaded shell 

for end anchoring, barrel and wedge assembly for tensioning and a grout and breather 

tube with compatible plate for pre- or post-grouting. The mechanical end anchor 

provides immediate tensioning and active support throughout cable’s length. The 

CABLE-LOK Shell supplier, Jennmar, promises that it will improve installation as well 

as cycle time. (Jennmar 2012) Figure 45 shows a Cable-Lok Shell and its technical data. 

   

Figure 45. CABLE-LOK Shell and technical data (Jennmar 2012). 
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6.5 Current level of reinforcement mechanization 

Harpila (2013) states in his Master’s thesis that bolting rigs used in Scandinavia are 

manufactured by Atlas Copco or Sandvik. This information is used for the brief survey 

of current level of bolting mechanization. In addition, an internet search was done to 

find specifications and some other manufacturers of mechanized bolting rigs. Findings 

and some specifications of bolting rigs currently offered by manufacturers are briefly 

summarized below. 

Table 6. Manufacturers of rock and cable bolting rigs and specification coverage of their 

offerings. (Atlas Copco 2013; Catepillar 2013; Fletcher Mining Equipment 2012; 

Herbst Smag Mining Technologies 2013; KGHM Zanam 2010; MacLean Engineering 

2013; Mine Master 2013; PM&P 2013; Resemin 2013 Sandvik Mining and 

Construction 2013). 

 

. 

Manufacturer Models
Working 

height [m]

Borehole 

diameter [mm]
 About bolts and cables

Boltec (235, EC, LC, LC-DH, LD, 

MC, MD, S & SL)
1.8-13 33-64

10 pcs cassette for 1.5-6m long 

commonly used bolts

Cabletec (LC & UV2) 3.4-8.5 48-89 15.2 mm plain or bulb cable up to 40 m

DS (311, 411, 510, 210L, 210L-M, 

210L-MD & 210L-V)
1.6-12.4 33-51

5-16 pcs cassette for 1.1-6m long bolts 

of various types

DS (421 & 520-TC) 3.2-8.8 51-57
15.2 mm plain or bulb cable up to 38m 

from 775m reel

SWK-1HS, SWKN-1/1A & SWKN-

1/1C
3-6.6 28-38 1.6-2.2m long bolts

SWWK-2L 28-64 5.5-7.5m long cable bolts

Mine Master
Roof Master (1.4, 1.4 

Automatic, 1.7 & 2.0. AR-DE)
1.4-7.5 25-38 1.2-2.6 m long mechanic or resin bolts

MacLean 

Engineering

Series-900 Scissor Bolter  & 

Small Section Bolter
3.35-6.5 -

Rebar, mechanical anchor, friction 

bolt, cable bolts + wire

Resemin Bolter-77 & Small Bolter 3-5.5 -
1.5-25m long Mechanical bolts and 

mesh or cable from 100m reel

PM&P Xcel max. 6 -  max 2.4 m long mechanical bolts

Catepillar RB120, RB220, RB230 0.8-3.6 - -

J.H. Fletcher
Roof bolters for Metal/Non-

Metal
2.5-10 - -

Atlas Copco

Sandvik

KGHM Zanam
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Table 6 shows the list of manufacturers that are found to provide either rock bolting 

rigs, cable bolting rigs or both. Not all of them offer all of the specified information but 

the information that was found to be available is presented above. According to this 

survey it can be said that Sandvik and Atlas Copco are the most visible manufacturers 

of bolting rigs and their bolters have the highest level of mechanization. 
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7 LEGISLATION FOR REINFORCEMENT 

In some countries there are separate laws and regulations for both hard rock and coal 

mines. This Chapter concentrates to hard rock mines and laws according to ground 

support and control in those. Important mining countries where legislation is available 

in English or in Finnish are surveyed thoroughly and some other important mining 

countries are summarized according to conversations with regional contacts. Mining 

legislation and regulations as well as occupational health and safety legislation of these 

selected countries is studied to track down regulations relating to ground support. 

Additionally examples of mine-specific support practices are presented. 

7.1 Australia 

Australia is divided into six states: New South Wales (NSW), Queensland (Qld), South 

Australia (SA), Tasmania (Tas.), Victoria (Vic.) and Western Australia (WA). Also two 

mainland territories, The Australian Capital Territory (ACT) and The Northern 

Territory (NT), are treated like states.  Each of the states has its own Constitution, or 

written legislation where ground support is defined. If the laws of a state conflict with 

the laws of the Australian Government the Commonwealth law is to be followed. 

(Australian Government 2013)  

NSW, Qld and WA have fully separate mining work health and safety acts and 

regulations while others with small mining industries have included mining work 

regulations under general work health and safety regulations (ACT Government; New 

South Wales 2007; Northern Territory of Australia 2012; South Australia 2012; State of 

Queensland 2001; Tasmania 2012; Victoria 2007; Western Australia 1995). 

There are lots of similarities between legislation of all states of Australia. Regulations 

under general work health and safety do not regulate design or implementation of 

reinforcement in itself but they do require the operator of the mine to ensure safety of 

workplace in which includes underground excavations. The regulations of states that 

have separate mining work and safety law are more specific. They regulate that support 

is to be selected according to the current ground conditions and expected ground 
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behavior. (ACT Government; New South Wales 2007; Northern Territory of Australia 

2012; South Australia 2012; State of Queensland 2001; Tasmania 2012; Victoria 2007; 

Western Australia 1995).  

In some states additional guidance material provides more detailed information on the 

requirements of the legislation. In Western Australia for example, the mining 

regulations and guidelines include a code of practice and geotechnical guideline which 

require the mine operator to ensure that correct support method is used for the ground. 

Specific requirement are also given for some form of surface support, usually mesh, 

which must be installed in all personnel entry excavations. (Brady & Brown 2004, 345; 

Department of Industry and Resources 1997; Mines Occupational Safety and Health 

Advisory Board 1999) 

7.2 Canada 

Requirements for ground support in Canadian mines are enacted in the Underground 

Mining Regulations of 2011 which is made under Occupational Health and Safety Act 

1996. These regulations were also amended in 2013 but this amendment is not yet 

available. Still the regulations for reinforcement is given in two sections in the 

Underground Mining Regulations 2011, Ground control procedure 53 and Securing 

ground 106. 

Regulations oblige an employer to ensure ground control procedure which must include 

details of ground support. The method of permanent and temporary ground support have 

to be introduced, including the type, sequence and spacing of ground support materials 

or devices. Also testing of ground support has to be possible and included in ground 

control procedure. In addition in the section “Securing ground” it is said that all bolts to 

be used in a mine have to qualify for the CSA standards for Roof and Rock Bolts, and 

Accessories or comply with generally accepted engineering principles.   
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7.3 Chile 

Ministry of mines is published English article in Diario official 2004 which summarize 

Mining Safety Regulations in Chile. Mining Safety Regulations decree num. 132 was 

issued in Santiago in 2002 (Ministry of mines 2004). Reinforcement relative articles of 

this publication are cross-checked against the original articles by Sandvik’s Latin 

America Regional Product Line Manager Ernesto Romero 2013 to assure that important 

aspects are not left out in the English summary. 

Several of the articles in Mining Safety Regulations refer to reinforcement. Even if 

requirements for reinforcement are often mentioned and defined, responsibility is 

passed to the operating company of the mine. It is said that a mining company has to 

have its own specific regulations for reinforcement. Regulations also provide that the 

technical nature of excavations must be analyzed and support implemented 

systematically, with appropriate intervals and with the techniques best suited for the 

nature. In the regulations, article 166 sets some specific requirements for bolting like 

certified quality of bolt materials, calculated bolt lengths and spacing based on technical 

criteria, bearing plate diameter at least 20 cm and for bolts with resin cartridges the 

entire length of the bolt must be attached to the perforation. (Ministry of mines 2004) 

7.4 Finland 

Finnish Mining law and supplementary regulations about safety in mines 

Valtioneuvoston asetus kaivosturvallisuudesta 29.12.2011/1571 covers reinforcement in 

underground mines at a general level.  The safety regulations for mines state: if needed, 

openings, drifts and tunnels have to be reinforced in a reliable way. On the other hand it 

takes a stand on the location and shape of openings, drifts and tunnels so that rock 

stress, structure and quality are taken into consideration. The regulations also include a 

section about the executable supervision carried out by mining authorities which 

includes inspection of the technical execution of the mine. (Oikeusministeriö 2011) 
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7.5 Russia 

Sandvik’s Russian Regional Product Line Manager, Oleg Vyazovykh states that in 

Russia, local Mining Law does not give any specific requirements for ground support. 

Mining law does not set any restraints despite where in Russia the mine is located. 

Mines have their own departments responsible of ground control and its requirements; 

the need for ground support, engineering design and type of support. Safety is the 

determining factor. (Vyazovykh 2013)  

7.6 South Africa 

Mining safety regulations in South Africa is covered by No. 29 Mine Health and Safety 

Act 1996. According to this Act owners responsibility is to identify potential hazards 

and ensure that mine is designed, constructed and equipped in such a way as to provide 

conditions for safe operation and a healthy working environment. Ground support is not 

separately mentioned but is covered by this statement and requirements for it are more 

specified by a code of practice. 

Accordance Mine Health and Safety Act 1996 section 9 about codes of practice obliges 

as follows “A manager must prepare and implement a code of practice on any matter 

affecting the health or safety of employees and other persons who may be directly 

affected by activities at the mine if the Chief Inspector requires it.” Mine Health and 

Safety Inspectorate has issued the guideline for the compilation of mandatory code of 

practice to prevent rock fall and rock burst accidents in tabular metalliferous mines 

(Chief Inspector of Mines 2002). 

Significant health and safety aspects associated with rock fall and rock burst hazards are 

covered in The Guideline. A Mandatory Code of Practice done by the employer must 

include general information, risk management, terms and definitions and aspects set out 

in the guideline or in risk management. For example some addressed aspects are 

strategies for Overall Mine Stability and Stability of Tunnel and Service Excavations as 

well as Support Design Methodology. Amongst other things these aspects will include 
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the description of the strategy adopted to handle reinforcement and documentation of 

used support design methodologies. (Chief Inspector of Mines 2002). 

7.7 Sweden 

The Swedish Work Environment Act has come into force already in the year 1978, but 

after that it has been amended several times, and most recently in 2011. The Act is 

universal for all fields of business by generally regulating of healthy and safe working 

surroundings. Employer has to provide good working conditions and prevent employees 

from being exposed to health hazards or accident risks. According to the Act, the Work 

Environment Authority is empowered to regulate clearer and more accessible 

Provisions allocated to improve the work environment in specific fields. (Swedish Work 

Environment Authority 2011) One of the Provisions made by Swedish Work 

Environment Authority is for rock and mining work. It includes general 

recommendations on implementation of the provisions and is regulated imitating EU 

directives. (Swedish Work Environment Authority 2010) 

In the rock and mining work Provision is a part for Rock inspection, scaling and rock 

reinforcement. Section 47 states that rock reinforcement has to be installed after blasting 

for the prevention of rock falls and cave ins. Reinforcement, for example, bolting are 

regulated to be included as a natural part of the mine’s work cycle and if necessary, 

should be installed after each blast. (Swedish Work Environment Authority 2010) Refer 

to Act, Provision and practical experience it is said that in Sweden used reinforcement 

can be selected without hard restrictions, but the mine must be able to demonstrate the 

design and effectiveness of the rock reinforcement, for example, the load carrying 

capacity to the Authorities. (Töyrä 2013) 
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7.8 United States 

Legal Safety and Health issues in US mines belongs under the Federal Mine Safety and 

Health Act of 1977 (Mine Act) and the Mine Improvement and New Emergency 

Response Act of 2006 (MINER Act). The Code of Federal Regulations (CFR) under 

Mine Act is issued by Mine Safety and Health Administration (MSHA). Title 30 CFR is 

about Mineral resources and among other things it regulates metal and nonmetal mines 

safety and health.  

30 CFR §57.3203 gives requirements and instructions for quality and installation of 

rock fixtures as rock bolts which are either addressed in ASTM F432-10 standard or 

not. The ASTM standard specification for Roof and Rock Bolts and accessories covers 

material, testing and identifying requirements of cable bolts but not really dimension, 

structures and action. However, when the bolts being used are not addressed in the 

standards, regulation of the rock fixture itself gives some requirements; the fixture has 

to be tested and shown to be effective in supporting ground in an area of similar 

conditions with mine where it is going to be used. 

7.9 Mine-specific practices 

7.9.1 Cannington Mine, Australia 

In Queensland Australia Cannington Mine is producing silver, lead and zinc by 

underground methods. The operating company, BHP Billiton, uses Q-Index to classify 

the quality of rock and it is the base of the support design. Point-anchored, grouted 

hollow bolts are used systematically for development support. A wire mesh is installed 

with friction bolts in blocky zones. (Hustrulid & Bullock 2001, 245, 249) In addition, 

cable bolt reinforcement is used for both development and stope support to stabilize 

large blocks or wedges (BHP Billiton 2013). 
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BHP Billiton has made a document guidelining the design of ground reinforcement 

titled “Expression of Interest – Ground Support”. This document lists considerations 

which have to take into account when choosing the correct ground support material but 

also gives recommended designs. Dominate considerations for determining the 

materials are:  

 High density rock mass;  

 Wet areas at Cannington are highly corrosive which generate the need for 

improvements in bolts corrosive resistance; 

 Bolts require a one pass installation; 

 Bolts need to be resistant to dominant failure mechanisms – static failure via 

wedge failures or joint slip; 

 Bolts have to be full column resin encapsulated. 

(BHP Billiton 2013). 

Currently in Cannington they use the “minicage” cable strand and install it as twin 

strand to increase the capacity and stiffness. Bolts are installed by a mechanized Cable 

bolter but also hand installation is sometimes used. Mostly cable bolts are cement 

grouted and with external fixtures they can be tensioned if required to provide a 

compressive force against the rock mass. For cement grouted cable bolts minimum 

grout curing times, which may increase due to geotechnical risks, are determined; 1 

hour from falling out prior to working underneath, twelve hours before blasting of 

development headings, 3 days before stope mass blasts and a minimum 6 hours before 

plating. (BHP Billiton 2013) 

7.9.2 Impala Platinum Mine, South Africa 

Impala Platinum mine in town of Rustenburg in South Africa is the world’s second 

largest producer of Platinum Group metals. Underground mining depths range from 30 

m to more than 1250 m below surface. Several underground mining methods are used 

but they are all based on leaving pillars for support the workings. (Ledwaba L S 2012 1-

20; STD COM 2012) More precisely it is about narrow reef mining operations, where 
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the dip of the reef varies from flat up to 30 degrees and the reef width mined varies from 

0.9m up to 2.4m (Lyons 2013). 

According to regulations set by authorities Impala Platinum mine has to prove that their 

support system is adequate. The support system must be tested and calculated by means 

of risk assessment defined in the Code of Practice. Needed length of bolts as well as 

provided support resistance is calculated. (STD COM 2012)  

Impala Platinum has made; “Mandatory Code of Practice to Combat Rock Fall and 

Rock Burst Accidents in Tabular Metalliferous Mines”. According to that document, 

mining areas are divided to Ground Control Districts based on the similarities of 

geological conditions which at the same time give the most prominent rock-related 

hazards for particular area. Among the other things Q-Index is used by the Rock 

Engineer to carry out the division and designing reinforcement separately to each 

district. (STD COM 2012)  

Support is mainly provided by a system of regular pillars, together with bolts installed 

in the rooms by roof bolting machines and/or manually with hand-held rock drills (STD 

COM 2012). The problem is to install long bolts in an excavation where free space is 

less than the length of the bolt. For this, consecutive rods are added to reach adequate 

hole depth (Lyons 2013). General practice is to install shorter, rigid, bolts as primary 

support and longer, cement grouted cable or steel, bolts as a secondary support if needed 

(Ferreira 2012; Lyons 2013). For providing primary support grouted point-anchored 

bolts are used whereas ungrouted bolts are used less and less because point anchored 

bolts can lose tension in friable ground conditions. Also friction bolts are installed 

usually with a mesh and the installation can be implemented with mechanized 

equipment. Before a rig or boom is moved away, immediate support can be done using 

polyester resin capsules along with steel bolts. (Ferreira 2012) 

Cable is mostly used as flexible cable anchors with mechanical shell arrangements at 

the top of the hole and the cable is tensioned from outside the hole. After installation of 

bolts, common practice is to post-fill cable anchors through small filler tubes and 

breather tubes by either pumping a cement grout or injecting/pumping a resin grout into 

the hole. (Ferreira 2012) Ferreira 2012 also claims that “Flexible rope anchors are likely 
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to be used more and more in the platinum environment to clamp parting planes above 

the reef”. 

7.9.3 LKAB Kiirunavaara mine, Sweden 

Kiirunavaara Mine in northern Sweden is iron-ore mine owned and operated by 

Loussavaara-Kiirunavaara AB (LKAB). It consists of one more than 4 km long ore 

body and the iron ore is extracted by using large scale sublevel caving as the 

underground mining method. (Jacobsson et al. 2013; Villegas et al. 2011) In the first 

quarter of the year 2013 Kiirunavaara Mine produced 6.1-million tons of ore which 

proves it to be the world’s largest underground iron ore mine. (Wait 2013) 

Mining at increasing depth and seismically active areas has led to the development of 

the rock support at LKAB mines in recent years.  Rock support is installed after blasting 

and hauling. Installed rock support mainly depends on seismic activity and area, large 

spans or cross sections. Rock support used today in seismically active areas starts from 

spraying a steel fiber reinforced shotcrete. Then steel mesh is installed with dynamic 

rock bolts which are in pattern 1m x 1m. Fully grouted and plated cable bolts, more than 

7m long, are used in four way cross sections and in areas with large rock wedges. 

(Jacobsson et al. 2013; LKAB 2012) All bolts in Kiirunavaara mine are mechanically 

installed with the bolting rigs manufactured by Atlas Copco and Sandvik (LKAB 2012). 

Experience in Kiirunavaara mine has showed that fully grouted rock bolts and friction 

bolts do not have necessary ductility and capacity to provide the needed support for 

dynamic loads. Therefore, LKAB is using ductile, yielding rock bolts appropriate for 

their seismic conditions. It is estimated that LKAB needs 120 000 – 140 000 ductile 

rock bolts per year. (LKAB 2012) Jacobsson et al. 2013 have showed that dynamic bolt 

used in Kiirunavaara mine is recently developed energy-absorbing D-Bolt.   

LKAB has drawn up a Technical Inquiry which lists requirements for approvable 

dynamic bolts. According to the Technical Inquiry, all of LKAB’s approved and used 

dynamic rock bolts must be tested by Canmet, Canada. Also possible results from field 

tests and from real rock bursts shall be included. Installation of rock bolts and steel 

mesh must be possible to do in the same operation by the rock bolt machine and bolts 

used with the mesh have to give immediate support after installation. (LKAB 2012) 
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Test results of the bolts have to fulfill technical requirements and targets given by 

LKAB.  These requirements and targets for static and dynamic performance of the 

dynamic bolts are given in the Inquiry and is presented in Table 7. (LKAB 2012) 

Table 7. Technical requirement and target for the dynamic bolts (Modified: LKAB 

2012). 

    

Other technical requirements for bolts are length (3m) and size of face plate (diameter 

150mm). Minimum 8 years life time against corrosion must be fulfilled. According to 

LKAB Technical Inquiry 2012, use of resin is not accepted in LKABs underground 

mines because of unsuccessful experiences in the 1980s. Still, since new resin solutions 

now exist, LKAB is about to start testing use of resin. Testing is done only for dynamic 

rock bolts and so cable bolts are not required to be tested separately but the supplier 

must ensure a minimum strength of 260kN and minimum plate size 200 x 200 x 9mm. 

(LKAB 2012; Töyrä 2013) 

7.10 Summary of legislation and mine-specific practices 

Regulations related to reinforcement in surveyed countries are, for the most part based 

on the safety of the workers and are found either under separate Mining safety 

legislation or Occupational safety legislation. Reinforcement related laws and 

regulations of all countries basically set the target for the approved state of safety or 

reinforcement in the underground mines but generally do not specify technical solutions 

for achieving safe working surroundings. Table 8 summarizes reinforcement related 

laws of surveyed countries and gives their specific characteristics differing by each 

country. 

Requirement Quantity

Static yielding capacity > 160 kN

Static failure load capacity > 190kN

Required disaplacement capacity > 200 mm

Dynamic energy absorbing capacity

Load case 1 (see Section 2.3) 30 kJ

Load case 2 (see Section 2.3) 15 kJ
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Table 8. Reinforcement related legislation and its specific regulations by the country. 

 

As can be seen from Table 8 USA and Canada are the only countries where standards 

give some detailed guidelines for properties of reinforcement tools. However, standard 

requirements for cable bolts are not so strict as for rock bolts and cable bolt standards 

mainly affect strand manufacturers by giving requirements for testing and identifying 

the strand material. Usage of bolts, not addressed in the standards, are not forbidden but 

the effective function must be proven by tests in the similar conditions. Laws related to 

reinforcement are vague and generally state that the mine management is responsible for 

safety. . 

Country Specific for law or regulation at issue 

Australian Capital 

Territory

Mining regulated under general work health and safety legislation without 

specific mining regulations; Work Health and Safety Act 2011

1) Northern Territory                                   

2) South Australia,                                        

3) Tasmania,                                                     

4) Victoria

Specific mining regulation under general work health and safety legislation;             

1) Work Health and Safety Act 2011                                                                                                

2) Work Health and Safety Regulations 2012 ,                                                                                 

3) Mines Work Health and Safety (Supplementary Requirements) Act 2012 

4)Occupational Health and Safety Regulations 2007

New South Wales
Regulations under the Mine Health and Safety Act 2004;                                                 

Mine Health and Safety Regulation 2007 

1) Queensland,                                                  

2) Western Australia

Mining safety regulated under stand-alone mining health and safety legislation;                                                                                                                                      

1) Mining and Quarrying Safety and Health Regulation 2001 ,                                             

2) Mines Safety and Inspection Regulations 1995 

Canada

Reinforcement tools have to qualify for 

CSA standards or comply with 

generally accepted engineering 

principles.  

Chile

Mining company has to have own specific 

regulations for reinforcement with 

techniques best suited for the technical 

nature of excavation. Bearing plate diameter 

200mm.

Finland
Technical execution will be inspected by 

mining authorities

Russia
Ground control department responsible for 

reinforcement selection.

South Africa

Mine compile mandatory Code of 

Practice of the strategy adopted to 

handle reinforcement and desing based 

on guidelines given by Mine Health and 

Safety Inspectorate

Sweden

Bolting have to be done after each blast. 

Mine have to demonstrate the design and 

effectiveness of the rock reinforcement to 

the Authorities.

United State

ASTM standards gives requirements 

and instructions for quality and 

installation of rock fixtures. Not 

standardized tools have to be tested 

and shown to be effective in case-

specific ground conditions.

Mining safety regulated under Federal Mine Safety and Health Act 1977 and the Mine 

Improvement and New Emergency Response Act; Code of Federal Regulations, 30 CFR .

Russia local Mining Law

Mine Health and Safety Act 1996

The Swedish Work Environment Act 2011

Separate Mine Safety Regulations under Finnish Mining Law;                                                                                       

Valtioneuvoston asetus kaivosturvallisuudesta 1571/2011

Mining Safety Regulations decree num. 132

Separate mining regultions under Occupational Health and Safety Act;                                                              

Underground Mining Regulations 2011

Code of practice for ground control in 

underground mines gives guidelines for 

reinforcement in Australian mines. Some 

kind of surface support have to be used in 

areas of personnel entry.

Australia

Legislation related to reinforcement
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Table 8 shows that the laws in at least Australia, Chile, South Africa and Sweden, 

require that the mining company must in some way regulate and report about 

reinforcement design and characteristics. It is normal for mining companies to have 

either mine or company-specific regulations and practices guiding rock reinforcement. 

From Mine-Specific practices the following important requirements can be collected 

and taken into account when marketing or developing reinforcement tools: 

 Corrosion resistance and tested life time against corrosion 

 Minimum strength and yielding properties 

 One pass installation 

 Full column encapsulation with resin or cement 

 Plate size requirements 

 Installation of surface support, mesh, in the same operation and pattern 1x1m 

 Proofing and testing of support system, documents available and testable system 
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8 DISCUSSION 

Of the many patents related to cable bolt inventions that exist, some are granted and 

valid and some still are pending or expired. A patent is only valid in granted countries 

so in theory the manufacturing and selling is legal outside these countries. A product 

manufactured in legal country might still end up in granted countries through third 

parties when patent infringement occurred and it can be costly. In international 

companies this kind of action is not desirable because it can also lead up to undesirable 

situation that same services and/or products cannot be offered to all clients. If in some 

situation a patented product is confirmed to be the best and the only choice for the 

realization of a new practice, alternatives are to try to buy the patent rights or consider 

co-operation with the companies who are commercially providing the needed product. 

The patents survey for this thesis was done by using limitations and a few main search 

keys selected with the help of patent engineer. Even if more patents related to cable 

bolting can be found with other search keys, like tendon, the search used can be said to 

cover the most relevant patents. Furthermore, the patents presented in this thesis were 

selected from among the hundreds of cable bolt patents found from the patent search. 

When considering the coverage of the patents presented in this work, the total number 

cable bolt patents should be taken into account. Additionally the results of the 

commercial cable bolt survey cannot be verified since the findings are not from 

scientific articles but from commercial advertisements. 

The patent and commercial cable bolt component survey is observed to include a wide 

array of possibilities for cable bolt applications starting from the strand selection. In 

earlier studies it is stated that tensioned cable bolts act quite similar to point anchored 

mechanical bolts. If additional cable bolt stiffness is required bulbed and grouted cable 

is the option which has been shown to act the closest to grouted rebar during pull-out 

tests.  

On the other hand, corrosion resistance of cable bolts is a crucial factor when comparing 

to rigid bolts. It is noteworthy that epoxy coating and galvanizing of cable not only 

improve corrosive resistance, but also increases lifetime and gives better bond strength 

and load bearing capacity. Coated cables and strands are widely available but 
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manufacturers do not give lifetime estimations or any number for the corrosion 

resistance of their solutions which forms a problem because some mines have 

quantitative requirements for a lifespan. Even if strand is coated other parts of the cable 

bolt solution might not be so durable. On request, coating or other corrosion protection 

treatment is available for all commercial cable bolt components except for wedges. 

Especially when a cable is not protected by grout serious consideration for corrosion 

protection of the all components of cable bolt application including strands, barrels, 

plates and mechanical anchors need to take. 

Available mechanical anchors are either threaded or spring loaded which are usually 

preassembled to the end of the cable and are only offered as a part of complete 

applications. Jennmar has the only commercial but not patented spring anchor which 

can be attached to the end of cable during bolting process on site. Compared with resin 

end anchors the restraint of a mechanical point anchored cable bolts is that they are 

more likely to slide and lose tensioning load at least partly. Sliding may be affected by 

rock vibrations caused by blasting or other seismic events especially before the grouting 

is cured. However, as the full length of the cable will be well tensioned and it acts as a 

very strong spring loosening is not that expected to happen but, to be on the safe side 

this has to be checked by field tests. In general it has been proven that expansion shell 

anchors are effective in hard rock but in closely jointed rocks and in soft rocks use of 

resin anchors is recommended. 

A resin anchor is easy to install on site and as mentioned before, it is not so sensitive to 

vibrations. From existing two-compartment resin product information as well as from 

resin anchored cable bolt applications it has been noticed that for a successful bonding 

between the cable and the borehole wall, resin mixing and in generally the rotation of a 

cable is a really important factor. If the rotation of a cable cannot be implemented 

during installation, spring loaded mechanical anchoring and full grout encapsulation 

should be considered ensuring reliable anchoring. Additionally, it should be noted that 

with current mechanized drilling tools, the smallest borehole is 25 mm and in long hole 

drilling with extension rods the minimum hole size is 48 mm. For resin anchoring the 

annulus space between resin and bolt have to be 3-6mm. This gives maximum hole size 

of 27.2 mm when using a single 15.2 mm steel strand. With current drilling technology 
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long cable bolts can only be successfully resin anchored when cable bolts diameter is 

larger than 15,2 mm.  Steel strands of bigger diameter are not available in reels.  

Many tensioning devices are available for use with point-anchoring. Typically the cable 

has to be pre-tensioned up to 10t but even more might be needed. With current solutions 

tensioning done by rotating the cable which has threaded section in the assembly or 

with a clamping device. The threaded rotatable devices are possible to tension by a 

bolting machine but a barrel wedge device still have to be tensioned by hand held 

hydraulic jacks. Threaded tensioning components are normally preassembled to the 

cable so those are not convenient for a mechanized cable bolting machine, especially if 

the rotation of bolt is unwanted. Barrel and wedge can be assembled on site and with 

available pre-tensioning load indicators also the success of tensioning can be audible or 

visually monitored.  

Important aspect in bolting process is quality assurance. It is practically impossible to 

verify whether or not the tensionable cable bolt has been properly tensioned. Monitoring 

and testing of the cable bolts needs to be a standard procedure. Lack of tensioning or 

poor end anchoring may cause reinforcement failure. However it should be noted that a 

pull-out test naturally ruins a bolt so bolt does not give planned support anymore.  

Plates are normally installed with a barrel and wedges. Lots of shapes and sizes are 

available which is understandable because each mine has their own view or even 

requirement for used plate size. However with current tensioning systems, face plates 

are practically necessary to prevent sliding of tensioning device into the hole but the 

advantage of thick plates should be considered. In general thinner plates should be used 

to attach mesh when thicker plates are used as an integral part of the cable bolt load 

transfer system. Also grouting and possible tube holes have to be taken into account 

when considering plate options. 

In most cases, fully grouting the cable is desirable for giving corrosion protection and 

for ensuring bonding. Grouting via grout passage in the middle of the cable usually 

makes a grouting process more reliable compared to tubes attached outside the cable 

which are more easily damaged due to handling of the cable. In case of center grout 

passageway size of the borehole does not have to be so great and a smaller hole will 

save drilling time. However because of the minimum possible bore hole size for cable 
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bolts, limited by current technology, all the benefits of hollow cable cannot be fully 

utilized. If damage of other grouting injection methods is not very likely to happen, 

hollow cable is not the cheapest option.   

In addition end-anchoring method restraints or limits the usage of grouting methods. 

When post-grouting is wanted, the anchor assembly of the cable could easily block up 

and restraint the grout or air flow at the end of the cable. For example in case of hollow 

cable, resin anchoring will block up the grout passageway and correct mechanical 

anchor have to be chosen so that the end of the cable clears through it. Resin anchoring 

will also block up preassembled grout or breather tubes if they are not shortened before 

installation and with mechanical assembled anchors extra actions will be needed so that 

an anchor will not press and block up the tubes. Therefore grouting options located on 

the mouth or beginning of the borehole, like a sheathed cable, would be the ready to use 

choice. Moreover stiffer grout can be used when an installation hole is bigger and this 

will result better final cement strength. 

It is noteworthy that the curing of cement grout takes time so it is likely that a grouted 

point anchored cable bolt provides somewhat less stiff support when compared to the 

fully grouted resin bolts. The difference is not large but must be considered when 

designing rock reinforcement. The other option for full grouting and for decrease of 

curing time is to use resin with encapsulation of cables. This may be implemented with 

two-speed resin cartridges which are available with several curing times. This kind of 

cartridge can both a point-anchor cable and encapsulate the rest of it. For long cables 

cartridges are not yet available but several cartridges can be installed to a single hole. 

Still, the high price of resin might restrain usage. With bolts maximum 3m long one 

cartridge with two setting times would be a simple and fast solution. Grout tubes, grout 

holes in the plates or a cement mixer are not needed. However this again will need 

stiffener and rotation to be pushed through the capsule. 

Tensionable cable bolts assemblies with point-anchoring, plates and tensioning device, 

and post-grouting are available. Those are supplied giving immediate support to be used 

instead of rigid bolts especially in mines where low roof height limits the installation of 

rigid bolts. Some of the available products are designed to be installed with 

conventional bolting rigs but to work with bolt cassettes in rigs they have to be pre-cut 
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and pre-assembled. In other words the real benefits of cable bolts flexible installation 

length cannot be fully utilized yet. 

In some countries, surface support is required by law which is normally implemented by 

installing mesh under the face plates of rock bolts. Installation of mesh with cable bolts 

would be one of the biggest problems when thinking about replacing rigid bolts with 

cable bolting practice. Currently, mesh is installed with the rigid bolts and plates. Cable 

bolts are often installed at 2mx2m pattern and even though they can be connected with 

mesh and pattern can be changed, they cannot be used to install it – at least with current 

machinery. Fibercrete can be combined with cable bolts at a reduced pattern, but it 

cannot completely replace mesh because in great depths fibercrete eventually cracks and 

becomes ineffective.  

At least in Australia common practice is to use development jumbos to drill and install 

primary support bolts during the drilling cycle. The cable bolting is done later with 

separate unit. A different machine for bolting would easily create logistical challenges 

and even slow down this kind of development practice. In that case rock bolts cannot be 

simply replaced by mechanized cable bolting and additionally the development jumbos 

are not designed to make drill holes suitable for cables or place the cement grout. On the 

other hand a new kind of mechanized cable bolting practice will speed up bolting when 

only one bolting rig is needed to install all bolts at any length, fully grouted passive 

bolts and tensioned active bolts. It should, however, be noted that if mine only have this 

one machine they cannot install primary and secondary support in separate places at the 

same time and the amount of bolting machines will not be reduced. 

Machinery must be designed for a complete bolting system so that it is more attractive 

and stands out from the current bolting machines and practices. In that case a new 

machine and practice needs a magazine for anchors, plates, barrels and grout. A 

function for point-anchoring the cable, the centralization of plates, tensioning with a 

barrel and post-grouting have to be possible during installation cycle. The bolter should 

rather have twin booms for the speed and if a new active cable bolt is meant to replace 

rigid bolts some ability to install mesh in the same operation is required. If this kind of 

bolting system with all the needed functions is built into one machine, would it be too 

complex to use as well as market? In addition to that need for rotation must be taken 
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into account when resin anchored cable bolting practice or rotation tensioning is used. 

The normal practice to provide rotation in commercial and patented inventions is a fixed 

drive head on the one end of the cable. When a cable is fed into the hole bent and cut 

from the reel, a new challenge is created for finding a way to rotate a cable.  

General laws on the surveyed regions give neither directions nor restrictions for 

reinforcement in underground mines. According to laws and mine-specific regulations it 

is noticed that the opinion of an engineer, responsible for reinforcement and the 

experiences of the mines are the most significant factors for the selection of the 

reinforcement practice used. Even if changing the mine-specific currently used, 

established and well-tried practice are not restricted by law, mines have their own 

specific requirements for the reinforcement and proficiency tests are required for  

proving the superiority of the new cable bolting practice. A new practice has to meet 

with the installation and design parameters used by reinforcement engineers in mines, 

like; cost effectiveness, running speed, suitable machine size, life span, corrosion 

protection, provided length, strength and action in practice.  
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9 CONCLUSION 

Rock bolts and cables with manual or mechanized installation are used to reinforce 

excavations in underground mines. Reinforcement in areas where people and machines 

are working is required by law. For safe and fast development cycle immediate 

reinforcement is needed but at the moment it is the slowest part of cycle. Today, mainly 

grouted mechanically or resin anchored pre-tensioned rigid bolts or friction bolts, active 

bolts, are used to reinforce rock immediately after installation. Due to interest in the 

wider use of cable bolting in underground mines, active cable bolt applications and 

possibilities are surveyed during this thesis.  

Resin grouted or point-anchored grouted rigid bolt gives both immediate and longer 

reinforcement after a short resin curing time. With cable bolts the same could be 

achieved by point-anchoring and tensioning a cable for providing immediate support 

and then post-grouting it for more permanent reinforcement and corrosion protection. 

Cable bolts of this kind, with mechanical or resin point-anchoring and tensioning with 

wedge barrel applications, are commercially available but not currently in wider use.  

Currently available cable bolt products for immediate reinforcement are pre-cut and pre-

assembled. Installation can be done either manually or by mechanized rock bolting 

machines, so there is no remarkable advantage in comparison with the current practice 

of rigid bolts and long cable bolts. Mechanized installation of immediately supporting 

cable bolts from the reel would bring many advantages and especially it could partly 

solve the problem of several different bolting machines and current slow extension rod 

handling in some mines. However, realization will not be that easy and either co-

operation or in case of new invention patentability is considered related to tensionable 

cable bolt assembly. 

None of commercial or patented pre-cut and pre-assembled tensionable cable bolt 

assemblies are directly ready to use with the mechanized cable bolt practice considered 

in this thesis. This in turn, confirms the need and novelty of this new kind of cable 

bolting practice. Moreover, the laws of surveyed countries do not give restrictions for 

changing currently used practices to the new proven practice. Referring to this, the 

considered practice can be widely marketed. In mines where bolting is done by a 
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drilling jumbo it would be difficult to demonstrate the advantages of a new cable 

bolting practice but mines where mechanized bolters are already in use should not be a 

problem. However, a proving of the new practice requires at least corrosion resistance 

and pull-out tests in different ground conditions as well as machine demonstration for 

proving the reliable and successful function. In addition, mines have some specific 

requirements and desires which have to be surveyed more extensively before further 

development. 

In theory, replacing of both tensioned and grouted untensioned rigid bolts with 

tensioned and untensioned cables is not a problem but realization has to be considered 

carefully. Untensioned cables can already be installed with current mechanized 

technology and also several realization possibilities are available for mechanized 

immediately supporting cable bolting practice. The risk is the realization of too 

complicated bolting equipment so the components of tensionable cable bolt system have 

to be optimized and selected so that mechanization of the bolt installation would be 

enabled and as simple as possible. That is to say, tensionable cable bolts are already 

available and they can replace rigid bolts as an active reinforcement but machinery and 

possibility for mechanization needs further development and study. Even if technically 

perfect solution is found price might be a crucial factor so also economic factors must 

be taken as a part of a complementary study.  

For mechanized installation, all components can and should be corrosion protected 

because normal steel strand has worse corrosion resistance than rigid bolts have. Either 

a mechanical or a resin anchor can be used depending on ground conditions but with 

mechanical anchors vibration and with resin annulus between the bolt and hole has to be 

considered. In addition the selection of end-anchoring method has an influence on 

mechanical realization. Usage of resin anchor there needs rotation for cable and 

mechanical anchor needs to be mechanically assembled on the one end of the cable. 

Possibility of mechanized tensioning with a barrel and wedge should be examined. 

Grouting should be implemented from the mouth of the hole with as a great passageway 

as possible to provide stiff grout. Additional a critical factor is to ability for the 

mechanization of mesh installation under the face plate and tensioning device of the 

cable bolt. Thin face plate is enough for this purpose. 
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