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1. EXECUTIVE SUMMARY 

This report deals with shear testing of the major Australian cable bolt types using Megabolt Integrated Single Shear Testing 

Rig (MISSTR) instead of the initially approved University of Wollongong (UOW) double shear system. The MISSTR 

apparatus was selected to determine the cable shear strength values and to evaluate the debonding characteristics of 

various profiled cable bolt strand wires during shearing with respect to wire surface roughness. The optimum debonding 

length of the cable during cable shearing failure was determined by appropriate instrumentation. 

The study examined both the shear behaviour and the failure mechanism of various cable bolts of different designs and 

constructions under zero and 15 t pretension loads, although some cables were also tested at other pretension loads in 40 

MPa concrete cylinders using Stratabinder grout. The use of 40 MPa concrete and stratabinder grout was to complement 

the pull testing ACARP Project (C22010) undertaken at the School of Mines, UNSW. While attention to the strength of cable 

bolt was generally focused on the tensile strength, very little attention has been given to the cable bolt strength in shear. 

Ironically, failure in shear represents one of the most important aspects of the cable bolt integrity. Rock bed sagging and 

horizontal stresses cause shearing along fracture planes as well as along bedding planes, thereby placing shear forces on 

the cable. In some cases, the combined tensile and shear forces are sufficient to cause failure of cable bolts as experienced 

and reported from numerous mines. 

The project was a laboratory based testing programme together with analysis of the field data supposedly from various 

mines with active shear testing studies. This was proven to be not the case and thus no field study results were provided 

and hence no analysis was undertaken. The duration of the study was over a period of 24 months. The study included plain 

and rough surface wire strands and indented and spiral strands in bulbed and un-bulbed cables. Other issues examined 

include cable bolt rotation during shearing and the contribution of the sheared concrete joint surfaces to the total cable bolt 

shearing stress and suitability of cable types installed in varying roof strata formations. 

Various parameters considered included, cable type, grout type, hole size, and hole rifling, concrete confinement and cable 

tensioning, rate of shear loading and location of cable bulbs with respect to test block length. This project was part of a joint 

programme of study funded by ACARP and looked at both the cable load transfer capacity evaluation by pull testing 

(ACARP project C21010), undertaken at the School of Mines, UNSW and the shear strength characterisation of various 

Australian market cables (ACARP project C24012). The dual study was considered to lead to better outcomes in 

understanding load transfer mechanism by pull testing and shearing characteristics of the tested cable bolt under different 

test conditions.  

The project had the support from the broad-based coal mining industry as well as manufacturers and suppliers of cable bolts 

and resin/grouts. A total sum of $389 600 000 was sought from ACARP to fund this rather labour intensive project. This 

project is likely to lead to the establishment of an Australian standard method of testing cable bolts in shear. The main 

findings from this study were:   

 MISSTR was a correct method of evaluating the shear properties of various cable bolts. The methodology enabled 

researchers to shed light on the effectiveness of cable installation bonding. Plain cables were found to debond much 

more readily in comparison with rough /indented cables for a given cable encapsulation length.  

 No debonding was observed in spiral and indented cable bolts because of the influence of increased interlocking in the 

cable/grout interface. 

 The failure modes in cable bolt strand wires were mostly a combination of pure tensile and tensile/shear. No strand wires 

failed in pure shear. Shear testing of the cable bolt will be unlikely achieved in full shear because of the relatively low 
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strength properties of the host medium, resulting to excessive wires bending and elongation around the sheared zone, 

leading to near tensile shear failure. 

 In general, the failed cable strand peak shear load was lower with increased pretension load. Higher pretension load 

causes the cable to stiffen and fail with lower vertical shear displacement. 

 Modelling simulation demonstrated that the finite difference based FLAC software is capable of simulating underground 

roadway stability, supported by both rock bolts and cable bolts. The large scale horizontal deformation on cable bolt 

elements as experienced in the field was captured by the model. The simulation was limited to two dimensional 

analyses. It is recommended to carry out a comprehensive numerical study in three dimensions to classify the most 

optimum support system for various strata conditions.    

2. INTRODUCTION 

Since their introduction to the mining industry around 1970 (Hutchinson and Diederichs, 1996; Windsor, 1992), cable bolts 

consisted primarily of high–tensile strength steel that was grouted into a drill hole in advance of mining. As the popularity of 

cable bolt support grew, interest in studying the load characteristics and failure mechanics began (Fuller, and Cox, 1975). 

The initial emphasis was to study methods to increase the load-bearing capacity of supports. With the introduction of resin-

anchored pre-tensioned cable bolts in the early 1990’s, particularly in underground coal mines, they were quickly utilised as 

secondary support to replace cribbing and props, as installation of these bolts was simpler and more efficient than the other 

traditional methods used at the time (Fuller, 1983).  

The behaviour of the cable bolts in shear is not adequately researched in view of the cable bolt’s structure variations. In 

general, studies on cable bolts have been focused mainly on pull testing, both in the field and in the laboratory. 

Australia has the largest variation of high capacity, pre-tensioned, post-grouted cable bolts in the world and a minimum of 

literature exists on shear testing and shear characteristics of these products using a recognised shear testing methodology. 

Pull-out tests are generally carried out to evaluate the reinforcement behaviour of cable bolts as the necessary requirement 

for the cable bolt support application and credibility for strata support in underground coal mines. British standards BS 

7861(Part 1) (2009) ** and Thomas (2012) mainly deal with pull tests for evaluating the performance of cable bolts. 

However, the British standard, BS 7861-Part 2(2009) ***, that is used for shear testing of cable bolt, cannot be applied to the 

study of shear behaviour of the cable bolt in sedimentary rocks. The equipment used in British Standard, BS 7861 (Part 2) is 

a guillotine style tool, where the cable bolt is fully sheared in the steel frame, which may not yield reliable results as the 

cable may. Shearing of the cable bolt in sedimentary rock normally undergoes both shear and tension; hence, the British 

standard methodology of testing cables used in coal mines is inappropriate and may be misleading. 

The behaviour of cable bolts in shear is not adequately researched in view of the cable bolt’s structure variations. In general, 

studies on cable bolts have been focused mainly on pull testing, both in the field and in the laboratory. Accordingly, the 

understanding of cable bolt behaviour in shear is still in its infancy as there are various practical issues. Many theories and 

mechanisms involved are yet to be explored and could provide better understanding of any particular cable bolt’s behaviour 

in shear loading leading to improvements in their design. Accordingly, various cable bolts that are available in the market 

need to be tested in shear, examined and characterised for their use in the Australian coal mining industry. Figure 1 shows 

various types of cable bolts marketed in Australia. 

Testing of cable bolts in shear is normally carried out in the laboratory, because of the difficulty of monitoring the shearing 

process in the hole in remote location. Therefore, it is nearly impossible to conduct shear testing underground. Shear tests 

carried out by various researchers varied greatly. Shear tests carried out by Goris, et al. (1996) was limited in scope and 

focused mainly on the behaviour of the sheared joint surfaces rather than the cable bolt capability in shear. Also, no 

reference was made to the tested cable bolt in shear and load transfer mechanisms, and these tests were not carried out on 

the range of cable bolts that are currently marketed in Australia.  
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Prior to 1990, shear tests on tendons were mostly undertaken using the single shear method of testing. The earliest 

methods of single shear testing were reported by several researchers (Haas, 1976, Stillborg 1984). Aziz, Pratt and Williams 

(2003) [http://ro.uow.edu.au/coal/172]  carried out double shear testing of solid rebar (rock bolt) in 20 MPa and 40 MPa 

concrete, and found that the concrete strength had an influence on the load transfer capability of the bolts. Later Craig and 

Aziz (2010), using a similar but larger version of double shear equipment (designated as MKII), examined the failure 

behaviour of 28 mm diameter hollow strand “TG” cable bolts taken to complete failure [http://ro.uow.edu.au/coal/303/]. 

Subsequently, double shear tests were carried out on several well-known cable bolts used in Australian mines with varied 

pretension loads as shown in Table 1. Figure 2 shows typical test results of several smooth and surface profiled bolts.  

 

 
Indented TG- Hollow 28mm bolt  

Garford 15.2 mm bulbed cable bolt 

 
Plain SUMO-Hollow 28mm c/w 35 mm birdcaged  

cable bolt 

 
Secura-Hollow groutable cable bolt (HGC) 

 
Indented SUMO-Hollow 28mm c/w 35 mm birdcaged  

cable bolt 

 
MW9S Megastrand (spiral) cable bolt 

 
21.8mm plain Superstrand 19 wire cable bolt 

 
MW10P Megastrand (plain) cable bolt 

 
21.8mm indented Superstrand 19 wire cable bolt 

 

Figure 1: various types of cable bolts marketed in Australia 

 

 

 

 

 

 

 

 

 

http://ro.uow.edu.au/coal/172
http://ro.uow.edu.au/coal/303/
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Table 1: Details of double shear tests carried out on various cables with different pretension loads and grouts  

 

 

Figure 2: Typical load-displacement graphs of different cable bolts subjected to double shear testing. The recorded shearing 
load consist of the load spent on cable shearing and overcoming concrete friction force of the joint plane contact faces (Aziz, 

2010) 
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No attempt was made at this stage of the initial study to quantify shear stresses generated due to the rubbing faces of the 

concrete joints. To all  intents  and purposes, the initial study stated in Table 1 and shown in Figure 2 did not provide the 

ultimate objectives of addressing the selection and suitability of the cable bolt type to a given ground condition.  

Subsequently, the issues of joint surface friction effect was followed up theoretically by Aziz, et al. (2015b) [ 

http://ro.uow.edu.au/coal/559/ ] and experimentally by Rasekh et al. (2015) [ http://ro.uow.edu.au/coal/561 ] and the effect of 

contact surface friction was estimated. Aziz et al. (2016b) tested a limited number of cables using a modified double shear 

MKIII apparatus with zero joint planes shear load. Basically a gap of 10 mm was maintained between the shear concrete 

joint surfaces, allowing no contacts between the concrete surfaces during the shearing stage, thus when the cable bolt was 

sheared, the resulting vertical shearing force was consumed purely for shearing the cable to failure as demonstrated in 

Figure 3  (Rasekh, et al, 2016). The MKIII double shear apparatus was initially selected to be used in this ACARP project, 

prior to the emergence of the Megabolt integrated single shear apparatus for testing all cables. 

 

Figure 3: Double shear MK III apparatus and a comparison bar chart between the shear performance of plain 19 wires, 
21.7mm cable bolt with 0 t pretension load when concrete blocks are both in contact and without contact with each other 

(Rasekh, 2017; Rasekh et al. 2017). 

McKenzie and King (2015) presented results of the newly constructed Megabolt Integrated Single Shear Testing Rig 

(MISSTR) shown in Figure 3. This study reported on shear testing of several cable bolts for shear strength. The number of 

cables tested was limited and focused only on testing Megabolt cable products. However, this newly constructed integrated 

single shear testing equipment appeared to address issues related to cable bolt debonding length as well as friction across 

the sheared concrete joint surface plane.  

The need for testing various cable bolts, currently marketed in Australia, is paramount to improve an understanding of the 

behaviour of different cables in shear and to determine accurately the cable debonding length. Accordingly the project report 

provides shear testing of cables using MISSTR. It should be stated that assessing cable debonding per encapsulated length 

is best determined by pull testing and not by shearing (Aziz et al, 2015d, and Aziz, 2015. http://ro.uow.edu.au/coal/560/ ) 

The proposed project was based on the laboratory single shear testing of several widely used and popular cable bolts in 

Australian Mines in concrete blocks. Following a discussion with industry monitors of the project, It was agreed that; 

1) The project focused on testing a limited number of cables that are currently used in Australian mines. All these tests to 

be carried out using the newly developed Megabolt Integrated Single Shear Testing Rig (MISSTR).  Five types of 

cables were used as listed in Table 1. 

2) All tests were carried out in concrete blocks of 40 MPa UCS.  

3) All tests were carried out with the cable bolts installed in smooth and rifled holes using Stratabinder grout.  

4) Where possible the rate of shearing load was maintained at 1 mm /min (0.018 mm/sec) as recommended by ISRM. 

5) The locations of cable bulbs along the double shear blocks length were maintained consistent with spacing of 500 mm. 

MKIII 

s 

http://ro.uow.edu.au/coal/559/
http://ro.uow.edu.au/coal/561
http://ro.uow.edu.au/coal/560/
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3. STUDY PROGRAMME 

3.1 Megabolt Integrated Single Shear Testing Rig (MISSTR)  

Prior to testing the MISSTR was first transported to the UOW Research Laboratory at Russell Vale. Figure 4 shows the 

mounted rig being shipped to Wollongong. The facility consisted of: 

 

Figure 4: MISSTR and associated components being transported by road from Megabolt in Melbourne to the UOW Russell 

Research depot. 

1. The MISSTR is a horizontally aligned integrated system consisting of a shearing rig and a 120 t capacity compression 

machine. The 3.6 m long concrete shearing cylinder consists of two sections, each containing 1.8 m long concrete 

cylinders. The concrete cylinders are covered by steel clamps,which provides confinement during the shearing 

process. Either a hand pump or a power pack of a suitable capacity applied the hydraulic pressure for compression 

machine legs. The pressure in the manifold was monitored with a digital pressure transducer (Type Measure X, range 

0- 800 Bar) in conjunction with an analogue pressure gauge (0-700 bar) as clearly seen in Figures 5 and 6. The rate of 

loading was applied manually, which was not constant, however the aim was to apply a constant load at the rate of 

around 1 mm/min (0.018 mm/sec), in line with BS7861-2 standards. The displacement at the shearing plane was 

measured using a Linear Variable Differential Transformer (LVDT) as shown in Figure 6 a. Two other LVDTs were also 

mounted on the cable ends to enable monitoring of cable debonding as shown in Figure 6 b. A data taker recorder was 

used to collect data during the tests. 

 
Figure 5: A general view of MISSTR 
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Figure 6:  (a) Pressure transducer and LVDT in single 

shear apparatus (b) LVDT at one end of the concrete 

cylinder to monitor cable debonding. 

 

 

 

 

2. Heavy steel metal clamps 300 mm long were used to confine the concrete cylinders and permit handling of longer 

concrete cylinder lengths as shown in Figure 5. 

3. Steel grouting and cable bolt tensioning frame was constructed to accommodate 250 mm diameter and 1800 mm 

long concrete cylinders; the frame was designed to permit tensioning of the encapsulated cables. This will be 

elaborated later in section 3.4.   

 

Once the MISSTR was reassembled a trial test was run to familiarise researchers with the installation of the setup. A total of 

19 tests were carried out using different cable types as shown in Table 2. With the exception of Garford twin cable bolt all 

cables were tested at zero and 15 t of pretension load. The preparation of an installation central hole for each cable type 

was prepared during the concrete casting stage. Garford twin-strand was tested at zero tonne pretension load only. 

Stratabinder grout was used for the installation and encapsulation of bolts in concrete cylinders.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a 

b 
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Table 2: list of cable bolts tested using MISSTR 

 

3.2 Sample preparation 

Concrete casting:  Formatube cylindrical cardboard, 5 mm thick, 250 mm in diameter and 900 mm long was used for casting 

concrete cylinders. For each 1.8 m long side, two 900 mm long concrete cylinders were needed per each sheared side of 

the full cable encapsulation length of 3.6 m. The two sections of the 1.8 m long were glued together using Epoxy resin.   

For casting concrete blocks in bulk, first, a water resistant marine ply frame crate was constructed to hold eight Formatube 

moulds up-right in each unit as shown in Figure 7 a. A total of four crates were assembled to cast 32 tubes. During casting, 

a steel rod of 30 mm diameter and length of 1000 mm was installed in the centre of each Formatube cylinder to create the 

borehole in cast concrete. An 8 mm diameter PVC tube was wrapped around the steel rod for rifling the hole during casting 

(Figure 7 c). The concrete mix was prepared by professional concrete suppliers (Baine Concreting Services of Wollongong) 

with 10 mm aggregates and a UCS value of 40 MPa. A slump test was conducted before pouring the fresh concrete to 

ensure the required moisture content and consistency of the concrete mix. Subsequently, the fresh concrete was poured 

into moulds and vibrated to remove any entrapped air bubbles from the poured concrete in each tube. The top surface was 

trowelled smooth as shown in Figure 7 b. 

Once concrete blocks were hardened, the four crates holding 32 concrete filled moulds were dismantled to retrieve concrete 

blocks and commence the preparation of the concrete blocks for cable installation. First, the clear 8 mm diameter PVC tube 

shown in Figure 7 (c and d) was pulled out and the steel rod located in the centre of the concrete block was tapped out of 

each 900 mm long concrete block as shown in Figure 7 d. The Formatube cardboard cylinders were cut and split axially and 

concrete blocks were taken out and stored in an ambient environment to cure for at least 28 days to reach the desired 40 

Cable 
Number of 
Wires per 

Strand 

Wire 
thickness 

(mm) 

Cable Dia 
(mm) 

Installed 
Hole Dia. 

(mm) 

Cable 
Tensile 
strength 

(kN) 

Grout 
Used 

Pretension 
Load (t) 

Megabolt MW9         
-Smooth 

9 7 31 42 620 Stratabinder 0 and 15 

Megabolt MW9  - 
Spiral 

9 7 31 42 620 Stratabinder 0 and 15 

Megabolt MW10 - 
Smooth 

10 7 31 42 700 Stratabinder 0 and 15 

Megabolt MW10 - 
Spiral 

10 7 31 42 700 Stratabinder 0 and 15 

Garford twin-
strand 

2 x 7 5 2 x 15 55 2 x270 Stratabinder 0 

Indented TG-
Hollow 28 mm dia. 

9 7 28 42 600 Stratabinder 0 and 15 

Plain SUMO-
Hollow 28 mm dia 

9 7 
28 mm with 
35mm dia. 

birdcage 
42 650 Stratabinder 0 and 15 

Indented SUMO-
Hollow 28 mm dia. 

cable 
9 7 

28 mm with 
35mm dia. 
birdcage 

42 630 Stratabinder 
0 and 15 

 

Superstrand – 
Plain 19 wire cable 

19 
(9x9x1) 

5 / 3 / 7 
mm 

20 28 600 Stratabinder 0 and 15 

Orica Secura HGC 9 7 & 7.5 30 42 680 Stratabinder 0 and 15 
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MPa UCS strength. The strength of the concrete was confirmed from USC tests on 200 mm long and 100 mm diameter 

concrete cylinders prepared during the concrete pour. 

 

Figure 7: (a) Formatube in support frame with central wrapped steel bolt for printing the central hole in concrete 

cylinder (b) Formatube filled with concrete, (c) 8 mm PVC tube wrapped around steel bar for diameter printing (d) Removing 

PVC tube and central steel rod after concrete hardened in Formatube 

3.3 Butt-gluing of concrete cylinder ends 

As stated before, two 900 mm cylinders were joined together to form a 1.8 m long unit. For this purpose, the first half of the 

outer primary steel clamp was positioned on the “Base frame” and covered with a plastic sheet. Then, one end of the 900 

mm concrete block was placed in the centre of the clamp as shown in Figure 8. Epoxy binder and hardener mix, smeared 

on the outer rim of the concrete joint surface (Figure 9) was used for butt-glue end surfaces of two concrete blocks. A long 

22mm diameter solid rock bolt, threaded at both ends, was inserted in the concrete cylinder centre hole and tightened to 

attach the joint surfaces together after smearing with epoxy. The whole assembly was left undisturbed for a period of 30 

minutes, the bolt was then removed and the other top half of the outer confining steel clamp was mounted and tightened 

(Figure 10). For each test, a set of four concrete blocks was required to provide a total length of 3.6 m. Two sets of 1.8 m 

long concrete blocks were mounted together in the pre-tension and grouting frames. The central primary clamp was used for 

the middle joint reinforcement during pre-tensioning and grouting. The full length of the concrete blocks was covered with 

the secondary clamps to provide full confinement during shearing. Between 10 and 11 clamps were used along the 3.6 m 

long concrete /cable assembly. The Sika Bond Spray Fix with high strength contact adhesive was used to cover the grout 

adaptor plate. The adaptor plate was inserted and the internal surface was sprayed (Figure 11). Finally, the grout adaptor 

plate and concrete block surface were attached together as shown in Figure 12.  
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Figure 8: Positioning concrete blocks on the clamp 

 

 

Figure 9: Application of epoxy on concrete cylinder joint surfaces 

 

 
 

Figure 10: Clamped anchor cylinders on Base frames 
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Figure 11: Locating and spraying the grout adaptor plate with Sika Bond 

 

Figure 12: Attaching concrete blocks 

The primary clamp was placed in the centre of the pre-tensioning and grouting frames. The primary clamp was used to 

protect the integrity of the joint and allow for ease of lifting with an eye bolt on the clamp’s top half section, when transporting 

and mounting the assembled sample on the single shear rig. The concrete block surface and the neoprene seal were 

sprayed at the centre of the concrete blocks. The neoprene seal was attached to the concrete lock surface on each side. 

Then, the other side of the neoprene seal and the Teflon sheet surrounding it were sprayed and attached together. Each 

surface was required to be kept undisturbed for two minutes after spraying (Figure 13). The intention of using the neoprene 

seal was to seal the concrete block for grouting. Each Teflon sheet had a thickness of 2 mm, providing a 4 mm gap between 

concrete blocks at the shearing joints. The purpose of Teflon sheets was basically to minimise the friction between the 

concrete cylinders during cable shearing process.  The Teflon sheet ring had an outer diameter of 245 mm and the inner 

diameter of 85 mm. The neoprene seal had an external diameter of 85 mm, allowing the Teflon sheet to be fitted snugly 

around it. The internal diameter of the neoprene seal was set to 45 mm, facilitating the cable bolt installation. Thereafter, the 

same procedure was carried out to make a 3.6 m concrete cylinder for testing. The other half of the primary clamp was 

positioned on top of the other half as shown in Figure 14. 
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Figure 13: Attaching Teflon sheet and neoprene seal to the middle joint 

 

 

Figure 14: Application of primary clamp to the middle joint 

3.4 Cable bolt installation 

Initially, it was decided to monitor the strain on cable wires using strain gauges. Strain gauges were installed along one 

clean strand wire of the cable strand to monitor debonding during shearing. A small area of one strand wire was sanded and 

cleaned with an alcohol based cleaner to ensure impurities on the surface were removed. Araldite epoxy resin and hardener 

at a ratio of 1:1 was applied to the surfaces where strain gauges (each 2 mm long) were placed on the wiredata logger. 

Silastic glue was used to spot glue / and anchor the connecting wires of the strain gauges along the cable surface to ensure 

their integrity during cable insertion and the subsequent grouting process. It was essential to minimise the effect of silicon 

glue being in contact with the cable wire surface, so that its presence did not influence cable debonding. Figure 16 shows 

the location of strain gauges installed on the cable bolt. In subsequent tests and folowing testing of plain MW10 and spiral 

MW9 cables, the strain gauges were replaced with LVDTs. The reasons for replacing strain gauges with LVDTs will be 

disscussed later in the experimantal section. 

Once the strain gauges and lead wires were mounted on the cable, each instrumented cable bolt was then carfeully inserted 

in the concrete cylinder hole placed on the levelled pretesnsion and grout frame as shown in Figure 17. To avoid sliding 

during pretensioning, the cable bolt was held fixed in place by using a jack plate, a spacer, a nut, 62.5 mm jack and the 
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barrel and wedge as shown in Figure 18 a. Then, the cable bolt was pre-tensioned from the oposite side, which was 

designated for grouting (Figure 18 b). The pretesnioning frame was designed in such a way that it prevented subjecting 

concrete cylinders to pre-tension load during subsequent cable shear. 

 

Figure 15: Application of strain gauge on cable bolt’s surface 

 

 

Figure 16: Location of strain gauges on the cable bolt 

Cable shear zone 

1.8 m 

Two “2 mm” Teflon sheets 

(Different colours just for clarity) 
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Figure 17: Cable bolt inserted in the concrete cylinders to be pretensioned in the levelled tensioning frame 

 

Figure 18: Application of pretension on sample from grouting end of the pretension frame 

3.5 Cable bolt grouting 

The pre-tensioning and grouting frame was tilted at an angle of 65° to the horizontal for the bottom up grouting of the cable 

(Figure 19). There were two main reasons for this: 

 To replicate field conditions; some cables are installed at an angle, and 

 To remove any air bubbles remaining inside the grout annulus area and hence to ensure full encapsulation. 

Stratabinder HS grout was used for cable bolt encapsulation with the required amount of 7.5 litres of water to 20 kg of 

cement. One bag of cement (20 kg) was used for each set of cable bolt encapsulations. The UCS strength of the 

Stratabinder grout was in the order of 72 MPa after 28 days of curing as reported by Majoor et al. (2017), and Ye (2016). To 

obtain a smooth mixture without any lumps, the cement was added uniformly to water during mixing.  After grouting the tilted 

a                                
b                                
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concrete blocks, mounted on the pretension stand, was kept undisturbed for 28 days for grout curing. Details of the strength 

properties of Stratabinder grout is reported by Aziz.et al (2015) in Appendix A. 

 

Figure 19: Tilted concrete cylinders at a 65o angle for grouting purposes 

3.6 Testing procedure 

Once each grout encapsulated cable had been cured for 28 days, it was disassembled from the tension frame and carefully 

mounted on the MISSTR ready for testing. Steel clamps were placed full length around the concrete blocks to provide 

confinement to the sample. The aim of using confinement on the concrete cylinders was to provide radial strength to the 

composite medium encapsulating the cable to replicate the in situ conditions of the forces applied on the cable bolt.  

During the early stage of cable strain measurement, strain gauges and dial gauges were used to monitor any possible 

debonding of the cable, however LVDTs replaced the use of strain gauges in later tests as stated previously. LVDTS were 

set up at each end of the cable extremity after removing the nut, spacer, grouting trumpets and barrel and wedge from the 

sample ends. A hydraulic power pack was connected to the hydraulic rams to permit cable shear loading. The hydraulic 

pressure application was controlled manually, in order to keep the applied shearing load constant, although the application 

of shearing load rate was not always constant in different tests. 

4. EXPERIMENTAL RESULTS 

Table 3 lists the number of tests carried out in this programme of testing. The table provides details of eight different tested 

cables and their characteristics. All cables were tested in 40 MPa concrete blocks, and encapsulated in the concrete 

cylinder using Stratabinder grout. The table also includes an additional three tests (17, 18 and 19) carried out on plain 

MW10 cables fitted with LVDTs for monitoring debonding. The repetition of the plain MW10 cables was undertaken because 

there was a concern about the effect of Silastic on early debonding. Silastic glue was used to glue strain gauge wires along 

the cable strand wires.  

The results of the single shear tests for different cable bolts subjected to different pretension load are plotted in Figures 20 

through 28. Figure 20 shows the result of the plain MW10 cable with strain gauges (tests 1, 2 and 3) and Figure 28 shows 

the load-displacement of the plain MW10 in the second round of tests using LVDTs (tests 17, 18 and 19). It is obvious that 

all plain MW10 cables were debonded in both test series. Other debonded cables were plain SUMO and plain Superstrand 

(21.7 mm 19 wire) cable bolts. All other tested cables, which were mostly of an indented type, did not fail. Interestingly, 

Secura HGC cable with 40% of indented outer wires did not debond either. 
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Table 3: Summary of single shear test results 

      P: Plain, S: Spiral, Secura HGC: Combination of plain and spiral, ID: Indented. * Cable bolt did not fully snap/fail. 

Test 

No. 

Product Name Cable 

dia. 

(mm) 

 UTS (t) Cable geometry Pt  

(t) 

Peak 

Shear 

load (t) 

 Shear 

displ 

(t) 

Cable      

debonding 

Shear displ 

corresponding to 

debonding 

Peak shear 

load /UTS 

 (%) 

Rate of 

loading 

(mm/min) 

1 MW 10-P 31 70  Un-bulbed 15 68.3 68.2 Yes 20 97.6 23 

2 MW 10-P 31 70  6 bulbs 0 63.8 62.6 Yes 40 91.1 38 

3 MW 10-P 31 70  6 bulbs 15 60.4 56.0 Yes 33 86.3 17 

4 MW9-S 31 62 6 bulbs 0 47.7 43.5 No 0 76.9 23 

5 MW9-S 31 62 6 bulbs 15 43.9 47.4 No 0 69.9 1.8 

6 MW9-S 31 62 Un-bulbed 15 49.7 41.7 No 0 67.3 11 

7 Secura HGC 31 68 6 bulbs 0 64.7 51.8 No 0 95.2 11 

8 Secura HGC 31 68 6 bulbs 15 55.9 45.9 No 0 82.2 12 

9 SUMO-P 28 65 6 bulbs 0 55.8 71.8 Yes 76 86.8 3.1 

10 SUMO-P 28 65 6 bulbs 15 68.4 78.2 Yes 102 106.5 4 

11 ID -SUMO 28 63 6 bulbs 0 40.4 40.9 No 0 73.7 20 

12 ID- SUMO 28 63 6 bulbs 15 37.4 30.9 No 0 59.4 13 

13 ID-TG 28 60 Un-bulbed 0 44.9 51.3 No 0 69.8 1.6 

14 ID- TG 28 60 Un-bulbed 15 36.3 30.9 No 0 57.6 15 

15 Superstrand-P 21.7 60 Un-bulbed 15 52.4 90.2 Yes 42 85.7 2.5 

16 Garford-P 2 *15 54** Bulbed 0 44.6 46.8 No 0 80.9 2.2 

17 MW 10-P* 31 70 Un-bulbed 15 54.7 80 Yes 0 78.2 4.24 

18 MW 10-P 31 70 6 bulbs 0 68.5 107.5 Yes 41 97.9 1.37 

19 MW 10-P* 31 70 6 bulbs 15 63.4 119.9 Yes 55 90.6 1.56 
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Figure 20: Plain MW10 cable bolt test results 

 
Figure 21: Spiral MW9 cable bolt test results 

 

 

Figure 22: Secura HGC cable bolt test results 
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Figure 23: Plain SUMO cable bolt test results 

 

 
Figure 24: Indented SUMO cable bolt test results 

 

 

Figure 25: Indented TG cable bolt test results 
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Figure 26: Un-bulbed plain Superstrand cable bolt with 15 t pre-tension load 

 

 
Figure 27: Plain Garford cable bolt with bulb spacing and 0 t pre-tension load 

 

 
 

Figure 28: Plain MW10 cable bolt test results (repeated tests) 
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4.1 Effects of pretension load 

The application of pretension load had a considerable influence on the performance of all cable bolts tested in shear. 

Figures 29 and 30 represent the effect of pretension load on the peak shear load and shear displacement at peak shear 

load of 12 cables. The load-displacement data shows that the applied axial pretension load to pre-grouted cables provides 

greater stiffness to the system. The increased stiffness causes a reduction in the elastic region of the load-displacement 

curve and a steeper slope with reduced displacement at peak shear load as is clearly shown in Figure 29. The hypothesis is 

that the peak shear load decreases by increasing cable strand wire stiffness, thus reducing the flexibility of cable bolts. It is 

clear from test data that the displacement at peak shear load is reduced with increasing pretension load when compared 

with a 0 t pre-tensioned cable strand counterpart. Also, the surface roughness of the cable due to indentation would cause a 

decrease in displacement at peak shear load. The surface roughness of the cable creates greater interlocking bonding at 

the cable-grout interface. Thus, the indented cable bolt will return lower displacement at peak shear load in most of the 

tests; however this was not the case with plain cables, where debonded cables were characterised with the peak shear load 

occurring at increased displacement as seen in Figure 30 and various smooth wire cables of MWP10, SUMO plain and TG 

plain bolts respectively. Obviously, the increased shear displacement in plain cables was verified with LVDT monitoring 

results on the protruding ends of the cable as shown in Appendix 4 and Figure A4a. 

 

Figure 29: Effect of pretension load on peak shear load of cable bolts. Note; plain SUMO cable was debonded 
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Figure 30: Shear displacement at peak shear loads for all tests 

4.2 Effect of cable profile geometry 

Figures 31 and 32 show the effect of cable bolts profile geometry on the shear strength of cable bolts. Figure 31 shows the 

comparison between shear performances of various cable bolts at 0 t pre-tension. The Secura HGC and plain MW10 

achieved the highest shear load strength of all cable types. Plain SUMO cable achieved the third highest in shear strength. 

The comparison between the performance of plain MW10 and spiral MW9 and also plain and indented SUMO indicates that 

the plain cable bolt had higher shear strength compared with indented /spiral cable wire surface irrespective of the cable 

type, which, for same cables, is caused by reduction in wire mass due to indentation. One important factor in the higher 

results of both plain MW10 and Secura HGC is due to greater strand wire diameters and hence ultimate tensile strength 

compared to other types of cable bolts. Also, MW10 Plain cable had a longer lay length. The comparison between the 

performances of cable bolts subjected to 15 t pre-tension appeared to suggest that the plain MW10 cable without bulb 

structure and the plain SUMO cable strand had greater shear strength (Figure 32). No consideration is given to the effect of 

debonding on the peak shear load, which in general leads to higher shear values as both cables are being as if they are 

undergoing tensile loading because of increase shear displacement. This is clearly evident from the dominant failure profiles 

in tension of various wires in each of MW10 and SUMO plain strands as shown in Appendix 2, which will be further 

discussed later. 
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Figure 31: Effects of cable bolt profile geometry at 0 t pretension 

 

Figure 32:  Effects of cable bolt profile geometry at 15 t pretension 
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4.3 Effect of birdcage on the peak shear load  

To gain a clear understanding of the effect of bulbing on the peak shear load of a cable bolt, two tested cable bolts plain 

MW10 (Tests 1 and 3) and MW9 spiral (Tests 5 and 6) in Table 1 were examined with respect to the effect of bulbing. With 

these cable bolts being subjected to an initial pretension load of 15 t, it was found that the tested bolt types of both MW10P 

(tests 1 and 3) and MW9S (tests 5 and 6)  in Table 3 showed a drop of 11.6% in peak shear load with integrated bulbing.  

The plain MW10 with no tangible bulb structures reached 68.3 t peak shear load, while it reached 60.39 t with six bulbs 

structure. Similarly for the MW9 S cables, the peak shear load with and without bulb structures were 43.93 t and 49.7 t 

respectively. These results appears to indicate a negative impact on the peak shear strength of cable bolts in single shear 

tests due to a rigid structure provided by the bulb (Figure 33). This finding was contrary to the general understanding on the 

role of bulbing in cable bolts and these tests also ruled out the effect of cable debonding.  However, the results of the 

additional tests carried out on MW10P cables (tests 17 and 18) resulted in peak failure load of 54.7 t and 68.5 t in favour of 

bulbed cable. These later result findings  were in agreement with what has been the accepted belief and was also observed 

from the axially cut post-test encapsulated concrete cylinders, in which the influence of housed bulbing on concrete medium 

is shown in Figure 34.   

It is thus suffice to suggest that, based on the exposed surface of the axially cut concrete cylinders, the increased local 

diameter of cables’ bulb may cause localised distribution of the generated pulling loads causing significant crushing force in 

the surrounding concrete medium, thus indicating the effective load transfer role that bulbs play in resisting cable shearing 

displacement and debonding.  Accordingly it is suggested that further studies should be undertaken as the number of tests 

undertaken was insufficient to draw any meaningful conclusions on the role of bulbing in cable bolting. 

 
 

Figure 33: Effects of bulbing on peak shear load of cable bolts 
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Figure 34: the crushing effect of bulb on composite medium /concrete column surrounding the cable 

4.4 Cable bonding and debonding 

A combination of strain gauges and LVDTs were used to monitor shearing and cable debonding. During the early testing 

stage of monitoring, some cables were monitored using a combination of strain gauges, mounted along the length of the 

cable wires and two dial gauges each placed externally at the extremity of the protruding cable ends to monitor cable 

deboning. Cables tested during the early stage of testing were mostly plain MW10 and spiral MW9). An LVDT was used to 

monitor shear displacement. In the later tests both strain gauges and dial gauges were replaced by LVDT’s. The results of 

the study demonstrated clearly that all tested plain wire cables (plain MW10, plain SUMO and plain Superstrand) debonded 

irrespective of the pretension loads and bulbing. Among the debonded cables, only plain MW10 cables were fitted with 

strain gauges with its wires glued on the cable wires using Silastic glue. Accordingly, concern was raised about the 

presence of Silastic glue, gluing the strain gauges along the cable length, which may have affected the performance of plain 

MW10 cables.   

Figure 35 shows strain gauges and LVDT measurements due to the vertical cable  shear displacement of 20 mm. The un-

bulbed cable was subjected to 15 t of pretension load. It was noted that strain gauges 1, 2 and 3 were located along the 

cable length 100, 200 and 300 mm from the sheared central joint plane. Clearly debonding in the plain cable bolts occurred 

due to insufficient embedment length of encapsulation in each 1.8 m long encapsulated cable length. This means that more 

than 1.8 m of encapsulation on each side was required to prevent plain cables from debonding. These values, as seen in 

Figure 36, are different from the monitored values monitored by LVDT at the same vertical shear displacement of 20 mm 

shown in Figure 37 which showed that the presence of strain gauges on the spiral MW9 cable bolts did not cause cable 

debonding as shown in Figure 37 for un-bulbed spiral MW9 with 15 t of pretension. The spiral MW9 wire surface roughness 

has contributed to cable bolt wires and grout interlocking during shearing, thus preventing cable debonding. It is also worth 

noting that as the cable debonds, the protruding end of the cable on the sheared down side undergoes deformation as 

shown in Figure 37. This level of deformation may cause inaccuracy in the LVDTs reading. 

 It should be recognised that shear testing of cable does not constitute a realistic way of assessing cable debonding, clearly 

indicating the differential loading of cable strand wires. This phenomenon was also observed by McKenzie and King (2015). 

Realistically pull testing is the best method of assessing cable debonding. The result of bonding and debonding of all tested 

cable bolts are shown in Appendix 3, in which all tested concrete cylinders were axially split and the effect of shearing on 

concrete medium were examined.  
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Figure 35: Strain gauges and LVDT measurements for the plain MW10 cable with 15 t of pretension load and without bulbs 

 

 

Figure 36: Strain gauges measurements for spiral MW9 cable bolts with 15 t of pretension load and without bulbs 
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Figure 37: Bending in plain MW10 cable bolt with 0t pretension load during the test. Note the deformation of the protruding 

length of the cable due to differential loading of the wires 

4. 5 Mode of failure of Cable bolt’s 

Cable samples retrieved from the shearing rig after shear testing were visually examined for the mode of wires failure in 
each cable strand. As shown in Figure 38a.  The mode of wire failure in a strand was mostly a combination of shear and 
tensile stress and some wires ended in pure tensile stress failure. The characteristic of the single shearing rig was that the 
left side of the tested rig was fixed and did not move vertically, leaving the right side to be moved vertically down to shear 
the cable. The presence of a ‘cup’ and ‘cone’ on some wires of the strand suggests that the wires failed in tension,  while 
other wire’s failed with a  smooth inclined angle which was attributed to the combination of tensile and shear failure. Table 4 
shows the calculated results of tensile and shear failure area in wires of all tested cable bolts. The tensile failure in any wire 
of the strand cannot be 100% as the cable was not pull tested, but suffice to suggest that tensile failure in the wire, due to 
bending,  will always be accompanied by an element of shear. Figure 38b shows the wires of the debonded cable being 
pulled out due to excessive shear displacement. A closer examination of all tested cables listed in Table 3 shows that all 
debonded cables appears to undergo a vertical shear displacement greater than 50 mm, while post-test fully bonded cable 
shear displacement were less than 50 mm. Clearly the level of displacement when a cable failed was dependent on the 
cable strength, host medium strength and the strength effectiveness of grouting. It is worth mentioning that, because of the 
long term duration of testing of various cables it was propitious to use the same personnel for testing. Appendix 2 shows the 
modes of wires failure of all tested cable in this programme. 
 

       

       
 

Figure 38 b: Debonded cable wires pulled out due to 

excessive shear loading displacement.  

Deformed 
protruding 

cable end 

Figure 38 a: Cable bolts failure in tensile and a 
combination of tensile and shear stress 
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Table 4: Tensile and shear failure area in wires of cable bolts 

Test 

No. 

No. of wires failed in 

tension  

No. of wires failed in 

tension and shear 

Failure area in 

tension (mm2) 

Failure area in 

shear (mm2) 

1 3 7 250.0 134.6 

2 3 7 250.0 134.6 

3 3 7 250.0 134.6 

4 6 3 288.5 57.7 

5 2 7 211.6 134.6 

6 4 5 250.0 96.2 

7 2 7 231.6 143.2 

8 5 4 295 79.8 

9 6 3 288.5 57.7 

10 5 4 269.3 76.9 

11 4 5 250.0 96.2 

12 0 9 173.1 173.1 

13 3 6 230.8 115.4 

14 2 7 211.6 134.6 

15 NA. NA. NA. NA. 

16 5 9 186.4 88.3 

 

4.6 Effect of rate of loading on the test results 

The rate of shear loading is an important factor which is likely to influence test results. The rates of shear loading in double 

shear tests, reported by (Aziz et al., 2014, 2015, 2016, and 2017; and Craig and Aziz, 2010) , were maintained consistent at 

less than 4 mm/min as  the compression machine used for shear testing was servo-controlled. However, in single shear 

testing, using MISSTR, the shear load was applied manually and depending on conditions and at times, the rate of shearing 

exceeded 12 mm/min. Table 3 showed the rate of loading in various tests, and in some tests the rate of loading was 

significantly higher, particularly in tests 1, 2, 4 and 11. This high rate of shear loading due to extreme acceleration of the 

hydraulic pressure appears not to influence the overall test results and with respect to cable bonding and debonding the 

strand wire surface roughness. 

Creep is the rheological aspect of the material due to the gradual rate of loading or mechanical stresses to deform the 

material permanently which decreases its strength. When the rate of loading is high, the sample fails with less creep and the 

final shear load might be higher compared with the sample with lower shear rate. Therefore, it is suggested to use a 

controlled system to fix the shear rate at a desirable value and generally less than 4 mm/min,                                             

similar to the tests carried in double shear reported by Aziz et al. (2015a, 2015b). It should be noted that under field 

conditions the rate of shearing may be low and at a macro-shearing loading rate. This slow rate of loading was recognised 

by Bliimel et al. (1997), who reported pull out tests values with respect to time of loading up to 32 hours at a displacement 

rate of 0.72 mm/hr. 
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5. DISCUSSION  

19 single shear tests were conducted on the 3.6 m concrete blocks to study the effect of cable type, surface profile type, 

pre-tension load, birdcage structure, bonding and debonding, and the failure mode of cable bolts. It should be recognised 

that shear testing of cable does not constitute a realistic way of assessing cable deboning. Realistically pull testing is the 

method of assessing cable debonding. From the current study the following information was noted:  

 Plain cable bolts have higher peak shear load compared with indented cable bolts. With the exception of MW9 and 

MW10 cables, roughening cable wires surface by indentation or spiralling causes a reduction in the cross sectional 

area and also the loss in weight and wire strength. Figure 38 shows the cross section views of both MW9 Spiral and 

MW10 Plain wires, with both wires of equal diameter of 7 mm. Figures 39 (a-d) shows the load displacement profile 

variations of the other manufactures cable strand wires.  

 

 

 

 

 

 

 

 

 

                 

Figure 39: MW10 plain and MW 9 spiral wires, with both wires of 7 mm in diameter (McKenzie and Sunny, 2015) 

 

 

 

 

 

 

 

 

 

Figure 40 a: Tensile load / elongation profiles of both MW plain and MW indented 7 mm wires  
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Figure 40 b: Tensile load / elongation profiles of both plain and indented 5.5 mm wires of the 21.7 mm cable 

bolts (Aziz et al., 2015a) 

 

Figure 40 c: Load displacement profile of plain and indented Minova Secura HGC bolts. Plain strand wire 

diameter 7.5 mm and Indented diameter 7.0 mm (Aziz et al., 2015c) http://ro.uow.edu.au/coal/560/ 

 

Figure 40 d: Jennmar cables wire load displacement tensile 5.5 mm J wires tensile failure tests 
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 Plain MW10 is superior in terms of resisted shear load. This is due to the increased number of wires in the strand to 

ten.   

 Plain wired strand cables were debonded for the tested cable encapsulation length of 1.8 m. Some debonded cables 

did not fail or snap. It is recommended to increase the embedment length or increase encapsulation length to greater 

than 1.8 m, to avoid debonding. 

 Debonded cable leads to an increase in displacement at peak shear load. Where a cable is debonded, with shear 

displacement of between 60 -120 mm then the failed cable behaves as being pulled to failure rather than being 

sheared. As a result wires tend to fail in tension or a combination of shear and tension with the failure in tension being 

predominant. Thus it is reasonable to suggest that increased displacement has influenced the nature of sheared wires 

failure in the strand. Generally, wires fail closer to shear/tensile state in comparison to failure in tension. Increased 

cable displacement causes cable wires to fail mostly in tension. Pure shear in cable wires occurs when the cable is 

guillotined, with wires being squeezed and with lower shear load as reported by McTyre and Evans (2017) 

 No debonding was observed in spiral and indented cable bolts because of the influence of increased interlocking in the 

cable/grout interface. 

 The failure modes in the cable bolt are the combination of tensile and tensile /shear failures. No strand wire failed in 

pure shear. 

 In general, the failed strand peak shear load was lower with increased pretension load in a bonded condition in shear. 

Higher pretension load causes the cable to stiffen and fail with lower vertical shear displacement. 

 Pure cable failure in shear can be achieved by guillotining of the cable against steel as per the method suggested by 

McTyre and Evans, (2017). The resultant shear load in this sort of shearing is significantly low as compared with the 

shear failure of cables against rock or a composite medium of similar characteristics as rock. 

 The role and influence of using bulbs was inconclusive because of the limited number of tests undertaken in this study. 

This aspect of study should be further evaluated with more tests. However, it is suffice to suggest that, based on the  

exposed surface of the axially cut concrete cylinders the increased local diameter of cables due to bulbing has exerted 

significant crushing force in the surrounding concrete medium, which indicates the positive role that bulbs play in 

resisting cable shearing displacement and hence debonding as shown in Figure 34.  

 No realistic conclusion can be drawn about the effect of a single parameter on the shearing behaviour. The variable 

parameters considered are cable lay length, bulbing, rate of loading, wire smoothness (plain) or roughness (indented 

or spiral). 

 It appears that reducing the rate of loading provided consistent results. It is accepted that the rate of loading of less 

than 4 mm /min is a reasonable rate for testing.   

It should be recognised that a realistic cable debonding per encapsulated length can best be determined by pull testing and 

not by shearing. As various tests demonstrated the excessive displacement of a cable during the shearing process makes it 

behave as if the strand failure is in tension rather than in shear. This is demonstrated by the fact that most wires fail in 

tension with snapped a failed surface which is typically characterised by cone and cup failure, as shown in Figure 41 and the 

failure of the debonded cables.  
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Figure 41: cone and cup failure of wires in a debonded cable  

6. NUMERICAL MODELLING 

6.1 Model construction 

Fast Lagrangian Analysis of Continua (FLAC) is a two dimensional numerical modelling software used by geotechnical, 

civil, and mining engineers for advanced geotechnical analysis of soil, rock, groundwater, and ground support. FLAC 2D 

was used in this study to simulate the shear performance of fully grouted cable bolts subjected to single shear testing.  

FISH programme (a programming language embedded within FLAC) was used to determine the shear strength of the 

cable bolt as a function of relative shear displacement. The indented SUMO (ID-SUMO) cable bolt with 0 kN pretension 

load subjected to single shear test is simulated in this part. The grid was prepared with 360 grids in the ‘x’ direction and 

25 grids in the ‘y’ direction. The cylinder with dimensions of 3.6 x 0.25 m was created and then it was split into two by 

defining one joint to represent the two cylinders of the single shear system. Then the cable bolt was introduced to the 

model with constant y value at 0.125 m and length of 3.6 m. The material properties of concrete cylinders and the cable 

bolt were defined in FLAC. 90 segments with 91 nodes created for the cable bolt. The FISH function was used in the next 

stage to measure the shear force created in the sample.  

The UCS test had been conducted for the concrete samples after 28 days and this value was measured as 40 MPa. Thus, 

fc
′ is 40 MPa for concrete cylinders strength.  The elastic modulus of concrete was calculated by: 

E= 4700 √fc
′ = 29.72 GPa (Wilde et al., 2012)                        (1) 

where ϑ = 0.2 

The bulk modulus (k) and shear modulus (G) were determined by the following equations: 

k =
E

3(1−2ϑ)
                    (2) 

G =
E

2(1+ϑ)
                    (3) 
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The joints were only created by the null function in this simulation because there was no contact between concrete blocks 

and it was unnecessary to assign a model for the joints.    

The amount of normal  force was not high as no barrel and wedge system was used for single shear tests. The  material 

properties used in the model are shown in Table 5. Modelling simulations and results are summarised in Figures 42 to 44. 

Figure 42 shows the modelling simulation considering four concrete cylinders of 3.6 m length totally in the single shear test. 

Figure 43 shows the good agreement between experimental results and modelling simulation. Figure 44 shows the shear 

stress contributions in the concrete blocks in the British Standard test. 

Table 5: Model properties of the indented SUMO cable bolt subjected to single shear test 

Concrete materials 

Bulk modulus 23.56 x109 Pa 

Shear modulus 16.94 x109 Pa 

Density 2400  kg/m3 

Cable bolt properties 

Area 3.39x10-4 m2 

Second moment of Inertia 2.83x10-8 m4 

Yield load 568 x103 N 

 Grout properties 

Shear cohesion                 1.75 x105 Pa 

Shear stiffness                    1.12 x107 Pa 

Normal cohesion          1 x107 Pa 

Normal stiffness   1 x108 Pa 

 

Figure 42: Simulation of fully grouted cable bolt subjected to single shear test  
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Figure 43: Comparison between the shear load versus shear displacement for the experimental data and modelling 

simulation for single shear test 

 

Figure 44: Shear stress contributions in the concrete blocks subjected to single shear tests in 100 mm displacement 
 

The performance of cable bolts was simulated using FLAC 2D. The properties of cable bolts, boundary conditions and 

loading were introduced precisely. The model was able to simulate the shear load versus shear displacement of different 

stages of loading. The results show that the FLAC 2D is capable of simulating the shear behaviour of cable bolts.  
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6.2. Application of the model to stability analysis of underground roadways 

This section is intended to show the application of two dimensional Finite Difference methods in practical problems. The 

single shear testing numerical model presented in the previous section was used to simulate cable bolt resistance to 

shearing during analysis.  Stability analysis of an underground roadway in layered rock mass, was carried out in FLAC 2D 

by extending the FISH subroutine program. The modelled roadway is a rectangular opening constructed with dimensions of 

6.5 m × 4.5 m.  The rock mass was modelled using the Mohr constitutive model based on strata rock mass formation 

properties as listed in Table 6. A joint set with constant spacing of 4.5 m was created and extended in the rock mass. The 

Mohr Coulomb constitutive model with the properties as given in Table 7 was used to represent load transfer mechanisms 

along the joint set. The model configuration is shown in Figure 45. 

Table 6: Relevant rock mass properties   

Rock type Density 
(kg/m3) 

Bulk modulus 
(Pa) 

Shear modulus 
(Pa) 

Friction angle 

(⁰) 
Cohesion 
(Pa) 

Tensile strength 
(Pa) 

Sandstone 2500 6.9E9 4E9 35 2E6 1E6 

Siltstone (weak) 2500 6E9 4.8E9 30 0.1E6 0.5E6 

Coal(weak black 
friable) 

1300 2.5E9 1.1E9 25 0.1E6 0.1E6 

 

Table 7: Relevant joint properties   

Normal stiffness (N/m) Shear stiffness (N/m) Friction angle (⁰) Dilation angle  (⁰) 
1.4E10 1.4E10 30 6 

 

The vertical and horizontal in situ stresses were assigned as 10 and 20 MPa respectively. The bottom boundary was fixed 

and thus prevented from moving in the vertical direction. Subsequently, the model was allowed to reach an equilibrium 

conditions under the prescribed boundary loads and conditions. Once the model reached an equilibrium state, the roadway 

was constructed. Figure 46 shows the variation in displacement at the top and centre of the roadway with the number of 

cycles. It is noted that the roof has not attained equilibrium after displacement of 0.54 m without any support elements. 

 

Figure 45: Numerical model configuration (dimensions in meter) 
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Figure 46: variation in displacement at the top and centre of the roadway with number of cycles 

The stability analysis was repeated with the application of six vertical rock bolts and two ten degree angled cable bolts to 

support the roof as shown in Figure 47. The rock bolts and cable bolts were modelled using rock bolt structural elements 

with properties as listed in Table 8.  

 

Figure 47: Roadway supported by rock bolts and cable bolts (dimensions in meter) 

Table 8: Relevant structural element properties   

Type Elastic 
modulus (Pa) 

Area 
(m2) 

Cohesion (Cs-s) 
(N/m) 

Stiffness 
(Cs-s) 
(N/m2) 

Yield strength 
(Pa) 

Moment inertia 
(kg.m2) 

Cohesion (Cs-n) 
(N/m) 

Stiffness (Cs-n) 
(N/m) 

Friction angle 

(Cs-n) (⁰) 
Plastic moment 

(N.m) 
Tensile 

strength (Pa) 

Rock 
bolt 

205E9 5E-4 8E5 1.5E10 5E5 - - - - - - 

Cable 
bolt 

95E8 3.3E -
4 

1.75E5 1.12E7 630E5 2.83E  -8 1E7 1E8 45 1.15E4 9.3E-2 
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Figure 48 shows the variation in displacement at the top and centre of the supported roadway with the number of cycles. It is 

observed that the roof has attained equilibrium after approximately 55 mm of displacement with application of the support 

system. In order to simulate the effects of longwall mining on roadway stability, a 4.5 m thickness of coal layer was 

sequentially extracted. Figure 49 shows the deformation vector with the maximum magnitude of 1.5 m (in the longwall 

extracted zone) after extraction of the coal layer where noticeable convergences were observed at the roof and sides of the 

road way due to stress redistribution.  

 

Figure 48: variation in displacement at the top and centre of the supported roadway with the   
number of cycles 

 

Figure 49: variation in displacement at the top and centre of the supported roadway with number of cycles (dimension in SI, 

maximum value 1.5 m) 
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The horizontal displacement vectors on cable bolt elements are shown in Figure 50. The maximum magnitude of horizontal 

displacement was numerically calculated as 129 mm. As expected a significant amount of horizontal displacement is 

observed along the cable bolts due to coal extraction. 

 

 Figure 50: Horizontal displacement vectors on cable bolts elements (dimension in SI, maximum value 129 mm) 

It is concluded that the finite difference based FLAC software is capable of simulating underground roadway stability, 

supported by both rock bolts and cable bolts. The large scale horizontal deformation on cable bolt elements as experienced 

in the field was captured by the model. The simulation was limited to two dimensional analysis. It is recommended to carry 

out a comprehensive numerical study in three dimensions to classify the most optimum support system for various strata 

conditions.     
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7. CONCLUSIONS AND RECOMMENDATIONS 

 Shear testing of various cable bolts using MISSTR was a correct method of evaluating the shear properties of 

various cable bolts. The methodology enabled researchers to shed light on the effectiveness of cable installation 

bonding. 

 The confinement of concrete cylinders with steel clamps prevented radial cracking of the concrete cylinders for an 

effective cable shearing process, with other parameters being equal including cable wires surface finish 

 Under the same test condition, plain cables were found to debond much more readily in comparison with rough 

/indented cables for given cable encapsulation length.  

 For the given encapsulation length of 1.8 m and Irrespective of cable type (SUMO, TG 28 MM, Superstrand, 

MW10) and strength all plain wire cables readily debonded. 

 Debonded cable causes an increase in peak shear load displacement. Excessive shear displacement yields higher 

peak shear loads, approaching the tensile strength of the tested cable, as the sheared section of the cable behaves 

as if it is being pulled apart. More wires in the strand failed in tension as a result of increased shear zone cable 

travel due to debonding. 

 The failure modes in cable bolts strand wires were mostly a combination of tensile and tensile /shear failures. No 

strand wires failed in pure shear, demonstrating that testing of cable for shear will never be achieved in full shear. 

Increased cable strand wires failure in tension is a clear demonstration of the fact that the cable sheared section  

led to near tensile shear failure.   

 Pure cable failure in shear can be achieved by guillotining of the cable against steel as per the method suggested 

by McTyre and Evans, (2017). The resultant shear load in this sort of shearing is significantly low as compared with 

the shear failure of cables against rock or a composite medium of similar characteristics of rock. 

 No debonding was observed in spiral and indented cable bolts because of the influence of increased interlocking in 

the cable/grout interface. 

 In general, the failed strand peak shear load was lower with increased pretension load. Higher pretension load 

causes the cable to stiffen and fail with lower vertical shear displacement. 

 Not all debonded plain cable strand wires failed or snapped for the given cable encapsulation length of 1.8 m. 

 Failed strand peak shear load was lower with increased pretension load in un-debonded condition. The peak shear 

load failure of un-debonded cable was lower with increased pretension load.  Higher pretension load causes the 

cable to stiffen and fail with lower vertical shear displacement. 

 No realistic conclusion can be drawn about the effect of one factor among several factors during shearing of a 

cable. The variable factors considered are cable lay length, bulbing, rate of loading, wire smoothness ( plain) or 

roughness ( indented or spiral)  

 No realistic conclusion was possible on the effect of bulbing as the number of tested bulbed cables were 

insufficient.  

 Given the number of variables associated in the shearing process, it appears that reducing the rate of loading 

provided consistent results. It is accepted that the rate of loading of less than 4 mm /min is a reasonable testing 

rate. 

 The extent of debonding will dictate the pattern of failure.  Excessive debonding and pulling out of individual wires 

would be likely to contribute to failure in tension with increased cone and cup rather than shearing alone. The 

failure of cable as a result of a combination in shear and tension is characterised with cut wire surface being 

inclined at an angle. 

 Modelling simulation demonstrated that the finite difference based FLAC software is capable of simulating 

underground roadway stability, supported by both rock bolts and cable bolts. The large scale horizontal 

deformation on cable bolt elements as experienced in the field was captured by the model. The simulation was 
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limited to two dimensional analyses. It is recommended to carry out a comprehensive numerical study in three 

dimensions to classify the most optimum support system for various strata conditions.    
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APPENDIX 1  

Coal Operators Conference 2016  

Mechanical Properties of Grouts at Various Curing Times 

Ali Mirza, Naj Aziz11, Wang Ye and Jan Nemcik 

ABSTRACT: The uniaxial compressive strength, elastic modulus and creep of two commonly used grout products in Australian coal 

mining industry, Jennmar Bottom-Up 100 (BU100) and Orica Stratabinder HS were studied. A 50 mm cube mould was used to cast 

samples. The Uniaxial compressive strength of the samples with curing time, ranging from 1 to 28 days was determined, using an Avery 

compression testing machine. Secant, tangent and 50 kN range elastic modulus of grout products were investigated under cyclic loading 

at a 1 mm/min loading rate. Both strain gauged and non-strain gauged samples were tested for determination of the elastic modulus in 

compression. Strain gauged samples were prepared to evaluate creep values of BU 100 and Stratabinder HS under 100 kN 

compression load for 15 min. It was found that Stratabinder HS had higher uniaxial compressive strength and elastic modulus after a day 

of curing in comparison to BU 100. Stratabinder HS showed lower creep values by 0.04% when compared with BU 100. 

INTRODUCTION 

Application of cable bolts as a common secondary support system to reinforce incompetent strata in Australian underground coa l mines 

goes back to the 1970s. Cable bolts, unlike ordinary rebar bolts, are mostly installed using cementitious grouts. Recent developments in 

cable bolt design have increased the crucial role of grout products to act as a stable interface between the cable bolt and surrounding 

rocks with the aim of keeping the underground openings safe and stable for a long period of time. 

Cable bolt failures have been observed in various Australian underground coal mines with no evidence of strand rupture. These failures 

can be attributed to installation practices and premature failure of grout. Encapsulated cable bolts provide an effective support system 

over a very large span for blocks and wedges formed in roofs or walls of excavations. The cable bolt reinforcement system consists of 

four main components as: 

 Strands 

 Barrel and wedge 

 Grout 

 The rock 

The above mentioned components interact with each other to transfer the load of loose strata to deeper and more stable rock s tructures. 

Any defects or possible overload in components may deteriorate the whole support system, leading to failure. Therefore, it is of outmost 

importance to determine the mechanical properties of components, delineating the maximum load at which the whole cable bolt support 

system can stay in one piece without failure. A series of experimental studies was carried out to investigate the Uniaxial Compressive 

Strength (UCS), Elastic modulus (E) and creep of two commonly used grout products in the Australian coal mining industry. 

There are two main research studies in literature concerning the mechanical properties of resin and grout. The first one was carried out 

by Aziz et al. (2013a, 2013b, 2014a) with the aim of establishing a general practice standard for determination of mechanical properties 

of resin used mostly for rebar bolt encapsulation. The study included determination of UCS, E value in compression, shear strength and 

rheological properties. Mechanical properties were examined at the University of Wollongong laboratory in relation to resin sample 

shape, size, height to width or diameter ratio, resin type, resin age and cure time. The following main conclusions were reported from this 

investigation: 

                                                         
1
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 The UCS values determined from various shaped samples differed with respect to the sample shape and size and height to 

diameter ratio. 

 Typically, the UCS values were highest for 40 mm cubes and 40 mm diameter cylindrical sample with height to diameter ratio 

of two. 

 The ratio between cube strength and cylinder strength varied from 1.1 to 1.3. 

 The E value increased as the resin sample curing time increased from 7 to 21 days. 

 The cube samples exhibited higher E values in comparison to cylindrical specimens at various curing time. 

 Similar to UCS values, the average shear strength increased with larger sample curing time. 

 Cube samples were suggested as a universal shape for testing resin products as they can be easily prepared and tested. 

A comprehensive report on the above study was further published by Aziz et al. (2014b) through the Australian Coal Association 

Research Scheme (ACARP) organisation. The second research study in this area was performed by Hagan and Chen (2015) at the 

School of Mines, University of New South Wales. The Stratabinder product was selected as a grout material due to its low shrinkage and 

low viscosity. The UCS values of cube and cylindrical samples at different water to cement ratio were investigated, and it was found that: 

 Cube samples provided higher UCS values when compared to cylindrical specimens, and. 

 Strength of the Stratabinder material varied with water to cement ratio, showing a reduction trend with increase in the water 

quantity. 

SAMPLE PREPARATION AND EXPERIMENTAL PROCEDURE 

Two types of grout product, Jennmar Bottom-Up 100 (BU100) and Orica Stratabinder HS were selected to prepare samples. Samples 

were cast using the 50 mm cube mould with mixing ratios of 5 and 7 litres / bag by weight of grout to water, respectively. During sample 

preparation mild vibration was applied to the mould to release any entrapped air. Samples were then left undisturbed to cure at the room 

temperature for 1, 7, 14 and 28 days. Also Shown in Figure 1 is the effective process of mixing grouts for cube casting. A Un iversal 50 t 

Instron and a 90 t Avery conventional compression testing machine were used in the various tests. 

EXPERIMENTAL RESULTS AND DISCUSSION 

Uniaxial compressive strength (UCS) 

More than 18 compression tests were carried out on prepared samples at 1, 7 and 28 days curing time. Some tests were repeated  to 

ensure accuracy of the collected data. Figure 2 shows one day old, 50 mm cube samples of BU 100 and Stratabinder HS grouts. The 

average UCS values of BU 100 and Stratabinder HS samples at different curing times are presented in Figure 4. It appears that the UCS 

strength of BU 100 and Stratabinder HS increased  with longer sample curing time from 1 to 28 days. In general, Startabinder HS 

samples failed at higher compression loads than those of BU 100. The exception was one day cured speciments whereby BU 100 

performed better. All samples failed in compression tests along shear planes as a result of combined axial compression and transverse 

extension (Figure 5).  

 
 

Figure 1: [left] a close view of 50 mm cube mould [right] smooth and consistent slurry 
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Figure 2: Prepared samples at 1 day curing time [left] BU 100 [right] Stratabinder HS 

The UCS values of one day old BU 100 and Stratabinder HS samples are shown in Figure 3. The obtained UCS values varied between 

45.46 and 54.18 MPa and 40.09 to 43.2 MPa for BU 100 and Stratabinder HS respectively.  

  

Figure 3: UCS values at one day curing time of (A) BU 100 and (B) Stratabinder HS 

 

(B) 

B 

(A) 
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Figure 4: UCS strength of BU 100 and Stratabinder HS at various curing time 

 
 

Figure 5: Sample after compression testing (A) BU 100 and (B) Stratabinder HS  

Modulus of elasticity in compression (E) 

In the determination of E values, samples were subjected to a cyclic loading program for three repetitive cycles, at loading rate of 1 

mm/min (Figure 6). The maximum load at each cycle was limited to about 80% of the failure load. After three loading cycles, the 

prescribed load increased monotonically until failure. Both strain gauged and non-strain gauged samples were tested at 14 days curing 

time. Three methods (secant, tangent and 50 kN loading range) were used to calculate E values as described by Aziz et al. (2014a and 

b). 

Figure 7 presents elastic modulus where strain values were obtained using the Instron machine for BU 100 and Stratabinder HS 

products. The E value for both products was found to range between 2.63 to 4.33 GPa. Stratabinder HS showed higher E values when 

compared with BU 100. The maximum difference between E values of BU 100 and Stratabinder HS products is 0.98 GPa in tangent 

elastic modulus while minimum difference is 0.19 GPa in the 50 kN range method. 

 

Figure 6: Typical loading program on Stratabinder HS sample 

Table 1 compares the elastic modulus in compression where strain values were recorded through strain gauges and Instron machine. It 

is observed that E values obtained from strain gauges are higher than those of the Instron machine. This is because the stra in gauge 

(A) (B) 
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measures displacement in the middle of the sample unlike the Instron machine, which records total sample height compression. Similar 

results were reported by Aziz et al. (2014a) for resin products.   

Creep property 

Creep is a measure to represent deformation under the influence of mechanical stress which is less than the yield stress. Strain gauged 

samples of BU 100 and Stratabinder HS with curing time of 42 days were subjected to a constant compression load of 100 kN for 15 

min. The loading rate from 0 to 100 kN was set at 2 kN/sec. The creep was calculated as the percentage difference between strain 

values at the end of the test and the onset of 100 kN loading. 

Figure 8 shows measured strain values under the prescribed constant load of 100 kN compression load for BU 100 and Stratabinder HS 

samples. Three tests were carried out on each type, giving maximum strain values of 0.27 % and 0.22 % for BU 100 and Stratabinder 

HS respectively. Comparison between average creep values of BU 100 and Stratabinder HS is presented in Figure 9. Stratabinder HS 

offers higher resistance against constant load of 100 kN rather than BU 100. However, the difference between creep values of BU 100 

and Stratabinder HS is 0.04% which is not significant. 

 

Figure 7: Comparison between elastic modulus of BU 100 and Stratabinder HS products 

Table 1 Comparison between elastic modulus determined from strain gauges and the Instron machine 

Elastic modulus BU 100 - Gauge BU 100 - machine Stratabinder HS - 
gauge 

Stratabinder HS - 
machine 

Secant (GPa) 18.21 2.62 13.9 3.33 

Tangent (GPa) 26.84 3.33 26.84 4.31 

 

 

Figure 8: Creep test under 100 kN compression load for (A) BU 100 and (B) Stratabinder HS 

A B 
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Figure 9: Comparison between creep values of BU 100 and Stratabinder HS  

CONCLUSION 

The experimental study found that Stratabinder HS grout was marginally better than the BU100 grout for curing time of more than one 

day. For one day of curing time however, BU100 samples showed better performance. Experiments indicated lower elastic modulus 

values for BU100 when compared to Stratabinder HS under compressive cyclic loading. It was also observed that the elastic modulus 

determined by testing the samples using the Instron machine may have been influenced by the pronounced sample end effect, giving 

non-realistic low values. BU 100 showed higher creep value under a compression load of 100 kN for the duration of 15 min compared  

with Stratabinder HS. The difference between creep values of BU100 and Stratabinder HS products was not significant. Both products 

suit equally for cable bolt installtion in rocks for strata reinforcement.  
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APPENDIX 2 

-Tensile failure;         - Combination of tensile and shear failure 

1-MW10 Plain 0 bulbs 15t 

 
 

2-MW10 Plain 6 bulbs 0t   
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3-MW10 Plain 6 bulbs 15t  
 

4-MW9 Spiral  6 bulbs 0t  
 

 
5-MW9 Spiral  6 bulbs 15t  

  
6-MW9 Spiral  0 bulbs 15t   

 

 
7-Secura  0t  

 

 
8-Secura  15t  

 

 

 

 

 

 

-Tensile failure;        -Combination of tensile and shear failure 

 
9-Plain SUMO  0t 

  
10-Plain SUMO  15t 
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11-Indented SUMO  0t 

 

 
12-Indented SUMO  15t 

 

13-Indented TG  0t  

 
 

14-Indented TG  15t  

 

 
15-Plain Superstrand  0t 
(not all wires failed) 

 

 
16-Garford 0t 

 
 

   Figure A2: strand wires failure pattern for all tested cables  

 

 

 

 

 

APPENDIX 3 

Single shear testing of various cables using MISSTRLongitudinal view of cables 

 from axially cut concrete cylinders 



 

53 
 
 

 

 

             
              Figure A3-1: Axially cut encapsulated MW10, bulbed cable, Pretensioned 

 

Figure A3-2: Axially cut encapsulated MW10 bulbed cable, Pretensioned 
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Figure A3-3: MW10 plain, bulbed,15 t pretensioned cable bolt.    

 

           

Figure A3-4: MW9 Spiral, bulbed cable, zero pretension load 
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Figure A3-5: MW9 S, bulbed and 15 t pretension 

 

Figure A3-6: MW9 Spiral, un-bulbed and 15 t pretension 
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Figure A3-7: Secura HGC, bulbed and 0 t pretension 

 

 

Figure A3- 8: Secura HGC, bulbed and 15 t pretension 
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Figure A3-9:  SUMO Plain, bulbed, 0 t pretension 

 

Figure A3-10: SUMO Plain, bulbed, 15 t pretension 
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Figure A3-11: Indented SUMO, six bulbs and 0 t pretension load 

 

Figure A3-12: Indented SUMO, six bulbs, 15 t pretension 
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Figure A3-13: Indented TG, unbulbed, 0 t pretension 

 

Figure A3-14: Indented TG, unbulbed, 15 t pretensioned 

 

14
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Figure A3 -15: Plain Superstrand, un-bulbed, 15 t pretension  

 

 

Figure A3-16: Garford Plain, bulbed, 0 t Pretension 
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APPENDIX 4 

 

 

 

 

 

 

 

 

 

Figure A4 a: Cable end monitored with LVDT 
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Figure A4 b: Concrete cylinders casting at Russell Vale research laboratory, UOW 

 

 

Figure A4 c: Preparation for mounting 3.6 m long concrete/cable assembly on MISSTR 
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        Figure A4.d: Inserting grouted cable in the concrete cylinders onto MISSTR  

 

Figure A4 e: Megabolt single shear testing assembly post- test sheared Cable view 
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Figure A4 f: Members of the single shear testing team at Russell Vale Research depot standing in front of the MISSTR  


