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1.0 Introduction 

This report is based on observations from a site visit in November 2017 at the Dynamic Impact Tester facility 

in Johannesburg. The aim of the site visit was to explore the potential opportunities to use the rig for 

investigations on the performance of rock reinforcement units under impact loads.  

As more and more mines operate in deep and high stress conditions, it is necessary to develop successful 

strategies for managing mine induced seismicity. Such strategies include mine sequencing, pre-conditioning, 

non-entry protocols and the use of ground support capable of mitigating the impact of seismic loads.   

In seismic environments, the maximum loads and deformations, are well in excess of those experienced in  

comparable static cases. Furthermore, the installed ground support will have to absorb the energy released 

by the seismic event.  This has been the driving force for the development of ground support systems capable 

of high energy absorption. The use of impact testing rigs is one of the tools, complementing field 

observations, in quantifying the relative performance of different reinforcement and surface support 

elements.  

2.0 Impact Testing Rigs 

Hadjigeorgiou Potvin (2011) identified impact testing rigs that have been used at different times. Based on 

site visits, and review of technical information, a summary table was prepared aiming to clarify the somewhat 

incomplete or conflicting information in the public domain, Table 1. 

Table 1. Comparison of the impact testing rigs, after Hadjigeorgiou and Potvin (2011). 

Common Name Individual 

Reinforceme

nt Units 

Support Systems 

(panels) 

Props Max. Drop 

Weight 

(kg) 

Maximum 

Height of 

Drop (m) 

Maximum 

Energy 

Available 

(kJ) 

Maximum 

Impact 

Velocity 

(m/s) 

Terratek Short bolts 

up to 1.6 m 

N/A Props up 

to 1.6 m 

 0.6  3 

SRK Drop weight  

facility; Set-Up #1 

N/A 1.6 x  1.6 m  1048 

(2706) 

4 

4 

41.12 

(81.5) 

8.8 

(7.3) 

SRK Drop weight  

facility Set-Up #2 

Bolts and 

cable bolts 

N/A  1048 

(2706) 

4  20 

SIMRAC Dynamic 

Stope Test Facility  

N/A 3 x 3 m 

 

Props up 

to 2 m  

10 000 3 300 7.7 

GRC-Laurentian Steel Rod 

2.44 m long 

N/A N/A 48.494 0.3 0.14 2.43 

GRC-Creighton N/A 1.2 x  1.2 m diamond 

patterns; shotcrete 

panels 1.5 m x 2.75 m  

N/A 565 4 21.9 8.8 

NTC Bolts up to 

1.7 m long 

N/A N/A 1 000 2 20 1.5 

NTC-CANMET Bolts up to 

1.7 m long 

N/A N/A 3000 2 58.86 6.26 

WASM Bolts and 

Cables up to 

2.4 m long 

1m x 1m N/A 4500 6 225 10 

Wedge-Block 

Loading Device 

Bolts and 

Cables up to 

5.5 m long 

No No 10 000 4 390 8.9 

MIRARCO N/A 1.5 m x 2.7 m screen N/A 565  3 16.63 7.67 
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The majority of the testing rigs in Table 1, were constructed and used for project specific purposes, and are 

no longer in operation.  The CanmetMINING rig, referred to as NTC-CANMET in Table 1, has recently been 

modified and upgraded. A further significant development is the construction of the Walenstadt testing in 

Switzerland, Roth et al (2014). This rig can be used to test a ground support system, as opposed to a rock 

reinforcement element or a surface support unit. The rig has been used to test high tensile chain link mesh 

as a larger panel of surface support interacting with four bolts. These large-scale tests demonstrated that the 

amount of energy absorbed by each element (bolts and mesh) of the system depends on the type, stiffness 

and the behavior of the set-up used to simulate the rock mass. The Walenstadt rig, however, is a more 

complex testing rig, requiring greater preparation times and interpretation of the results.   

In the mining industry, the focus in recent years has been on the comparative testing of rock reinforcement 

elements under impact loads. It is usually expected that, prior to in situ trials of new reinforcement elements,  

they are tested under controlled laboratory conditions. Since 2011, however, only the WASM and 

CanmetMINING testing rigs have been used, on a relative frequent basis, to investigate the behavior of rock 

bolts under impact loading. The recent commissioning of the Dynamic Impact Tester (DIT) in Johannesburg 

is a welcome addition and provides opportunities to investigate the behaviour of rock reinforcement systems 

under impact loads.  

 

3.0 Dynamic Impact Tester (DIT) 

The Dynamic Impact Tester was commissioned in late 2017 and is now fully operational and accessible in 

Johannesburg. The specifications of the rig are described in Engineering Services (PTY) Ltd (2017). The site 

was visited in November 2017, and a series of tests were undertaken during the visit. This included 

observations on the sample preparation, testing, analysis and interpretation of results. Figure 1 is an overall 

view of the DIT rig. 

         

Figure 1. The Dynamic Impact Tester (DIT). 
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The DIT closely resembles the configuration of the updated CanmetMINING testing rig, Table 2. Both testing 

rigs use the same principle of a free fall of a mass, while the WASM rig, described by Player et al (2008) relies 

on the momentum transfer principle.  Both testing rigs are suitable for testing rock reinforcement elements 

using either the split tube or continuous tube configurations, Figure 2 and Figure 3. In the split tube 

configuration, the strike plate is welded to the outer tube, while in the continuous tube configuration the 

strike plate is bolted to the rock bolt, consequently the force is applied directly to the rock anchor. 

Table 2. Comparative Specifications of the DIT and CanmetMINING rig. 

Specification Description  Dynamic Impact Tester (DIT) CanmetMINING Rig 

Max Drop Height  2.1 m 2.0 m 

Minimum Drop mass  551 kg 447.10 kg 

Maximum Drop mass  3,171 kg 2897.35 kg 

Height of Structure  8.2 m 4.91 m 

Maximum Length of Bolt 3.9 m 2.40 m 

Max impact velocity 6.42 m/s 6.26 m/s 

Maximum Energy available 65 kJ 56.85 kJ 

 

 

Figure 2. Split Tube Test Specimen, after Epsilon (2017). 

 

Figure 3. Continuous Tube Test Specimen, after Epsilon (2017). 

 

The DIT rig is very well instrumented. Its current set up requires that it complies with the specifications listed 

in Table 3. Data acquisition requires a minimum of 12 analog input channels and 10 digital I/O channels. The 

commercially available LabVIEW VI and LabVIEW Vision are used for user interface and image processing.  

Table 3. Instrumentation requirements for the DIT rig, after Engineering Services (2017). 

Testing Parameter Specifications 

Accuracy of Drop Height measurement ± 2 mm 

Maximum Measurable Impact force 800 kN 

Resolution of force measurement 1 kN 

Minimum Data Capture and logging rate 10 kHz 

Logging Period 10 sec 

Resolution of deflection measurement ± 1 mm 

 

4.0 Research Opportunities 

It is recognized that none of the constructed impact testing rigs listed in Table 1, or any others fully capture 

the rockbursting phenomenon. However, the objective of the testing rigs is to provide a consistent and 
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repeatable means of comparing the performance of different rock reinforcement systems. The main 

advantage of the drop test approach, to investigate the performance of ground support, lies in its capacity 

to perform a relatively large number of tests at reasonable cost, without interfering with mining operations. 

In this context, the DIT is a well-designed and instrumented rig that can provide useful information for quality 

control and development of new design.   

Based on a series of tests undertaken during the site visit in November 2017, there are several research 

opportunities available using the DIT rig.  These include the following: 

a) Expand on the available database of impact testing results reported by Hadjigeorgiou and Potvin 

(2011), and Doucet and Voyzelle (2012). Given the similarities in the testing configuration between 

the CanmetMINING rig and the DIT there is an opportunity to develop further the compilation of 

impact testing results provided by Doucet and Voyzelle (2012), Figure 4. 

 

Figure 4. Compilation of dynamic testing results after a single impact load at the CANMET rig, after Doucet and 
Voyzelle (2012). 

 

b) Further investigate the influence and interaction between rock bolt plates, nuts and rock bolt rods. 

In effect the compatibility between different rock bolt-plate-nut configurations. 

 

c) Comparative performance of resin vs cement grout rock bolts of the same configuration and steel 

quality. 

 

d) Address and investigate the role and influence of confinement on the performance of rock bolts 

under impact loads. This is related to the pipe/steel tube diameter and thickness and consequently 

stiffness, on test results. 
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