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Review summary 

1 Evaluation of New Concept Mining Dynamic Impact Tester within 
the context of the purpose of drop test facilities 

Several dynamic testing facilities and, in particular, drop test facilities, have been constructed and 

operated for several decades. A review of these is given by (Hadjigeorgiou and Potvin 2007) and 

Hadjigeorgiou and Potvin (2011). Mikula and Brown (2018) rightly point out that no laboratory test 

can reproduce underground loading conditions and other factors influencing the ground support 

system behaviour. This, however, is not the purpose of laboratory drop tests. The relative ease of 

performing these tests, the repeatability and quality of instrumentation that can be achieved by these 

tests make them an invaluable part of the ground control process contributing to: 

 Comparative test studies. 

 Obtaining quantitative characteristic values for ground support specification. 

 Research and development. 

 Quality assurance and quality control. 

During the manufacturing process, routine tests are necessary for quality assurance. For dynamic 

ground support, quality assurance tests should include repeatable dynamic tests. For this purpose, 

New Concept Mining (NCM) employs a drop test facility, described in this report. The NCM Dynamic 

Impact Tester (DIT) is well-suited for this purpose with a high level of repeatability ensuring that 

anomalies in test results can be directly attributed to the tested sample. 

Different products on the market each perform differently under varying loading conditions. For 

product comparison, characteristic performance values are necessary to enable the industry to 

properly evaluate different products and select the appropriate product for the local mine conditions. 

Mikula and Brown (2018) argued for several different characteristic performance parameters but 

there is currently no consensus in the industry as to which parameters should be obtained and 

specified for different products. The test procedure described in the next section produces repeatable, 

clearly identifiable and meaningful characteristic performance values under axial impact loading. 

Test facilities like these, with repeatable test procedures and reliable instrumentation, allow for the 

in-depth investigation of dynamic behaviour. The NCM DIT allows for some flexibility to perform non-

standard tests to facilitate further research and development. 
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2 Conclusion of the review 

I have reviewed the NCM dynamic testing facility in Johannesburg, South Africa, the detail of which is 

provided in this report. The review is performed within the context of the purpose of laboratory drop 

test facilities. 

Following this review, I conclude that the NCM dynamic testing facility in Johannesburg is well 

designed and operated at a high standard. The instrumentation installed on the facility is of a high 

standard and the accuracy and precision of the measurements are high enough for test purposes and 

measurement errors are negligible. Instrument maintenance and calibration are performed 

systematically and the maintenance and calibration regime is adequate. Data acquisition and the 

storing and securing of data is done according to prescribed systems implemented under ISO9001 

standards accreditation. Data processing is performed with verified software routines and standard 

test result values systematically reported. 
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Review of the Dynamic Impact Tester 

1 Physical description 

The NCM DIT is a drop test facility located at the NCM premises in Johannesburg, South Africa. The 

facility is used to perform dynamic load testing on rockbolts. A conceptual schematic drawing of the 

DIT is shown in Figure 1. A weight (1) is dropped from a predetermined height (h) and connects with 

an impact plate (2). This impact plate is connected to the host tube containing the test specimen (3) 

which is, in turn, connected to the test frame (4). The downward movement of the weight is resisted 

by the test specimen until the weight comes to a halt, or the total capacity of the tested rock 

reinforcement is exceeded. 

 

1 5 

2 

h 

6 

3 
5 

 
Figure 1 Schematic of the Dynamic Impact Tester facility 

The structural frame of the DIT is about 8.2 m in height. Two rails (5) are mounted vertically on the 

inside of the structural frame as guides for the low friction wheels of the weight trolley (1). The 

0.7 m × 1 m ×1 m weight trolly can hold different configurations of 50 mm and 25 mm high steel plates 

to make up a desired total drop weight. A hole at the centre of the trolley and weights allows it to fall 

freely without interfering with the test specimens until it is arrested by the impact plate. 
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Rock reinforcement is installed in a steel host tube fastened to the top of the structural frame hanging 

down through the hole in the weight trolley. During the test, only an axial load is applied to the test 

specimens and a guide trolley (6) fastened at the bottom of the test specimen limits unwanted out-

of-plain movement. 

The weight is lifted with an electromagnet allowing for smooth and easy quick-release. 

Through instrumentation of the test specimens load, displacement and time are recorded. With this 

data, load and energy absorption can be obtained with respect to time and displacement. 

2 Test specimen boundary conditions 

Bolts are installed inside a steel host tube with a similar anchoring mechanism as it would be installed 

within the field, i.e mechanical anchor, grout or resin. The confining stiffness of the surrounding 

medium, the rock mass underground or the host tube in the laboratory, influences the performance 

of the bolt. The confining stiffness of the host tube is dependent on the wall thickness. The host tube 

wall thicknesses can be controlled to achieve a confining stiffness in the test equivalent to a specified 

rock mass stiffness. This is discussed in more detail in Section 2.1. 

Rock reinforcement can be tested with three configurations, namely with continuous tube, split tube 

and multi-split tube tests. These three test configurations are discussed in Section 2.2. The three 

standard test configurations are chosen to test the bolt’s axial load carrying mechanism and 

performance representative of three different underground loading mechanism illustrated in Figure 2. 
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a) continuous tube test b) single split tube test 

 
c) multi-split tube test 

Figure 2 Conceptual underground axial loading mechanism represented by the three test 
configurations (Source New Concept Mining) 

2.1 Host tube thickness 

Depending on the anchoring mechanism of the bolt, the confining stiffness of the tube may influence 

the performance of the bolt. Figure 3 shows the relationship between the test tube inside diameter, 

outside diameter and desired equivalent rock mass stiffness for a steel tube with a Young’s modulus 

of 210 GPa and a Poisson’s ratio of 0.3. For these charts, a rock mass Poisson’s ratio of 0.15 was 

assumed. Table 1 summarises the equivalent rock mass stiffness for commonly used tube dimensions. 
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Figure 3 Relationship between host tube dimensions and the equivalent rock mass stiffness 

 

Table 1 Equivalent rock mass Young’s modulus for different combinations of inside and outside 
diameter steel host tubes 

 Rock mass Poisson’s ratio = 0.15 Rock mass Poisson’s ratio = 0.25 

ID 
(mm) 

OD (mm) OD (mm) 

76 63 58 56 52 76 63 58 56 52 

33 211 176 158 150 132 164 137 123 116 102 

36 196 157 137 129 109 152 122 107 100 85 

38 186 144 134 114 94 144 112 96 89 73 

40 175 132 110 100 80 136 102 85 78 62 

45 149 100 77 67 44 155 78 60 52 35 

66 43 - - - - 34 - - - - 

2.2 Host tube configuration 

2.2.1 Continuous tube configuration 

The continuous tube configuration is illustrated in Figure 4. In this configuration, the dynamic load is 

imposed directly onto the bolt through the faceplate. The host tube encasing the bolt is fixed to the 

loading frame and load and displacement of the bolt are resisted through the bolt anchoring 

mechanism available over the whole length of the bolt. 
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Figure 4 Schematic of loading arrangement for continuous tube test 
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2.2.2 Single split tube configuration 

The single split tube test configuration is illustrated in Figure 5. In this configuration, the host tube is 

split into two equal-length unconnected parts. The impact load strikes an impact plate connected to 

the lower tube. As the two parts of the host tubes separate, the bolt is loaded indirectly through the 

anchoring mechanism on either side of the split. Note that in this test configuration, the direction of 

loading for the bottom part of the test specimen is in the opposite direction than for the continuous 

tube test. 

 

 
Figure 5 Schematic of loading arrangement for the single split tube test 
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2.2.3 Multi-Split tube  

The multiple split tube test configuration is illustrated in Figure 6. In this configuration, the host tube 

is split in exactly the same way as for the single split test. However, the load is not transferred to the 

host tube but to the bolt through the faceplate, similar to the continuous tube test. 

 

 
Figure 6 Schematic of loading arrangement for the multiple split tube test 
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3 Test variables 

Test specimens can be subjected to a range of impact velocities and energy inputs. These two 

parameters are indirectly controlled by varying the mass of the drop weight and the drop height 

before impact. 

The minimum mass of the drop weight is that of an empty trolley, whilst the maximum mass of the 

drop weight – limited by the capacity of the electromagnet – is 3,216 kg. The maximum drop height 

of 2.1 m is limited by the frame height. The DIT specifications and limiting factors are summarised in 

Table 2. 

Table 2 Dynamic Impact Tester specifications and limiting factors 

Specification Value Limiting factor 

Maximum drop height 2.1 m Frame height 

Minimum mass 780 kg Mass of trolley  

Maximum mass 3,216 kg Capacity of the electromagnet 

Maximum bolt length 3.9 m Frame height 

Maximum impact velocity 6.4 m/s Maximum drop height 

Maximum input energy 65 kJ Maximum drop height and drop mass 

The mass of the drop weight is controlled by loading the trolley with 50 mm and/or 25 mm thick steel 

plates. The mass of each of the components making up the drop weight is summarised in Table 3. 

Table 3 Component of the drop weight 

Specification Value 

Trolley 780 kg 

25 mm plate 93 kg* 

50 mm plate 188 kg*  
*Average value 

The impact velocity is independent of the mass and is controlled only by the drop height whilst the 

energy input is controlled by both the mass and the drop height. The relationship between the test 

variables (impact velocity and input energy) and the control parameter (drop height and mass of drop 

weight) is shown in Figure 7 and Figure 8. A family of relationships between input energy and drop 

height are shown in Figure 7b and Figure 8. Each of these individual lines corresponds to possible mass 

and show the resolution to which this parameter can be controlled. 
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a) b)   

Figure 7 Relationship between impact velocity, drop height drop mass and input energy 
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Figure 8 Relationship between impact velocity and input energy 
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4 Sample preparation 

4.1 Sample naming 

To ensure that test samples can be traced back to its source and to avoid misallocation of test results, 

a standard specified sample naming is used. The sample reference – which is used to identify the 

sample within a batch – is punched into the plate-end of the bolt. Once the bolt has been installed in 

the host tube, the full sample name is written on the host tube with a paint pen. 

The sample naming standard described in NCM document 171121-P002-R00 contains information on: 

 The year,. 

 Sample reference. 

 Stock code. 

 Bar diameter and length. 

 Host tube type. 

 Whether grout or resin are used. 

4.2 Sample measurement 

Before testing, measurements are performed on the bolts to check the geometry and the results are 

recorded on a standard log sheet. Length measurements are performed to the nearest millimetre, and 

bar diameter and paddle widths are measured to the nearest 0.01 mm using a digital vernier. 

4.3 Bolt installation 

4.3.1 Resin bolts 

NCM uses a custom-designed automated bolt installation machine (Figure 9) for resin bolt installation. 

This machine simulates the installation process typically used in mechanised bolting operations. The 

automated bolt installation machine can accommodate host tubes of various diameters and lengths 

of up to 3 m. 

The trolley is fully retracted and the host tube is clamped firmly in the sample clamp at the toe-end of 

the tube. The resin is inserted into the tube and the bolt is fastened to the trolley tool. The 

automatically-controlled forward motion of the trolley and the rotation of the tool provide the 

necessary insertion and rotation actions based on pre-set values. 
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The machine's spin speed and insertion rate can be set to the required level. The default spin speed 

and insertion rate used for tests at this facility are as follows: 

 Spin speed = 300 rpm. 

 Rate of insertion = 4.0 m/min. 

The spin time and hold time is defined by the resin used and set by the machine operator. The spin 

speed insertion rate, spin time and hold time are checked by the operator and recorded on the 

standard test checklist. 

 
Figure 9 Automated bolt installation machine 

Before installation, the number of capsules required to provide a sufficient volume of resin for a 

successful installation is calculated. The volume of resin used is based on 110% of the volume of the 

void between the bolt and host tube. The host tube and bolt are arranged to leave a 30 mm gap 

between the bolt end and the far end of the tube when the bolt penetration is stopped. 

The capsules are manually inserted into the host tube before the automatic installation cycle is run. 

After installation, the sample is left for a curing time of at least one hour before further preparation 

for the drop test is performed. 

Detailed procedure documentation is provided in NCM document 171122-P007_R01. 

4.3.2 Grouted bolts 

Detailed procedure documentation of the different variations discussed here is provided in NCM 

document 171121-P004_R01. 

Grout is prepared in batches with 10 kg of Fast Cast cement. The cement and required water are 

measured off and the cement added to the water and mixed with a paint mixer until an even texture 
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has been reached. After bolt installation, the sample is left for at least two days of curing time before 

continuing with drop test preparation. The drop test is only performed after seven days but no later 

than 14 days. The dates of the grouting and the drop test are recorded on the test checklist and the 

time between grouting and testing is reported. 

The host tube is fixed into the grouting stand (Figure 10). The bolts are installed in the tube with the 

faceplate at the top. 

 

Figure 10 Grouting stand 

4.3.2.1 Grout-and-push 

The grouting hose is inserted into the host tube until it reaches the end of the host tube. The mixed 

grout is pumped with a peristaltic or Lategan pump into the host tube and the grout hose gradually 

extracting the hose as the host tube fills with grout. The bolt is inserted by hand into the grout filled 

host tube. 
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4.3.2.2 Push-and-grout 

The bolt is inserted into the host tube and the bolt pre-tensioned by tightening the nut until the load 

indicator collapses. The grouting nozzle is connected to the grout seat at the bottom of the host tube 

and the grout pumped until it exits through the breather hole at the top of the host tube. 

5 Instrumentation 

The drop tests are monitored with several instruments that are used to measure the following: 

 The drop height with time. 

 The dynamic load with time. 

 The plate-end displacement of the bolt with time. 

 The embedded-end displacement of the bolt with time. 

Each of these measurements is correlated with the same digital time signal to enable the direct 

correlation of the different measured components, e.g. dynamic load versus displacement. 

5.1 Drop height 

The drop height is measured to an accuracy of ±2.54 mm with a PT9150 string pot. The percentage 

measurement error in drop height and its effect on input energy and impact velocity is negligible for 

any practical drop hight capable of causing any level of damage to typical ground support. String pot 

measurement is verified with the use of a measuring tape whenever the string is replaced. 

5.2 Dynamic load 

The dynamic load is measured with three separate load cells mounted at different locations on the 

facility and specimens. Each of these loadcells comprises of four piezoelectric force sensors. These 

force sensors, PCB Piezotronics Model 205C, are suitable for this application. 

Calibration of the loadcells are performed by the manufacturer in the USA and can take up to six 

weeks. At any given time, three loadcells are used at the DIT while one loadcell is being recalibrated. 

When a newly calibrated loadcell is received from the manufacturer, it is swapped out for the loadcell 

with the oldest calibration certificate which is then sent for calibration. This ensures that each loadcell 

is calibrated at least once a year (manufacturer's recommendation) but this is generally done twice 

per year. 

The maximum prescribed use range of the load cells is 1,064 kN. This load is about 1.75 times the 

maximum load expected during drop tests and exceeds the design load of the structural frame. As a 
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result, the loadcells are used well within its design range and damage of the loadcells during a test is 

unlikely. The routine calibration performed by NCM is therefore, sufficient. 

The location of the load cells differs with different test configurations as shown in Figure 11. For all 

three test configurations, one loadcell is placed between the test frame and the test specimen. For 

the continuous tube and multi-split tube tests, another loadcell is placed between the drop weight 

and the faceplate. For the single split tube test, one loadcell is placed between the drop weight and 

the impact plate attached to the bottom section of the split tube. A third loadcell is placed between 

the bottom end of the host tube and the faceplate. 

 

 
a) Continuous tube test b) Singel split tube test c) Multiple split tube test 

Figure 11 Loadcell placement in different test configurations 

5.2.1 Influence of rubber liner 

When the drop weight strikes the impact plate directly, the steel on steel impact causes high frequency 

ringing which may damage the load cells. To mitigate this problem, a 24 mm (3 × 8 mm) rubber buffer 

is placed on top of the impact plate. 

Figure 12 shows the results from drop tests on 16, 24 and 32 mm thick rubber buffers respectively, 

whilst Figure 13 shows these results superimposed on the same chart. Also included in those figures 

is a thumbnail illustration marking the main features in the load-displacement response of the tested 

bolts. 

From the results, it is clear that for the tested bolts, the inclusion of the rubber buffer has negligible 

influence on features C and D, with the variation between tests being larger than any influence of the 

change in rubber thickness. 
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a) 16 mm rubber buffer 

 

b) 24 mm rubber buffer 

 
c) 32 mm rubber buffer 

Figure 12 Results of tests with different thickness of rubber buffer a) 16 mm b) 24 mm c) 32 mm 

A 

B 

C 
D 
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Figure 13 Combined data for drop tests with 16, 24 and 32 mm rubber buffers 

  
Figure 14 Influence of the combined data for drop tests with 16, 24 and 32 mm rubber buffers 

An influence on features A and B is visible in the results with the prominence of these features 

reducing with an increase in the rubber thickness.  The value of A decreases with an increase in the 

thickness of the rubber buffer and the load drop from feature A to B reduces to practically zero at a 

32 mm thick buffer (Figure 15). 
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Lo
ad

 

Displacement  
Figure 15 Conceptual illustration of the rubber buffer thickness on feature A-B in the load-

displacement curve 

In my opinion, C and D, which are not influenced by the rubber buffer, are features of the tested bolt. 

The initial spike-trough A-B appears to be an artifact of the drop test resulting from the fast-moving 

mass striking the stationary contact plate. As the inertia of the test specimen needs to be overcome 

before the specimen's resistance mechanism can be engaged, a high force is generated due to 

compression at the contact plate before movement is registered at the displacement measurement 

points. A compression wave is transferred through the system which is recorded by the load cells. In 

an underground installation, the rock mass will be in contact with the rock, both starting off as 

stationary and both being accelerated together while in contact. It is therefore my opinionthat 

underground behaviour will not contain feature A-B and a rubber liner of at least 24 mm results in 

more representative test results. Further work needs to be performed to confirm this interpretation. 

Having said this, it is important to note that feature A-B is small compared to the overall behaviour 

and has a negligible influence on the overall energy absorption capacity and total displacement and 

stretch of the bolt (Figure 16). 
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Figure 16 Energy absorption with displacement for repeated tests with different rubber buffer 

thicknesses 

5.3 Plate- and toe-end displacement of the bolt 

The displacement of the plate-end and the toe-end of the bolt is measured with a photogrammetric 

method. Black and white striped flags are attached to the plate- and toe-ends of the bolt (Figure 17). 

These flag reference markers are tracked by Basler Racer GigE line scan cameras. The Line scan 

cameras image a scan line at high frequency (10,000 line scans per second). As the striped flags move 

along the scan line, the camera records the movement of the black and white. This data is processed 

to calculate the displacement of the two flagged reference points and thus, the displacement of the 

plate-end and toe-end of the bolt. 
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Figure 17 Schematic of the measurement of bolt plate-end and toe-end displacement 

The processing of the photographic inputs to obtain displacement is performed with an in-house 

software routine written in LabVIEW. The results of this software are verified through the use of non-

destructive drop tests. For this purpose, a drop test is performed to stretch but not fail a steel bar. 

Direct measurement of the bar length after a test is compared to the indirect measurement through 

the use of the scan line cameras to verify the photogrammetric measurement. Displacement data 

verification tests are performed twice a year. Data collected for the verification of the measurement 

approach is shown in Figure 18. The shown data has a maximum difference of 2 mm and a standard 

deviation of 1 mm, which in the same order as the resolution of the direct measurement of 1 mm and 

translates to a 1.25% error for a total stretch of 80 mm. 
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Figure 18 Verification of photogrammetric displacement measurements 

5.4 Data acquisition 

A schematic illustration of the instrumentation setup is provided in Figure 19. The common time signal 

for the test is provided by National Instruments PCIe data acquisition (DAQ) card NI 6434. The load 

cells are connected to a model 483C05 signal conditioner. The DAQ card converts the analog signal 

from the signal conditioner to a digital signal and record the data along with the comon time at a 

10,000 Hz. The digital string pot signal is also captured by a DAQ card. A National Instruments PCIe 

GigE frame grabber (NI8233) is used to record the scan line camera data at a rate of 10,000 line scans 

per second. The PCIe DAQ card outputs a time signal recorded with the loadcel and sting pot data. 

This same time signal is sent to the line scan cameras and used as a line trigger. This results in 

syncronised recording of all the data. 

The DIT is controlled by an in-house developed LabVIEW based application. The software controls the 

facility during the test, records and manages the data, and performs the processing and saving of the 

results. Data recording is initiated upon release of the electromagnet. The video feed from each of the 

cameras, the data from the load cells and the string pot is recorded for a total duration of 10 seconds. 

No hardware filters are applied during the recording phase of the data. 

The raw data is stored on the hard disk of the DIT control PC and the data processed. Subsequent to 

data processing, a completed record of the raw data and processed results are stored on a server 
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following standard company filing and data protection protocols according to ISO9001 standards 

accreditation. 

 

 

 
Figure 19 Schematic of instrumentation setup 

6 Data processing and reporting 

Data processing is performed automatically following the completion of a test. The calculation of 

displacement of the plate- and toe-end of the bolts is performed with an in-house developed 

procedure scripted in LabVIEW and the resulting time-displacement data, written to file. 

All load cell data are adjusted for the zero reading. The zero reading is obtained as the average of all 

readings taken during the period from when the drop weight is released and up to just before the drop 

weight comes into contact with the specimen. 

Energy calculations are performed as a trapezoidal numerical integration of the force-displacement 

data. 

During the drop test, the weight is decelerated by the bolt resisting the falling weight. The weight 

comes to a stop and due to the elastic strain component in the system, rebounds, looses contact with 

the specimen and bounces several times until it comes to rest. During the data processing, the data 

region of interest (ROI) is isolated from the rest of the data. The ROI is the period from the first impact 
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and deceleration of the weight, up to the end of the first elastic rebound and unloading of the 

specimen. This region is isolated automatically and verified by an engineer. Reporting of test results 

are limited to this initial ROI. 

When anomalous behaviour occurs during a test, the test specimen is cut longitudinal or cross-

sectional, depending on the circumstances, and the specimen investigated in more detail. A 

photographic record of the cut specimen is saved with the rest of the test results.  

When a set of tests are performed at the request of clients, test results are reported on in a formal 

report provided in PDF format. These reports contain the following information: 

 For each test 

o Plots of the measured data during the ROI. 

o A summary table of characteristic parameters described in Figure 20. 

 For each test set 

o A statistical summary of test results. 

 Anomalous behaviour is investigated, documented and discussed in the report. 

 
Figure 20 Illustration of a graphical representation of test results in the region of interest 

provided for each test 
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