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1 Introduction 
Ensuring safe working conditions is a fundamental priority in underground mining and tunnelling. To 
enhance stability, cable bolts, flexible stranded steel tendons, are widely used as rock reinforcement 
systems (Mottahedi et al. 2025). A cable bolt consists of multiple steel wires twisted into strands and 
grouted within a borehole (Hutchinson and Diederichs 1996). Typical cable lengths range from 3-15 
m, significantly longer than conventional rock bolts, which are usually under 3 m (Jodeiri Shokri et al. 
2024).The main role of cable bolts is to reinforce the rock mass, prevent strata separation, and manage 
post-failure deformations (Galvin 2016). As ground movement occurs, cable bolts mobilize load and 
transfer the weight of unstable rock blocks to surrounding competent rock (Goris et al. 1996; 
Thompson and Villaescusa 2014). Because they resist both axial loads from gravity and shear loads 
along discontinuities (Hutchinson and Diederichs 1996; Windsor 1997), evaluating their performance 
under both loading modes is essential. 

Existing studies have mainly examined static axial and shear behaviour, simulating long-term ground 
deformation without impact loading (Mottahedi, Aziz, Mirzaghorbanali, et al. 2024; Mottahedi et al. 
2025). However, tendons can also experience impact forces in seismically active environments 
(Hadjigeorgiou and Potvin 2011; Li et al. 2025). Seismic events such as coal or rock bursts and large-
scale blasting may induce ejection velocities of 3–10 m/s and energy levels of 10–50 kJ/m², causing 
significant damage m2 (Player et al. 2008; St-Pierre et al. 2009). To ensure safety, tendons must 
therefore absorb impact energy and accommodate large displacements after failure (Player et al. 2008; 
Cai 2013).Impact testing of reinforcement systems began with small‑diameter bolts in North America 
by Yan (1992). While numerous studies have evaluated the dynamic performance of rock bolts, only 
limited research focuses on cable bolts under impact loading (Mottahedi, Aziz, Remennikov, et al. 
2024). Reported studies have used either Drop Weight (DW) or Momentum Transfer (MT) testing 
methods (Li et al. 2021, 2025). Most prior work, however, examined low‑strength, small‑diameter 
cables, with only a few investigations involving higher-strength, larger-diameter systems (S 
Anzanpour et al. 2021, 2022). 

Anzanpour et al. (2021) performed preliminary impact tests on an MW9 cable bolt, applying 14.7 kJ 
of input energy. They observed that the normalized energy required for cable pull-out under impact 
loading was roughly 30% lower than under static loading, likely due to reduced friction effects during 
rapid loading. Later, Anzanpour et al. (2022) conducted six tests on 63‑t SUMO non‑bulbed and 
bulbed cables, showing that bulbed cables absorbed more impact energy (avg. 10 kJ) than non-bulbed 
ones (avg. 8.53 kJ). However, the energy measurements are uncertain because loads were recorded on 
the drop hammer rather than directly at the cable, underscoring the need for more accurate 
experimental studies.Since the dynamic behaviour and energy absorption capacity of high‑strength 
cable bolts remains insufficiently explored, their performance in seismically active environments is 
still not well understood. The present research aims to help close this knowledge gap by conducting 
controlled laboratory impact tests and comparing results with existing studies to support safer and 
more productive underground operations. 

2 Methodology 

2.1 Materials 
In this research, 12-wire 70‑tonne SUMO cable bolts with two distinct surface geometries (non-bulbed 
and bulbed) were used as high‑strength tendons for the impact pull‑out testing program. All 31-mm 
diameter cable bolts were manufactured and supplied by Jennmar Australia and have a typical ultimate 
tensile load of 705 kN. For the required test configuration, the bulbed cable variant included a single 
bulb (ex‑clip) positioned 150 mm from one end to facilitate the intended loading arrangement. 

2.2 Method 
Anzanpour et al. (2021)developed the Reverse Pull Out Test Machine (RPTM) (see Fig. 1a) at the 
University of Wollongong, enabling pull-out testing through a push-to-pull mechanism while 
preventing cable rotation using an anti-rotation confining tube (Sina Anzanpour 2022). This apparatus 
is worked based on the Laboratory Short Encapsulation Pull Test (LSEPT) method, where the cable’s 
free length is encapsulated to represent the section distant from the excavation boundary, while the 
embedded end simulates the rock mass sliding along the cable(J. Chen et al. 2018; Rastegarmanesh et 
al. 2022). As shown in Fig. 1, load is applied downward through the reinforced loading platform and 
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3.3 Energy absorption capacity 
At the drop height of ℎ, the input energy or the potential energy of the impactor (𝐸௜௠,௣) is (Yan 1992): 𝐸௜௠,௣ = 𝑚௜௠𝑔ℎ (1) 

Where 𝑚௜௠ is the drop hammer weight and 𝑔 is the gravitational acceleration (9.81 m/s2). Besides, 
according to the energy equilibrium, the theoretical velocity (𝑉௜௠,଴) of the impactor just before the 
strikes is equal to ඥ2𝑔ℎ (Li et al. 2025; Pytlik 2016). However, it was reported that during the 
hammer free fall, due to the friction of the guiding runner, the actual velocity of the impactor (𝑣௜௠,଴) is 
0.98 of its theoretical velocity (Kaewunruen 2009). Hence, the kinetic energy of the impactor (𝐸௜௠,௞) 
immediately prior to the strike onto the loading platform can be calculated by Eq. 2(Khaleghparast et 
al. 2023). Furthermore, the loss of energy due to the friction (𝐸௜௠,௙௥) is given as Eq. 3. 

𝐸௜௠,௞ = 12 𝑚௜௠𝜐௜௠,଴ଶ = 12 𝑚௜௠[0.96ሺ2𝑔ℎሻ] (2) 𝐸௜௠,௙௥ = 𝐸௜௠,௣ − 𝐸௜௠,௞ = 0.04𝑚௜௠𝑔ℎ (3) 

In addition, the absorbed kinetic energy by the cable bolt, which is consumed for pulling the cable bolt 
out of the host medium, may be estimated by integrating the area under the pull-out load-displacement 
curves as given by Eq. 4. 𝑃𝐸 can be referred to as the pull-out energy dissipated through the plastic 
deformation. 

𝑃𝐸 = න 𝑃.ௗ
଴ 𝐝𝑑 (4) 

where 𝑃 refers to the pull-out load monitored by the hollow axial load cell at permanent displacement 𝑑. The obtained pull-out energies are introduced in Table 1. The test results show that non-bulbed 
cable bolts absorbed more energy (11.26 kJ) than bulbed cable bolts (8.75 kJ). Additionally, the 
energy dissipated by the various test system’s parts (𝐸௦௬௦) was also estimated. The results indicate that 
the bulbed cable bolts exhibited greater energy loss during testing (5.19 kJ) compared with the 
non-bulbed bolts (2.69 kJ). The higher total energy absorption measured in the non-bulbed cables is 
linked to their greater axial deformability and more distributed bond mobilisation along the cable-
grout interface. Because non-bulbed cables rely primarily on frictional resistance rather than discrete 
mechanical interlock, they undergo a more gradual and extended slip process, enabling larger 
displacements and greater dissipation of impact energy. In contrast, bulbed cables concentrate stresses 
at the bulbed sections, which can lead to localised grout crushing and reduced ductility. Consequently, 
non-bulbed cables demonstrate superior overall energy absorption under impact loading. 

In addition, the calculated Unit Pull-out Energy (UPE), defined as the absorbed energy divided by the 
corresponding displacement, indicates the energy required to pull the cable bolt by 1 mm and reflects 
the system’s resistance to dynamic loading. The highest UPE value was recorded for bulbed cable 
bolts (0.243 kJ/mm), highlighting their strong initial anchorage capacity. However, in burst-prone 
ground conditions, energy absorption and deformation capacity are more critical than peak resistance 
alone (Cai 2013). Although non-bulbed cables exhibited lower UPE, they demonstrated greater total 
energy absorption and displacement, making them better suited for dynamic environments where large 
post-failure movements must be accommodated. 

Rockburst events in deep mining can release 10-50 kJ/m² of energy and generate ejection velocities of 
3–10 m/s(Player et al. 2008; St-Pierre et al. 2009). The tested impact velocity of 6.86 m/s and energy 
level of 14.52 kJ therefore fall within moderate to severe rockburst scenarios typically encountered in 
deep coal and hard-rock mines. In such highly stressed geological settings, such as quartzite, dolomite, 
or stiff coal roofs, support systems must accommodate substantial deformation while dissipating high 
levels of energy. The greater displacement and absorption capacity measured for non-bulbed cables 
indicates their suitability for these high-energy, high-deformation conditions. Conversely, bulbed 
cables, which provide higher peak loads, may be more effective in brittle, low-deformation rock 
masses where immediate anchorage strength is essential. These findings support performance-based 
selection of cable bolt types based on expected rockburst severity and geological conditions, 
contributing to safer and more resilient ground-support design. 
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Table 1. The summary of the energy dissipation in the impact tests. 

Test 
No.  

Bolt type 𝐸௜௠,௣ 
(kJ) 

𝐸௜௠,௞ 
(kJ) 

𝐸௜௠,௙௥ 
(kJ) 

Pull-out energy, 𝑃𝐸 
(kJ) 

Total energy loss, 𝐸௦௬௦ (kJ) a 
Unit pull-out energy, 𝑈𝑃𝐸 (kJ/mm) b 

 Value Ave. Value Ave. Value Ave. 
1 Bulbed 14.52 13.94 0.58 9.84 8.75 4.10 5.19 0.284 0.243 
2 Bulbed 14.52 13.94 0.58 8.64 5.30 0.240 
3 Bulbed 14.52 13.94 0.58 7.77 6.17 0.204 
4 Non-bulbed 14.52 13.94 0.58 11.15 11.26 2.79 2.69 0.237 0.233 
5 Non-bulbed 14.52 13.94 0.58 12.36 1.58 0.225 
6 Non-bulbed 14.52 13.94 0.58 10.26 3.69 0.237 
a𝐸௦௬௦ = 𝐸௜௠,௞ − 𝑃𝐸 and b 𝑈𝑃𝐸 = 𝑃𝐸 𝑑⁄  

4 Limitations 
Although the RPTM provides a controlled and repeatable setup, it cannot fully reproduce the 
complexity of in-situ rock masses. Concrete specimens lack the natural heterogeneity, jointing, and 
anisotropy of real rock, and laboratory confinement conditions do not capture true underground stress 
redistribution. As a result, laboratory findings should be interpreted cautiously, and future work should 
incorporate in-situ testing, calibrated numerical modelling, and alternative host media to improve field 
applicability. 

In addition, despite the use of an anti-rotation system, some cable rotation occurred during impact 
testing. This movement may reduce the measured load-bearing capacity, as rotation interacts with 
axial loading, frictional behaviour, and cable deformation. Since the quantitative effect is difficult to 
isolate, future studies should compare free-rotation and restricted-rotation conditions to better 
understand, and account for its influence. 

Also, a single impact energy level (14.52 kJ) was used to represent moderate to severe rockburst 
conditions. However, underground dynamic loads span a wide range, and a fixed energy level limits 
understanding of cable bolt behaviour under varying seismic intensities. Future research should apply 
multiple energy levels and velocities to capture the full spectrum of field conditions. 

5 Conclusions 
This study investigated the impact pull-out behaviour of high-strength 70-t SUMO cable bolts using a 
controlled laboratory setup combining the RPTM and a drophammer impact rig. The results showed 
that non-bulbed cable bolts demonstratedgreater total energy absorption and larger displacement 
capacity than bulbed cables, despite their lower peak resistance. This enhanced performance is 
attributed to their higher deformability and more distributed bond mobilisation, which favour gradual 
frictional slip and sustained energy dissipation under dynamic loading. In contrast, bulbed cables 
provided higher initial anchorage capacity, reflected in their higher UPE, making them more suited to 
conditions where immediate load resistance is required. 

Overall, the findings indicate that non-bulbed cable bolts may offer superior performance in 
burst-prone, high-deformation environments, while bulbed bolts may be preferable in brittle, 
low-deformation rock masses requiring strong initial anchorage. These insights highlight the 
importance of selecting cable bolt types based on expected rockburst severity, geological conditions, 
and system-level support demands. Future research incorporating variable impact energies, broader 
encapsulation lengths, and in-situ testing will further improve the applicability of laboratory-based 
assessments for dynamic ground-support design. 
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