
Simula�ons of Dynamic Fracture and Fragmenta�on in Hard Rock 
Excava�on 

 
Project ID:  
 CHBU28 
 
Principle Inves�gator: 
 Prof. Dr. Günther Meschke 
 Ins�tute for Structural Mechanics 
 Department of Civil and Environmental Engineering, Ruhr University Bochum 
 
Project Team: 
 Prof. Dr. Andreas Vogel 
 High Performance Compu�ng in the Engineering Sciences 
 Department of Civil and Environmental Engineering, Ruhr University Bochum 
 
 M.Sc. Sahir But 
 Ins�tute for Structural Mechanics 
 Department of Civil and Environmental Engineering, Ruhr University Bochum 
 
HPC System: 
 JUWELS 
 
Abstract: 
 This project inves�gated the dynamic fracture process in britle materials using a 
peridynamic simula�on model. Two main targets were addressed: Computa�onal simula�ons of 
dynamic crack propaga�on resolved at the microscale were performed to inves�gate the 
influence of the crack speed on the evolu�on of the different por�ons of energy during fracture. 
The second goal was the simula�on of the cu�ng process of rock material by means of cu�ng 
tools mounted at the cu�ng wheel of tunnel boring machines (TBM). 
 
Dynamic Fracture: 
 Simula�ng dynamic fracture in britle materials is a challenging task due to the complex 
interac�on between the propaga�ng crack and the surrounding material. However, the insights 
gained from such simula�ons are invaluable for understanding the fracture behavior of materials 
under extreme loading condi�ons. By accurately modeling the evolu�on of different por�ons of 
energy during fracture, as well as the influence of crack speed on the fracture process, researchers 
can gain a deeper understanding of the microstructural mechanisms of fracture. Such high-
resolu�on simula�ons involve large system of equa�ons. Solving such large system is only 
possible by using supercompu�ng cluster, such as JUWELS. 
 The computa�onal model was able to reproduce the salient features of the dynamic 
fracture process, such as the onset of micro-branching instability, the crack surface topology 



obtained at different crack speeds, material toughening with increasing crack velocity, as well as 
the limit of crack velocity below the Rayleigh wave speed for mode-I cracks [2,3,5,6]. The results 
obtained from the simula�ons were found in good qualita�ve agreement with the experiments. 
The transi�on from a single crack to an ensemble of micro-branches leaves dis�nct features on 
the crack surfaces, and simula�ons were able to reproduce the mirror, mist, and hackle transi�on 
of the topology of the fracture surfaces observed in experiments (Figure 1). 
 These findings can be used to improve the design of materials and structures subjected to 
extreme loading condi�ons, such as aircra� structures and earthquake-resistant buildings. The 
mining and excava�on industries can also benefit from insights gained from simula�ng rock 
cu�ng processes, allowing for more efficient and effec�ve excava�on processes. Overall, the 
insights gained from simula�ng dynamic fracture have wide-ranging applica�ons and can 
contribute to advances in various fields of engineering and material science. 
 
Hard Rock Excava�on: 
 The simula�on of rock excava�on involves modeling the complex nature of rock behavior 
and the interac�on between the cu�ng tool and the rock material. Accurate capturing of the 
material proper�es of the rock, the mechanical proper�es of the cu�ng tool, and the boundary 
condi�ons during excava�on is required. However, insights into the mechanics of the rock 
excava�on process, such as the effect of cu�ng tool design, the influence of the cu�ng 
parameters on the excava�on efficiency, and the behavior of the rock under various excava�on 
condi�ons, can be gained through simula�on. These insights can be used to op�mize the design 
of cu�ng tools, improve excava�on techniques, and reduce costs and �me in large-scale 
excava�on projects. The findings from these simula�ons can benefit the mining and construc�on 
industries, as well as academic researchers, in improving the safety and efficiency of rock 
excava�on processes. 
 The computa�onal model was used to inves�gate the hard rock excava�on process by 
simulating a full-scale LCM (Linear Cu�ng Machine) test, and the cu�ng forces obtained were 
compared with experiments [1,4,7]. Furthermore, the influence of straight and curved cu�ng 
paths in a homogeneous rock specimen using a scaled cu�ng disc and employing two cu�ng 
discs at various spacings was inves�gated using the model. Addi�onally, simula�ons were 
performed to inves�gate the excava�on in mixed ground condi�ons, such as the case when a 
cu�ng disc moves from a so� to a hard rock domain and the case when the cu�ng disc moves 
from a so�/weathered rock domain into a hard rock domain. Furthermore, simula�ons were 
performed for a disc which has undergone significant localized wear to evaluate the residual 
excava�on efficiency of damaged discs (Figure 2). 
 
References: 
[1] L. Brackmann, A. Rötger, H. Bui, Sahir N. But, G. Hoormazdi, A. Leon, S. Priebe, D. 
Wingender, H. Yang, D. Balzani, K. Hackl, G. Meschke, I. Mueller, J. Renner. Excava�on 
Simula�ons and Cu�ng Tool Wear. Springer Nature Switzerland, 93-164, 2023. 
 
[2] Sahir N. But, and G. Meschke. Influence of dimensionality and specimen size on dynamic 
fracture. Proceedings in Applied Mathema�cs and Mechanics (PAMM), 21.1: e202100207, 2021. 



 
[3] Sahir N. But, and G. Meschke. Peridynamic analysis of dynamic fracture: influence of 
peridynamic horizon, dimensionality and specimen size. Computa�onal Mechanics, 67: 1719- 
1745, 2021. 
 
[4] Sahir N. But, and G. Meschke. Interac�on of cu�ng disc with heterogeneous ground. 
Proceedings in Applied Mathema�cs and Mechanics (PAMM), 20.1: e202000060, 2021. 
 
[5] Sahir N. But, and G. Meschke. Peridynamic inves�ga�on of dynamic britle fracture. 
Proceedings in Applied Mathema�cs and Mechanics (PAMM), 19.1: e201900180, 2019. 
 
[6] Sahir N. But, and G. Meschke. A rate-dependent damage model for predic�on of high-speed 
cracks. Proceedings in Applied Mathema�cs and Mechanics (PAMM), 18.1: e201800330, 2018. 
 
[7] Sahir N. But, and G. Meschke. A 3D peridynamic model of rock cu�ng with TBM disc 
cuters. Proceedings of the 7th GACM Colloquium on Computa�onal Mechanics 2017, Stutgart, 
Germany. 
  



 

 
Figure 1: Simula�ons of crack propaga�on at different levels of stored elas�c energy and the 

obtained three-dimensional fracture surfaces and branching paterns. 
 



 
Figure 2: Simula�on of a Linear Cu�ng test for a tool penetra�on and spacing of 6mm and 76 
mm, respec�vely. Material points with a damage value greater than 0.95 are filtered out for 

visualiza�on of the rock chip forma�on (right). 


