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Martedì 25 Febbraio 2025, alle ore 15, in aula P0.1 (FA-0A)

presso il  Dipartimento di Ingegneria Enzo Ferrari (DIEF), via P. Vivarelli 10, 
41125 Modena, dell’Università degli Studi di Modena e Reggio Emilia, il Prof. 
Gennadi  Mishuris del  Dipartimento  di  Matematica  e  Computer  Science 
dell'Universita.  di Aberystwyth (Wales, UK), terra.  un seminario dal titolo

Periodic Variations of Toughness: Implications for 
Hydraulic Fracture

Tutti gli interessati sono invitati a partecipare.
Per informazioni, potete contattare Andrea Nobili, andrea.nobili@unimore.it
Il  seminario  sara.  anche  fruibile  a  distanza  tramite  il  link 
https://meet.google.com/gxu-qqkp-eby 

Abstract
We discuss whether and how an averaging-based approach to material 
toughness can be confidently utilized. Usually, various upscaling procedures are 
applied to achieve the goal. Recently, we have proposed a new averaging-based 
approach dependent on the material and process-dependent parameters. The 
respective measures come from temporal averaging (in contrast to the spatial 
one). They require a knowledge of the instantaneous crack tip velocity during 
each specific process. The temporal average approach is general in its nature, 
and can be used in the analysis of any stable fracture propagation process. 
Numerous simulations have been performed to verify the measure proposed. 
We used hydraulic fracture as it always produces a stable crack propagation. We 
utilize our extremely accurate and effective in-house built time-space adaptive 
solver, which can obtain solutions for all classic HF models (PKN, KGD, Radial) 
with arbitrary fluid rheology, leak off and pumping regime. The solver uses the 
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crack opening and the fluid velocity as the basic unknowns in contrast to the 
conventional crack opening and fluid pressure pair [1]. We analyse the KGD and 
Radial HF models in an elastic homogeneous material characterised by periodic 
toughness distributions [2-4]. In particular, we show how local energy 
redistribution affects the process, resulting in local (in time and space) changes 
in the propagation regime. For example, even if both the maximum and 
minimum values of the toughness distribution correspond solely to the high 
toughness regime (under a given fluid rate), local regions exhibiting viscosity-
dominated behaviour are apparent. Another interesting feature of the proposed 
measures: even though the toughness and energy release rate fracture criteria 
are equivalent in the problem under consideration (homogeneous elastic 
material), temporal averaging based on the energy argument appears more 
accurate. Finally, we show an interesting effect of the fluid reversal within the 
fracture for a small-time fraction and question the quasi-static approach 
commonly utilised in modelling propagation of HF fracture in inhomogeneous 
material.  
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