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1 Introduction 
Fluid injection-induced seismicity is associated with various engineering projects including enhanced 
geothermal system, carbon capture and storage, and hydraulic fracturing for destressing in deep 
underground mining (Sainoki, 2014; Ge and Saar, 2022). It has been attracting significant global 
attention due to the increasing depth and scale of these engineering projects. For example, during the 
2017 EGS project in Pohang, fluid injection into the stimulated reservoir activated a previously stable 
fault, triggering a magnitude 5.4 earthquake that caused significant economic damage (Kim et al., 
2023). This event became the second-largest recorded earthquake in South Korea, and because the 
country is generally regarded as a region of low seismic activity, the earthquake attracted considerable 
attention from both the scientific community and the government. The cause of injection-induced 
seismicity is primarily the reduction of the effective normal stress acting on discontinuities within a 
rock mass due to an increase in pore pressure. When the shear stress exceeds the reduced frictional 
resistance, shear failure occurs along the discontinuity. Such slip behavior can be classified into 
seismic slip or aseismic slip depending on the stability of the fracture system, the ambient stress state, 
infilling materials, the stiffness of the surrounding rock mass, and so forth. Furthermore, slip along 
discontinuities alters the hydraulic properties of fractures (Zhao et al., 2025) and surrounding damage 
zones, thereby influencing fluid migration and pore pressure distribution within the reservoir. Thus, in-
depth investigation of the mechanisms governing the evolution of induced seismicity and its 
consequences is required for ensuring the sustainable and safe operation in such subsurface 
engineering projects.  

Significant experimental and numerical efforts have been devoted to understanding the influence of 
fluid injection on the mechanical and hydraulic behaviour of rock discontinuities. These studies have 
provided valuable insights into various physical phenomena, including the influence of injection rate 
on slip occurrence (Hutka et al., 2023), slip-induced permeability evolution of rock discontinuities, 
and the effect of surface asperities (Ji et al., 2023). Some studies indicated the strong influence of 
microscopic fracture distributions within a rock matrix on the mechanical behaviour of rock 
discontinuities, especially for rocks with a relatively high matrix permeability (Schwartzkopff et al., 
2021). Hence, when fluid injection is performed into such rock discontinuities surrounded by 
permeable rock matrices, it is essential to evaluate their influence on the evolution of pore pressure 
along discontinuities and the occurrence of slip. In particular, clarifying and quantifying the 
relationship among matrix permeability, pore pressure evolution, and discontinuity slip behaviour 
remains an important research challenge, owing to difficulties in controlling the permeability of the 
rock matrix surrounding a discontinuity. 

To address this issue, in the present study, we performed laboratory-scale fluid injection experiments 
while varying the permeability of near-discontinuity rock matrix by inducing thermal damage to 
granite specimens in an oven before the injection experiment. Subsequently, to verify the experiments 
and quantify the influence of the rock matrix with enhanced porosity, numerical simulations were 
performed within the framework of the Distinct Element Method (DEM) by performing hydro-
mechanical coupled simulation whilst considering the fluid leakage to the surrounding rock matrix. 
The objective of the present study is to identify key parameters controlling the coupled hydro-
mechanical response. The findings obtained from this study are expected to contribute to improving 
predictive methodologies for fluid injection-induced seismicity and to advancing induced seismicity 
risk assessment for subsurface engineering applications involving fluid injection into rock masses. 

2 Fluid injection experiment 
2.1 Specimen preparation 
Rectangular prism specimens of Inada granite were used in the experiments. The specimens were cut 
at an angle of 30° to the longitudinal axis using a rock cutter to create a precut surface, as shown in 
Fig.1. Subsequently, the precut surface was polished with #400 abrasive paper using a rotary polishing 
machine. Of the pair of cut specimens, one specimen was drilled with a through-going injection hole 
(φ = 2 mm) using an ultrasonic drill. This injection hole enabled direct water supply from the syringe 
pump injection line to the precut surface. 

In total, three types of specimens were prepared while varying the degree of microcrack density in the 
rock matrix, namely I-R, I-300, and I-500. I-R denotes an intact specimen prepared at room 
temperature without any damage, while the other two specimens (I-300 and I-500) were heated in an 
oven to generate microcracks, thereby simulating a damage zone with a high permeability. It is known 
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