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Fracture toughness

SCB, CB, CCNBD, and CNSRB samples  Suymmary

Numerical modeling Fracture toughness is one of the most important mechanical properties of

Discrete element method (DEM) rock-like materials and plays a decisive role in the stability analysis of

Fracture mechanics of rocks : :

Rock-like materials concrete and rock structures. In recent years, the International Society of
Rock Mechanics (ISRM) has proposed several standardized specimen
geometries, including SCB, CB, CCNBD, and SR, to determine Mode I
fracture toughness. However, numerous reports have shown that the values

obtained from these methods are not consistent, with significant differences between them. In this study, to investigate

this issue in detail, a series of laboratory tests were designed and performed on standard concrete samples to determine

their fracture toughness values The experimental results showed that the fracture toughness values are highly

dependent on the specimen geometry. For concrete with a strength of 30 MPa, the highest toughness value was
obtained for the CCNBD specimen at 0.43 MPa-m°-°, while the lowest value was obtained for the SCB specimen at
0.34 MPa-m°-*>. This represents a difference of approximately 26.4 percent .Additionally, three-dimensional numerical

modeling was performed using the Discrete Element Method (DEM) in the YADE software. Prior to simulating the
fracture tests, the model's microscopic parameters were calibrated based on uniaxial compressive strength (UCS) and
Brazilian tensile strength (BTS) tests. The numerical results from simulating the different geometries showed that the
discrete element model can accurately reproduce both the fracture toughness values and the fracture patterns. The
difference between the experimental and numerical data for all geometries was less than 2 to 3 percent .The findings of

this study indicate that the choice of test geometry has a direct and significant effect on the measured fracture
toughness value. Furthermore, numerical modeling has been demonstrated to be an efficient tool for interpreting and
analyzing these differences.

Introduction

Fracture toughness is a key mechanical property of quasi-brittle materials such as concrete and rock, as it governs the
initiation and propagation of cracks under loading. Reliable determination of fracture toughness is therefore essential
for the safe design and stability analysis of civil and mining structures. In recent years, the International Society for
Rock Mechanics (ISRM) has suggested several standardized testing methods and specimen geometries, including SCB,
CB, CCNBD, and CNSRB, for evaluating Mode I fracture toughness. Nevertheless, different studies have reported
noticeable variations in the values obtained from these methods, raising questions about their consistency and
reliability. To address this issue, combining laboratory experiments with advanced numerical modeling approaches,
such as the Discrete Element Method (DEM), provides a powerful framework for understanding the fracture
mechanisms and interpreting the differences among testing geometries.
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Methodology and Approaches

In this study, a combined experimental and numerical approach was adopted to investigate the Mode I fracture
toughness of quasi-brittle materials. Laboratory tests were conducted on standard concrete specimens using four
ISRM-suggested geometries, namely SCB, CB, CCNBD, and CNSRB, to determine the fracture toughness values and
assess their variations. To complement the experiments, three-dimensional numerical simulations were performed
using the Discrete Element Method (DEM) implemented in YADE software. The microscopic parameters of the DEM
model were calibrated through uniaxial compressive strength (UCS) and Brazilian tensile tests to ensure realistic
representation of the material behavior. Subsequently, the calibrated model was employed to simulate the fracture
processes of the different specimen geometries, enabling direct comparison between experimental results and
numerical predictions in terms of both fracture toughness values and crack propagation patterns.

Results and Conclusions

The experimental results demonstrated that the measured Mode I fracture toughness strongly depends on the specimen
geometry, with the CCNBD geometry yielding the highest values and the SCB geometry the lowest. Numerical
simulations using the calibrated DEM model reproduced both the fracture toughness values and the crack propagation
patterns with high accuracy, showing discrepancies of less than a few percent compared to laboratory tests. The strong
agreement between experimental and numerical results confirms the validity of the DEM approach in simulating
fracture processes of quasi-brittle materials. Overall, the findings highlight that the choice of testing geometry plays a
critical role in determining fracture toughness, and that numerical modeling can serve as an effective complementary
tool for interpreting experimental observations and improving the reliability of fracture toughness evaluation.
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