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Abstract

Understanding the mechanical behaviour of rock masses is essential for the design and stability of
infrastructures such as tunnels, slopes, and underground storage facilities. At these scales,
discontinuities largely govern the global response of the rock mass. To investigate their behaviour,
researchers typically adopt two approaches: working on natural fractures or on artificial ones. Natural
fractures provide realistic conditions but pose significant challenges, both in terms of sampling and
reproducibility. Artificial fractures, on the other hand, offer better control. They can be either molded
from natural fracture surfaces, preserving geometry but losing the original rock nature and behaviour,
or generated directly in the laboratory, which risks damaging the specimen. In this study, we focus on
producing laboratory-induced fractures under controlled conditions to maintain the integrity of the
rock.

Fracture initiation and propagation depend on the loading conditions, the mechanical properties, and
the mineralogical composition of the rock. In this work, to produce fractures that preserve the
morphology of natural rock splinters, an original methodology is developed to generate tensile
fractures in rock samples using a 285 kN compression frame equipped with a blade-jaw system. This
setup was tested on prismatic specimens of Soignies Limestone and Vosges Sandstone. These two
rocks exhibit brittle behaviour under atmospheric conditions but differ markedly in porosity, stiffness,
and strength (high to moderate), leading to distinct fracture patterns.

Optical profilometry is used to accurately characterize the geometry of fracture surfaces. Statistical
roughness parameters and the Joint Roughness Coefficient (JRC) were used to quantify and compare
the surface roughness of both rocks and assess the variability of laboratory generated fractures.

The methodology will play a key role in future work that will focus on linking joint geometry with the
mechanical response of fractured rocks under controlled loading conditions.
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1 Introduction

Rock mass behaviour is strongly controlled by the presence and geometry of discontinuities such as
joints, fractures, and bedding planes. These discontinuities govern the mechanical response,
deformation mechanisms, and hydraulic properties of rock masses and therefore play a critical role in
the design and stability assessment of underground structures, slopes, and foundations. A key
parameter controlling the mechanical behaviour of rock joints is surface roughness, which influences
shear strength, dilation, and contact mechanics.

Experimental investigation of joint behaviour requires representative fracture surfaces. In the
literature, some have focused on understanding the mechanical behaviour of natural rock fractures
(Schneider 1976; Krahn and Morgenstern 1979; Bandis et al. 1983; Huang et al. 1993), but their
sampling is often difficult. In addition, natural fractures exhibit significant variability in geometry
(roughness, orientation, and dipping), imbrication or opening, overlapping, filling materials, and
weathering conditions. These factors make systematic laboratory investigations challenging. To
overcome these limitations, artificial fractures are often generated in a laboratory to reproduce joint
surfaces under controlled conditions. Several approaches have been used for this purpose, including
sawing (Krahn and Morgenstern 1979), molding of natural surfaces (Schneider 1976), controlled
splitting (Giwelli et al. 2009), or hydraulic fracturing (Huang et al. 1993). More recently, additive
manufacturing techniques have been used to reproduce rock joints (Jaber 2020). While these methods
allow the production of discontinuities, they often suffer from limitations such as unrealistic surface
morphology, poor reproducibility, or alteration of the rock microstructure.

Establishing reproducible laboratory methods that yield realistic and complementary fracture surfaces
remains an open challenge. In this context, the current study investigates a controlled fracturing
technique using a blade-jaw system. The method aims to generate complementary fracture surfaces in
prismatic rock samples while minimizing material loss and preserving surface morphology, under
repetitive conditions. Two lithologies with contrasting mechanical and petrophysical properties were
selected to evaluate the robustness of the method: Soignies Limestone and Vosges Sandstone.

The fracture surfaces are then characterized using optical 3D profilometry to quantify surface
morphology. Statistical roughness parameters and Joint Roughness Coefficient (JRC) values are
derived from surface profiles to evaluate surface characteristics and directional variability.

2 Methods

2.1 Sample description

Two rock types were selected for this study: Soignies Limestone (SL) and Vosges Sandstone (VS),
chosen for their availability, relative homogeneity, and contrasting mechanical properties. Soignies
Limestone is a compact rock with a porosity of 0.4% and a high compressive strength (UCS typically
ranging between 100 and 125 MPa). It consists mainly of CaCOs (>95%) and displays a micritic
texture (Descamps et al. 2011). In contrast, Vosges Sandstone is more porous (=22%), moderately
strong (UCS~=40 MPa), with a granular texture (100 — 150 um) and a silica content ranging from 70 to
95% (Descamps 2007). Under atmospheric conditions, both rock types exhibit elastic—brittle
behaviour (Descamps 2007, Descamps et al. 2011). As sedimentary rocks, both contain bedding
planes, but their mechanical behaviour can be considered isotropic.

2.2 Artificial fracture generation

Fracturing was performed using a blade—jaw system (Fig. 1a). The device consists of two tungsten
steel blades (10 cm long) forming a loading jaw. The blade tips are V-shaped and fit into pre-
machined grooves in the specimen. The upper blade slides along two guiding columns and is
connected to a loading platen that applies the load. A ball joint incorporated into the upper platen
ensures uniform load distribution along the blade—specimen contact. The lower blade is in contact with
a lower platen transmitting the applied load.

The overarching research objectives aim to address the mechanical behaviour of fractures by
performing compression and direct shear tests. Particularly for shear tests, ISRM recommendations
and ASTM standards provide guidelines for the general sample geometry (Ulusay 2015; ASTM D18
Committee 2017). Coupled with practical constraints of the laboratory, the sample size for the current
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study was defined to allow subsequent mechanical testing, with dimensions of 95 x 60 x 60 mm. The
fracture surface corresponds to the 95 x 60 mm section.

Lateral grooves (34 mm deep) were machined along the edges to initiate and guide fracture
propagation, resulting in a slightly reduced effective fracture area. Guiding the fracture in the middle
of the block was also necessary to allow further compression and direct shear tests.

Fig. 1b illustrates a fractured surface wall, with a profilometric scan highlighting height variations of
the surface.
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Fig. 1 a) Blade-jaw controlled fracturing system, F is the direction of controlled load application. b) Fracture surface wall
with the evaluation area delineated by a white rectangular outline, and the positions of the profiles indicated by black arrows.
Roughness profiles are traced in longitudinal and transversal directions.

2.3 Optical profilometric analysis of roughness

Fracture surface roughness was analysed using a Keyence VR-6200 3D optical profilometer, which
measures surface topography through structured light projection. The instrument provides a spatial
resolution of £5 um in the horizontal directions and +4 um in the vertical direction.

Each fracture wall was analysed separately. To reduce edge effects caused by the grooves and damage
resulting from stress concentration near the blades, an evaluation zone was defined, excluding margins
up toll mm along the longitudinal edges and up tol7.5 mm along the transversal edges (Fig. 1b).
Within this zone, linear profiles were evenly distributed. Seven longitudinal profiles (L1-L7) with
lengths ranging from 80 to 91 mm and ten transversal profiles (T1-T10) with lengths of about 38 mm
were extracted. Roughness profiles traced in longitudinal and transversal directions overlap in each
direction.

Four common statistical roughness parameters are computed for each profile (Tatone and Grasselli
2010; Nikiema et al. 2024): the absolute roughness (R,), the arithmetic roughness (R), the root mean
square slope (Z;), and the linear roughness (R;) or roughness profile index (R,). Z, and Rpare
correlated with Barton’s Joint Roughness Coefficient (JRC), the most widely used roughness index in
geomechanics for the assessment of rock mass stability. Eq.1 and Eq.2 were proposed by Nikiema et
al.(2024):

JRC = 65.257, — 11.21 R? = 0.935 (1)
JRC = 238.6R,, — 240.57 R? = 0.924 )
3 Results

3.1 Analysis of fracture quality
Fifteen specimens of SL and seven specimens of VS were successfully split without any sample loss.
The resulting fractures generally followed the predefined plane, with only minor local deviations, and
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no unusable fracture surfaces were produced. Mass measurements performed before and after
fracturing indicate a very limited material loss, ranging from 0 to 4 mm?®/cm? over the fractured area
for both rock types. Moreover, most of the fractured samples show complementary walls that fit
closely together, indicating that the fracturing process preserves the morphological correspondence
between the two sides of the joint.

As expected, the linear splitting load is higher for SL than for VS, with mean values of 21 N/mm
(coefficient of variation (CV): 21.79%) and 9 N/mm (CV: 6.15%), respectively. This difference
reflects the contrasting mechanical behaviour.

The fracture morphology varies with rock type. In VS, fracturing appears predominantly intergranular,
which is consistent with its granular grain size. In contrast, SL is characterized by a micritic texture
and mainly exhibits fracture propagation through the matrix.

3.2 Surface roughness by optical profilometry

Five specimens of each rock were randomly selected for detailed analysis. Three longitudinal and four
transversal profiles were extracted per wall to ensure representative coverage. Lower wall roughness
values were plotted against upper wall values to evaluate morphological correspondence relative to a
1:1 identity line (Fig. 2). The upper and lower walls were randomly assigned to each specimen.

In the longitudinal direction and for both rocks, amplitude parameters (R,,R,) exhibit an excellent fit
(R%:0.97 — 1.00), demonstrating strong linear correlation between paired fracture walls. Slope and
profile index parameters (Z;,R,) show moderate linear correlation (R%:0.60 — 0.70) due to relatively
compact clusters around the correlation line. This morphological agreement is validated by Lin’s
concordance coefficient (CCC > 0.90 for R, and R,, except for R, in SL (CCC = 0.79). The relative
quadratic error from the 1:1 identity line remains low (0 % — 3 % for SL; 1% — 11 % for VS),
confirming that absolute deviations are minor and that roughness variability between corresponding
walls is limited.

The transversal direction displays a more pronounced dispersion. For R, SL data are asymmetric with
most points located in the upper triangular region and scattered (CCC = 0.66, error: 24 %), whereas
VS data are more evenly distributed despite a low concordance (CCC = 0.17,error: 66 %).
Conversely, R, maintains high correlation (R? > 0.98) and good concordance (CCC:0.74 —
0.85, error: 15 % — 16 %), indicating that peak-to-valley amplitudes are corresponding between the
fracture walls. Although Z;, and R, yield very low relative quadratic errors (1 %), they exhibit low
concordance (CCC<0.40) due to highly clustered data points, reflecting local slope disparities. Local
deviations observed for specimens SL.14, VS26, and VS29 are linked to local discrepancies, such as an
intact fossil shell in SL14. Furthermore, transversal profiles are much shorter than longitudinal ones.
This may amplify the observed differences.

JRC was computed from Z, and R;, using Eq. 1 and 2. For longitudinal profiles, JRC ranges from 6 to
9 for SL (mean: 7, CV: 11 %), and from 10 to 12 for VS. Transversally, JRC ranges from 6 to 15 for
SL (mean: 9, CV: 25 %), and from 11 to 15 for VS (mean: 12, CV: 10 %).

To assess the representativeness of the laboratory-induced surfaces, these results were compared with
those obtained from eight natural fracture surfaces (Table 1). Most parameters fall within the range
measured on laboratory-induced fractures, except R,, which reaches higher values on natural surfaces,
indicating a great amplitude difference in natural surfaces.

Finally, comparing longitudinal and transversal profiles (Fig. 2i and j) shows that the distribution of
data points is not correlated between the two measurement directions, indicating directional
heterogeneity in fracture surface roughness.

Table 1. Measurements of roughness on natural fractures for both rock types.

Rock type Rgy[pm] R, [um] Zy -] Ry [-]
Soignies Limestones 1356 £ 227 6341 + 1437 0.340 £ 0.036 1.051 £ 0.009
Vosges Sandstones 524 + 125 2588 + 366 0.293 + 0.015 1.039 £+ 0.003
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Fig. 2 Relationships between the roughness parameters (R,, R;, Z;, R,,) measured on the two corresponding fracture walls for
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Vosges Sandstone (VS)
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4 Conclusion

This study presented an experimental method for generating artificial fractures in rock specimens
using a blade-jaw controlled system. Soignies Limestone and Vosges Sandstone, which feature
contrasting petrophysical and mechanical properties, were investigated to assess the method's
applicability. Surface quality analysis shows that the fracture mostly follows the predefined plane
imposed by the grooves, with very limited material loss.

Optical profilometry was used to characterize roughness parameters both on longitudinal and
transversal profiles. The results are consistent with roughness parameters measured on natural
fractures for the same rocks.

Nevertheless, several limitations remain. The influence of experimental parameters, such as loading
rate and groove geometry, has not been thoroughly investigated. Further work should combine the
geometric characterization of fracture surfaces with mechanical testing to establish quantitative
relationships between roughness parameters and joint mechanical behaviour.
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