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Introduction

Anisotropy in the mechanical properties of rock is often
attributed to bedding and mineral texture. This work
explores the effects of layers and in-plane mineral texture on
fracture evolution under mixed Mode I and Mode II loading
conditions in three-point bending (3PB) experiments on 3D
printed gypsum samples.
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Figure 1: Sketch of 3D printed anisotropic gypsum samples
with different notch locations. Reu lines: binder prin,
airection mineral texture orientation). Blue lines: layer
orientation. Layer thicknecs r 100 microns (B1 - bedding
layer orientation). Notch locations are given below.
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Figure 2: 3-point-bending test setup (a) on full scale
samples and (b) on a Type C sample in 3D X-ray
microscope.

Maximum peak loads were observed when
both the BL and MT orientations were
perpendicular to the fracture plane. While,
minimum P occurred when both BL and MT
orientations were parallel to the fracture
plane. For samples with the same BL and MT
orientations, the ratio of the minimum to
maximum P increased as the notch location
moved away from the center.

Table 1: the ratio of the minimum and
maximum P for different notch locations,
i.e. modes of failure

TypP Type C

0.6845 0.6271 0.5452

Sample Strength

1.2
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Figure 3: Repeatability of fracture
toughness from 3PB Tests for Mode
I failure (Type C).
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Figure 4: Load displacement
curves of the samples under
Mode I and II fracturing (Type )
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Figure 5: 2D x-ray radiographs of the small printed samples with
Type C notch at post peak (5% of peak load) and just prior to
complete failure. The direction of fracture propagation from the
notch (at the bottom of each image) is in the y-direction.

Figure 7: Fracture path for samples with
different bedding layer (BL) and mineral
texture (MT) orientations under mixed Mode I
and II loading.
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Figure 6: 3D surface and 2D contour of surface
roughness and the normalized 2D autocorrelation
function for the printed samples' fractures from Mode I
failure (Type C).

Figure 8: Fracture path for samples with the
same BL and MT orientations but with different
notch locations.
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Figure 9: Fracture path
when bedding direction
rotates by 90°.

Angle of the Fracture Trace
For samples with the same notch locations , the angle, A,
of the fracture trace (taken relative to direction of
loading) decreased with decreasing angle between BL and
the loading directions. For samples with the same BL
orientation but with different MT orientations, these two
orientations also affected A. For the samples with the
same BL and MT orientations, as the notch location moved
away from the center of the sample, A increased.

Table 2: A, a, of and notch locations for Type B samples.
Angle locations are given in Figure 8.

Sample
Geometry
( ype E notch)

H VV Halt VValt Valt + 45 - 45

a (degree) 90 90 90 90 0 0 +45 -45

0 (degree) 90 90 90 0 90 0 90 90

A (degree) 15 16 17 7 9 9 15 30

Notch Location
(- 45 samples)

Type A Type B Type C

A (Degree) 25 20

Conclusions

0

As the notch moves away from the center, the failure
mode transitions from Mode I to mixed Mode I & II
failure, resulting in

*an increase in A of the fracture trace;
*an increase in minimum to maximum peak loads.

However, the isotropic or anisotropic nature of the surface
roughness remained unchanged.

The differences in induced fracture path, toughness and
roughness provide a potential method for the assessment
of orientation and relative bonding strengths of minerals
in a rock. With this information, we have the potential to
predict flow path, flow rate and isotropic or anisotropic
properties along fractures, which are vital to induced
fracturing, geothermal and CO2 capture applications.
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