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Abstract: In this paper, the influences of joint angle and joint spacing on the rock fragmentation have
been investigated using Particle Flow Code in two dimensions (PFC2D). Firstly calibration of PFC has
been done using proper micro parameters. For this purpose, both of the Uniaxial test and Brazilian test
have been done on the NX samples. These tests were simulated by numerical method and then the proper
micro parameters have been chosen by try and error. After calibration, 21 models with dimension of 11cm
%10 cm consisting one joint have been prepared. The joint angels were 0°, 15°, 30°, 45°, 60°, 75°, and 90°.
The joint distances from cutter were 1cm, 2.5 cm and 4cm. Shear properties of joints have been determined
using simulation of direct shear test on the modeled joints. One u shape cutter with diameter of 2 cm was
in contact to the model surface. Axial force was applied to the model trough cutter. The results show that
both of the joint angle and joint spacing have important effect on the failure pattern and final failure load.

Keywords: U shape cutter, Joint angle, Joint spacing, Tensile crack.

INTRODUCTION

Tunnelling Boring Machine (TBM), has important usage in excavation process (Figure 1) [1]. Gong et
al. was investigated the effect of joint spacing on the rock fragmentation [2]. Tomac et al. was predicted the
axial force leading to failure in hard rock [3]. Snowden et al. was performed experimental test to investigate
the effect of loading rate on the penetration depth [4,5]. Cook was investigated the effect of confining
pressure on the rock fragmentation [6]. Rostami was studied the fractured zone beneath the TBM disc [7].
In this paper the effect of both of the joint spacing and joint angle on the rock fragmentation have been
investigated using PFC2D.

NUMERICAL MODELLING

In this paper, the failure behavior of rock joint beneath the cutter was investigated using PFC2D. Firstly,
numerical model was built and confining pressure was applied to the model. Figure 2 shows the model
preparation before the main test. The modeling processes were consisted of floating stage, isotropic stress
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2
Figure 1. Tunnelling boring machine

A) (B) ©)

Figure 2. Numerical modelling

D)

B)
Figure 3. The calibrated model

and parallel bond installation.

To calibrate the model, the microparametres were chosen by try and error. Figure 3 shows the calibrated
model.

For calibration of shear properties of rock joint, 5 similar rock joint were built in PFC and then proper
micro properties was chosen by try and errore. Figure 4 shows calibraed rock joint.

Model prepration for indentation test

A numerical model with dimension of 100mmx120 mm was prepareed. Then a narrow band of particles
was removed from the upper of the model. U shape cutter was attached on the upper surface of the model
and indentation test was completed. The joints with diffrerent angel and spacing were inserted in the model.
Figure 5 shows different joint configuration.
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(A) (B)
Figure 4. Calibrated rock joint

‘ D
(A) (B) (© (D)

(E) (F) (©)

Figure 5. Model with different joint configuration

DISCUSSION

Displacement vector of brocken disk

Figure 6 shows the dispalcement vector of brocken discs. Also, The displacement vector of brazilian test
was depicted in Figure 5. The trends of displacement vectors were similar to each other what shows that
tensile failure was occured in indentation test.

Failure pattern of models
Figures 7-9 show the failure pattern of numerrical models. Three different fracture zones were created
beneath the cutter i.e. fractured zone, plastic zone and elastic zone.

Introducing of the first and secound failure loads
Figure 10 shows the failure load versus the step. Two main peak loades were cleared in this figure i.e.
first load and secound load.

The effect of joint spacing and joint angle on the failure load
Figure 11 shows the effects of joint spacing and joint angle on the first and secoud failure loades.
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(D)

(®) | ® ©) H)

Figure 6. Dispalcement vector of brocken discs

(A) (D)

(F)

Figure 7. Failure pattern of rnodel

Its clear that the first failure loades were constant by increasing the joint spacing. Also the first failure
loades were constant by increasing the joint angle. Its to be note that the secound failure loades were
decreased by decreasing the joint spacing. Its value decrease by increasing the joint angle.

The effect of joint cohision on the failure load
Figure 12 shows the effect of joint cohesion on the first and secoud failure loades.
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D)

D)

R

Figure 9. Load versus step

From this figure its clear that both of the first failure load and secound failure loades were increased by
increasing the joint cohesion.

CONCLUSIONS

The effects of joint angle and joint spacing on the rock fragmentation were investigated using Particle
Flow Code in two dimensions (PFC2D). Firstly calibration of PFC was done. For this purpose, both of the
experimental Uniaxial test and Brazilian test were done on the Nx samples. These tests were simulated by
numerical method and then the proper micro parameters were chosen by try and error. After calibration, 21
models with dimension of 11cm %10 c¢cm consisting one joint were prepared. The joint angels were 0°, 15°,
30°, 45°, 60°, 75°, and 90°. The joint distances from cutter were 1cm, 2.5 cm and 4cm. Shear properties of
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Figure 10. The effects of joint spacing and joint angle on the first and secoud failure load
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Figure 11. The effects of joint spacing and joint angle on the first and secoud failure load

joint were determined using simulation of direct shear test on the joint. One u shape cutter with diameter
of 2 cm was in contact to model surface and axial force was applied into the model. The results show that,
joint configurations have important effect on the failure pattern and failure load. the first failure loades were
constant by increasing the joint distance. Also the first failure loades were constant by increasing the joint
angle. Its to be note that the secound failure loades were decreased by decreasing the joint spacing. its
value decrease by increasing the joint angle. Both of the first failure load and the secound failure load were
increased by increasing the joint cohesion.
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