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Abstract: In this paper, the failure pattern of non-persistent joint under U shape cutter was studied
by experimental test and numerical simulation. For this purpose, 4 gypsum sample with dimension of
Sem*10cm*10cm containing perpendicular non-persistent joint were prepared. Samples have 2 vertical
non-persistent joint with lengths of 1cm and 2 cm. the angle of small joint related to horizontal axis was
0°, 45°, 90° and 135°. This sample was subjected to U shape cutter loading. Concurrent with experimental
test, numerical simulation was performed using Franc2d on the non-persistent joint. Totally 12 numerical
model was built that some of them have similar configuration with experimental specimens. The results
show that perpendicular non-persistent joint configuration has important effect on the failure pattern. The
compressive strengths have minimum value when small joint angle were 45° and 135°. The comparison
between experimental results and numerical output shows that the good accordance was established between
experimental tests and numerical simulation.

Keywords: U shape cutter, Perpendicular non-persistent joints, Tensile crack, Tunnel boring machine.

INTRODUCTION

Tunnel boring machine (TBM) has been used for cutting the rock. Gong et al, [1,2] studied the effect of
joint orientation on the rock fragmentation. Gong et al, [3] has been investigated the effect of rock brittleness
on the rock failure using UDEC. Li et al [4], studied the effect of one joint on the TBM penetration rate.
Bejari et al [ 5], investigated the effect of joint spacing on the TBM performance. Yagiz [6], studied tunneling
in hard rock. Zhang et al [ 7] scrutinized the bit erosion due to drilling process. Zhu et al [8], investigated the
effect of joint spacing and joint angle on the rock fragmentation. Tan et al.9] ], studied the effect of joint
mechanical properties on the rock fragmentaion. Liu [10-12], investigated the effect of joint properties and
loading condition on the TBM performance.

EXPERIMENAL TEST
The materials used for experimental test were the mixture of gypsum and water by ratio of 2/1. Under
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the special procedure, the samples consisting non-persistent joint were created.

DISCUSSION

Figures 1-4 show failure pattern of samples. The new born tensile crack initiate from join tip and
propagates parallel to loading axis till coalescence with boundary of sample.

Figure 5 shows the effect of joint angle on the compressive strength. As can be seen, when small joint
angle was 45 degree, compressive strength has minimum value.
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Figure 5. The effect of joint angle on the compressive strength

NUMERICAL MODELLING

For simulation of the effect of u shape loading on the non-persistent joint, a numerical model with

dimension of 10 cm * 10 cm consisting joints was prepared. Table 1 shows mechanical properties for
numerical simulation.

Table 1. Mechanical properties for numerical simulation

Mechanical Young modulus Poisson ratio Density Tensile fracture toughness
properties (GPa) (kg/m3) (MPaVm)
value 5 0.2 2500 0.8

Figure 6 shows different configuration for non-persistent joint.

(H)

Figure 6. Different configuration for non-persistent joint
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Q) (XK) (L)

Figure 6 (Continued). Different configuration for non-persistent joint

DISCUSSION

Figure 7 shows failure pattern of samples. The new born tensile crack initiate from join tip and propagates
parallel to loading axis till coalescence with boundary of sample.

¥ (K) L)

Figure 7. Failure pattern of samples

CONCLUSIONS

e  Perpendicular non-persistent joint configuration has important effect on the failure pattern.
e  The compressive strengths have minimum value when small joint angle were 45° and 135°.
e  The comparison between experimental results and numerical output shows that the good accordance
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was established between experimental tests and numerical simulation.
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