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Experimental study on penetration failure of soft-hard interbedded
rock mass under a wedge indenter
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Chinese Academy of Sciences, Wuhan, Hubei 430071, China)

Abstract: During the tunnel boring machine (TBM) excavation of tunnel engineering, the soft-hard composite strata are widely
encountered. Under the action of TBM cutters, the failure characteristics of soft-hard interbedded rock mass are clearly different from
those of the homogeneous rock mass. By using the RMT-301 rigidity testing machine, fracture tests were carried out on rock-like
specimens with various combinations of soft-hard interbeds. The monitoring data by acoustic emission (AE) and a high-speed camera
were recorded as well during the testing process. Furthermore, we discussed the effects of the soft-hard interbed on rock breaking by
the TBM cutter along its axial direction. Testing results show that the degree of rock fragmentation by TBM cutters was not only
affected by properties of the cutter-acting layer but also strength ratio of the cutter-acting layer to the pressure-bearing layer. The
spalling zone found in the plate specimen revealed the compressed plastic zone under the action of cutters. When the cutter-acting
layer was the same but with a softer pressure-bearing layer, a greater crushing scope was observed in the cutter-acting layer along the
direction perpendicular to the tool penetration. The characteristics of aggregation distribution were found on the plane localization
point in the AE events of the plate specimen. In the aggregated area, the cutter-acting also exhibited a tendency to perpendicular to the
loading direction of the cutter, when materials of the pressure-bearing layer changed from relatively hard to soft. Thus, it is proved
that the distribution of the AE plane location to great extent reflects the damage degradation inside the specimen.

Keywords: tunnel boring machine (TBM); acoustic emission (AE); high-speed photography; soft-hard interbed; stress distribution
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Table 1 Physical and mechanical parameters of gypsum
types with different water-gypsum ratios

B ki LB W O
KA /% AR /GPa H# /(g/em’) ek
/MPa  /MPa /(km/s)

H 35 1225 062 377 031 149 1806
M 50 754 041 205 037 124 1494
S 65 521 020 137 039 106 1327
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Fig.5 Force-penetration curve of the plastic rock specimen
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Table 2 Statistics of K and F,,,, values

R E RIEJZ K/ (KN/mm) Fiax/kN
H 15.86 4.88
H M 11.08 4.44
S 13.48 4.47
H 14.57 477
M M 13.66 438
S 8.43 4.02
H 10.45 4.47
S M 8.37 4.26
S 9.52 4.05
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WSS % d/mm 2\ h/mm A/ (d/h) o b
HH 60.6 59.8 1.01 1.0
HM 39.3 378 1.04 1.6
HS 462 417 1.11 2.4
MH 335 495 0.68 0.6
MM 50.6 62.1 0.81 1.0
MS 522 492 1.06 1.4
SH 36.1 53.8 0.67 0.4
SM 353 427 0.83 0.7
SS 46.4 50.8 0.91 1.0
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