5 33 455 8 ] EE & Vol.33 No. 8
2012 4F 8 H Rock and Soil Mechanics Aug. 2012

XEHS: 1000—7598 (2012) 08 —2457—08

ETahidtak

Hﬁﬁﬁﬁ&_éﬁaﬁiﬂb 5 HIR
AEBEESRT*E

W 2, ARG, B3E, FEE, 255, £ UL
(AR B 540 TR L, B 250061)

m

B OB B AR TR SR e A (W AR DA AR T T RSk IR I DD e il A T R s SRR, i A e i, T
TR BT AR A 1) S B B RE R S W A (KB ) 2 o o T IR U B 75 I N 530 S B 18 FR4+375.5 1) T I T 1
HTHOTARFLAE M, 73 2 U2 P (RN B2 50 R Bl i3k B o Bt s S RS TR 7 A i 28, IR0 e e BV G Rt an et e 00 )
MLBEGRATHT, WFIURIL: A, B ENISEUS BA A N R R i, BB se e A ERRUKIN, HE ARG
HBHRE; BARBRE . SRR, JREN, BB, #E. Feal, M. T aes s ooy, HA
Mo SIMTHTREE R SR FLEGE . TSP 8 AT HHR SR T B 210 45 R IEA 5. IR BRI BlA 3T 2087, R AGHELL
BERIAF FHIL IR AR IR B, T H FELA 45 g . 3l X RE i IR M i B, FEBER A HE T, MAE RS/ T 0.95 kI &t
DLW 2 BB IR T S BRIX

X B A REEENS; BhEREE; /%I)(Eﬂﬁ): SR H 552

HESHKS: TU4SS SCERPR IS

Identification of interface of tuff stratum and classfication of surrounding rock
of tunnel using drilling energy theory

TIAN Hao, LI Shu-cai, XUE Yi-guo, QIU Dao-hong, SU Mao-xin, WANG Kai

(Research Center of Geotechnical and Structural Engineering, Shandong University, Jinan 250061, China)

Abstract: When a drill machine is working, energy of broking rock is produced from the action of torque and propulsion. The torque
is resulted from the rotation of the bit, on which the propulsion is acting. When drilling conditions are certain, physical mechanical
properties of rocks can be reflected from the energy consumed to break the rocks per unit volume. Based on this theory, advance
geological drilling experiment has been performed on fault FK4+375.5 around the subsea tunnel across Qingdao Jiaozhou bay and the
drilling parameters of tuff stratum and the variation of drilling energy with the displacement of bit are obtained. Parameters of a drill
have been monitored in drilling process and analyzed using energy theory. The results show that, there is a good correlation between
the drilling parameters of a digital drill machine and rock lithology. When surrounding rocks are integrated, hard and in the absence
of fracture water, the drilling parameters are high. Conversely, when surrounding rocks are fractured, or in the presence of faults,
fracture water and intercalated gouge, there are abrupt changes in the drilling rate, propulsion, rotational speed, torque and hit energy.
The values of these parameters decrease markedly. The obtained results are consistent with core-drilling and advance geological
prediction using tunnel seismic prediction (TSP). The above method is used in the classification of surrounding rock. According to the
relation between energy curves and classification of surrounding rock, faults or fractured zones will appear in tuff stratum when the
value of drilling energy is less than 0.95 kJ.

Key words: energy theory; drilling energy; tuff stratum; identification of geological interface; classification of surrounding rock
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Fig.1 Change curve of drilling energy with displacement
of bit in tuff stratum
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Fig.2 Change curve of penetrating specific energy with
displacement of bit in tuff stratum
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Table 1 Variation of penetrating specific energy with
displacement of bit in tuff stratum
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Table 2 Distribution of penetrating specific
energy in tuff stratum
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Table 4 Drilling parameters of tuff stratum

W T ERKE L2357 et FriiRE Fri s BT EKIES Hokoia  HoKES
/m /(m/h) /KN /(r/min) /KN /J /N /L /MPa /L /MPa
0 0 0.94 41 7.05 370 1611 93 0.1 90 0.1
6 31 1.56 50 8.11 491 1659 80 0.1 79 0.1
12 46 1.44 53 7.68 485 1 666 93 0.1 91 0.1
18 26 0.96 38 4.42 397 1652 95 0.1 92 0.1
24 24 0.85 40 4.69 397 1652 93 0.1 90 0.1
36 59 0.67 40 2.31 335 1652 96 0.1 92 0.1
42 49 0.77 39 3.35 387 1652 89 0.1 85 0.1
48 53 1.52 40 8.05 393 1652 96 0.1 93 0.1
54 65 1.47 40 8.10 494 1679 83 0.1 80 0.1
60 57 0.88 39 431 392 1652 91 0.1 87 0.1
63 33 0.84 32 4.10 387 1652 89 0.1 84 0.1
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Fig.5 Change curve of drilling energy with displacement
of bit in tuff stratum
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Fig.6 Change curve of penetrating specific energy and
classification of surrounding rock
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Table 5 Distribution of penetrating specific energy
in tuff stratum

LOTEE gt L OTEIE it
PR e s P e swam
JiE 44 \ . A \ \

/(kJ/cm®) /(kJ/cm®) /(kJ/cm®) /(kJ/cm®)
1l 1.062 0.5732~23624 [V 0.651 0.0382~0.890 3

I~1I 0902 0.0021~1.06101IV~V 0467 0.0376~0.6617
il 0.937 0.1632~09818 V 0.373  0.001 5~0.074 4
I~V

0.764  0.001 7~2.014 6 0.001 3~0.420 1
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