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Analysis on the TBM Penetration Rates in Extremely Hard Rocks

Chulwhan Park, Joong-Ho Synn, Chan Park, Min-Kyu Kim, So-Keul Chung and Hwa-Soo Kim

ABSTRACT The uniaxial compressive strength of rock mass is known as the major factor in the assessment of drillability
and the optimum excavation design in full-face tunnel excavation by TBM. Referring to worldwide cases, TBM has been
applied mostly to the rock mass within the strength range of 80~250 MPa. Recently, a water way tunnel has been constructed
as a part of Milyang dam project by TBM within the rock masses where the rock type is mainly granite with some
granophyre, hornfels and andesite. Their uniaxial compressive strengths in extended area are estimated higher than 260 MPa.
In this paper, the relation between the penetration rate and the rock mass properties is analyzed and TBM application to the
very hard rocks is discussed. As a result that three suggestions to predict the TBM net penetration rate are analyzed, NTH
method seems a better approach than other methods in the extremely hard rocks. NTH prediction matches with the results
of actual values with the variations of 2~20%. Hardness measurement by Schmidt hammer and RMR estimation are carried
out along the L=5.3km entire TBM tunnel alignment. The net penetration rate measured monthly is shown to be
reciprocally proportional to Schmidt rebound hardness and RMR where coefficients of correlation, R’ are 0.705 and 0.777
respectively. As a result, they are good quantitative indices for the prediction of TBM net penetration rate in the extremely
hard rocks. Magnitude of in-situ stress has a certain effect on TBM performance, and it is required to measure the in-situ
stresses in TBM excavation design.
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Fig. 1. Geologic map around the Milyang tunnel site
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Table 1. Mechanical properties of granite and extremely hard rocks.

Sample Name Bulk Elastic Wave Velocity (km/sec) Uniaxial Comp. Tensile Strength Shore Numbers
ple | . . Strength J of Tested
(Location)  Specific Gravity P-wave S-wave (MPa) (MPa) Hardness Specimens
Granite
(3000~4400 m) 2,61 475 2.60 268 14.1 111(96~121) 36
Granophyre
(4600 m) 2.62 5.26 2.84 374 16.3 117(97~125) 16
Hornfels
(4400 m) 2.97 6.60 3.28 407 14.7 104(95~113) 10
Andesite
(4000 m) 2.82 6.17 292 305 219 108(94~116) 10
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Fig. 2. Sea levels of TBM tunnel and ground surface.
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Fig. 3. Average values of Schmidt hammer rebound
and RMR.
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Fig. 4. Average net penetration rates in month.
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Table 2. Geotechnical data for 3 classified boundaries in
the Milyang tunnel.

Rock Type Granite - A Granite - B Granophyre
Location (m) 300~2800 2800~4400 4400~4800
Average Overburden 188 484 235
(m)

Uniaxial Comp. St. 176 MPa 268 MPa 374 MPa
Schmidt H. Rebound 54.9 62 62
Abrassive Hardness 6.0 72 10
Predicted PR. (mv/hr)

Komatsu prediction 312 1.56 0.31
N T H prediction 1.56 0.78 0.39
Tarkoy prediction 1.06 043 0.30

mean 1.91 0.92 0.33
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Fig. 6. Net penetration rates vs Schmidt hammer re-
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