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A tunnel rock mass classification technique and its applicability using
electrical resistivity and seismic wave velocity
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Abstract

Electrical resistivity prospecting has been recently increased in the application to tunnel,
landslide and other investigations in the civil engineering field, Therefore, it is essential to
establish the rock mass classification technique using electrical resistivity data, In this paper, the
authors, try to propose a technique which can classify tunnel rock mass using seismic wave
velocities derived from electrical resistivity data, In addition, the applicability of the proposed
tunnel rock mass classification technique is discussed, by comparing estimated support patterns
with actually performed ones.
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Table 1. Influencing factors and degree of the resistivity of rock

Influencing degree

Geological conditions of rock

Influencing factors

Low resistivity —————— High resistivity mass
) Saturated condition Large Small Weathered and fault fractured
Porosity
Unsaturated condition Small Large zones
P.or‘e-fluld resistivity Low High Components of groundwater
(Resistivity of groundwater)
Water saturation Large Small Groundwater table
Water content by volume Weathered and fault fractured
. ) Large Small
(Porosity and water saturation) zone
Clay content Much Little Weathered and altered zones
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Fig. 1 Distribution of resistivity for rock and soil for—
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Table 2, Descriptions of granite specimen
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o 20 WA A 2, o A
g2 7 $AIE (function generator), AR
(signal conditioner), A&Z*]2]%- (data processor),
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Specimens Shape Diameter (cm) Length (cm) Density (g/cm®) Porosity (%)
A Cylindrical 477 9.76 2.63 2,59
B " 4,69 9.76 2,62 0.99
C " 4,72 9.34 2.66 5.24
D ” 476 9.51 2.62 2.20
E ” 476 9.63 2.63 1.23
F n 4,75 9.75 2,68 3.81
G " 476 9.62 2.63 2.03
H ” 4.75 9.10 2.61 2.58
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Fig. 2 Resistivity measurement system
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Fig. 3 Schematic view of specimen holder, C and P
are current and potential electrodes, respectively
(Park and Matsui, 1998)
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Table 3. Parameter conditions (Geophysical logging)

Used values
Parameters i
Granite Sedimentary
rock
Intrinsic matrix velocity 492 5 51
V, (km/s) : :
Water velocity 15 15
V, (km/s) : .
Intrinsic matrix resistivity 10.561 3.000
R, (Qm) ’ ’
Water resistivity 62 20
R, Qm)
Cementation factor (m) 2.1 1.9
Velocity(km/s)
100 4 5 l.': )
1 1 -
1 W =
asured Vel.
1y
g 140
‘g L
B, 150
5]
@] - [ ]
Calculated Vel.
T 1 —
IR0 1 B
et T [ 4
ELL) ‘ Ll

Granite Sedimentary rock

Fig. 5 Comparison between calculated velocity and
measured velocity for granite and sedimentary
rock formation
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Table 4. Parameter conditions (Tunnel)

Parameters Velocities of the tunnel route
Ground velocity
v, (km/s) 24-25126-27|28|3.2|3.4
Core velocity
v, (km/s) 3.6 3.7 3.813.9|4.0
Water velocity Water resistivity
v, (km/s) 15 R, @m) | ?°
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Table 5. Rock mass classification by derived seismic
wave velocity on resistivity distribution

Velocities of the tunnel route (km/s)
24-25(26-27| 28 3.2 3.4
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Fig. 6 Comparison of estimated support patterns with actual support patterns obtained from the railway tunnel in

Japan
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