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Prediction of fault zone ahead of tunnel face using x-Rs control chart analysis

for crown settlement
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ABSTRACT: A measurement of tunnel displacement plays an important role for stability analysis and prediction of possible
fault zone ahead of tunnel face. In this study, we evaluated characteristics of tunnel behaviour due to the existence and
orientation of fault zone based on 3-dimensional finite element numerical analysis. The crown settlement representing
tunnel behaviour is acquired at 5 m away from tunnel face in combination with x-Rs control chart analysis based on statistics
for trend line and L/C (longitudinal/crown displacement) ratio in order to propose risk management method for fault zone.
As aresult, x-Rs control chart analysis can enable to predict fault zone in terms of existence and orientation in tunnelling,

Keywords: x-Rs control chart, Crown settlement, Prediction of fault zone, 3-D finite element numerical analysis
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Table 2. Representative physical and mechanical properties of rock mass rated RMR 1III for 11 data in

median values.

A
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Korea and their

Location Rock mass class Elasn((l:v[lll)‘l:)dulus Pmsst(n:]'s) ratio Uit vt ()
Yongin (Gneiss) 5,000 0.22 26.2
Ulsan (Granite) 5,000 0.25 24.5
Hongcheon (Granite) 7,000 0.25 24.5
Samcheok (Limestone) 7,000 0.25 24.5
Samcheok (Granite) 7,000 0.25 24.5
Gyoungju (Granite) 5,000 0.23 24.5
Gyoungju (Shale) 4,000 0.24 24.5
Asan (Gneiss) 5,000 0.25 24.5
Cheonan (Granite) 5,000 0.25 245
Seoul (Gneiss) 7,000 0.25 25.0
Yim et al. (2009, Sedimentary rock) 408 0.24 24.4
Median 5,000 0.25 24.5
Table 3. Fault properties derived from previous studies
Dalg 1 ¢ (2003) Lee & Lee (2009) Lee (2014)
Property Fault zone Fault gouge ~ Altered zone Fault core zone
Min Max Min Max Min Max
Elastic modulus (MPa) 130 640 70 110 50 250
Poisson's ratio (V) - - 0.265 0.28 0.25 0.30
Unit weight (kN/m’) - - 19.0 20.0 10.0 19.0
Table 4. Input parameters for 3-D numerical analysis in this study
Input parameter Rock mass Fault zone
MC=100
Elastic modulus (MPa) 5,000 50
Poisson's ratio (v) 0.25 0.32
Unit weight (kN/m’) 24.5 19.0
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Table 5. Averages and control limit values for each model using x-Rs control charts

Trend line of crown settlement L/C ratio

Case x control chart(mm) Rs control chart X control chart Rs control chart
z UCL LCL Rs UCL z UCL LCL Rs UCL

Case-1 -1.53 -1.35 -1.71 0.07 0.22 0.03 0.12 -0.06 0.03 0.11
Case-2 -1.72 -1.17 -2.27 0.21 0.67 0.06 0.17 -0.05 0.04 0.14
Case-3 -3.15 -0.15 -6.15 1.13 3.69 0.10 0.19 0.01 0.03 0.11
Case-4 -3.12 0.26 -6.50 1.27 4.15 0.11 0.20 0.02 0.03 0.11
Case-5 -1.76 -1.58 -1.94 0.07 0.22 0.30 0.50 0.10 0.08 0.25
Case-6 -1.25 -1.03 -1.47 0.08 0.27 0.63 0.97 0.28 0.13 0.43
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(f) Case-6

Fig. 8. x-Rs control charts for trend line of crown settlement (CL means center line)
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(f) Case-6

Fig. 9. x-Rs control charts for trend line of L/C ratio
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