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Tunnel deformation happens by excavation. After installation of support, tunnel is gradually stabilized over time.
Effect of excavation on tunnel behavior decreases as increase of distance from face. If the time that the displace-
ment converges by tunnel stabilization is estimated, processes after stabilization can be advanced and economic loss
can be reduced. In this study, the distance of displacement convergent point from face in the tunnel constructed on
sedimentary rock is estimated using control chart method. As the results of analysis using a control chart, displace-
ments in a sedimentary rock tunnel are converged within 100 m from each tunnel face.
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Table 1. Classification of quality control(QC) chart by data types.

Quantitative data

Qualitative data

X (sample mean) QC chart

R (range) QC chart

x (individual data) QC chart

R, (range of adjacent data) QC chart
x (median) QC chart

s (standard deviation) QC chart

MR (moving range) QC chart

MA (moving average) QC chart

p (fraction defectives) QC chart

np (number of defectives) QC chart

¢ (number of defects) QC chart

u (number of defect per unit) QC chart

EWMA (exponentially weighted moving average) QC chart

CUSUM (cumulative sum) QC chart
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Table 2. Numbers of each control charts divided by tunnel support patterns.

Support pattern

Classification Total

I u m v A" Vi
x control chart 8 37 100 15 23 16 199
MR control chart 48 222 600 90 138 96 1,194
Total 56 259 700 105 161 112 1,393
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Fig. 1. Method of drawing up of MR control chart (k=10).
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Fig. 2. x control chart of IV class rock mass.
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Fig. 3. MR control chart of MG-2 among IV class rock mass.
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Fig. 4. MR Control charts of IV class rock mass (k= 10).
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Table 4. Results of MR control charts for IV class rock mass.
Mg Mg Mg Mg Mg Mg Mg Mg Mg Mg Mg Mg Mg Mg Mg
Rage " ' 3 4 5 6 7 & 9 -0 -1 -12 -13 -14 -15 Max Min Av
k=5 6 27 17 7 17 9 6 16 16 12 10 10 19 39 21 39 6 155
=10 6 27 17 7 17 31 6 16 16 12 10 10 19 39 21 39 6 169
=15 6 27 17 7 53 31 6 16 16 12 10 10 19 39 21 53 6 19.3
=20 11 27 17 7 53 31 24 16 16 12 10 10 19 39 21 53 7 209
=25 11 27 17 7 53 31 24 16 63 12 10 10 19 39 21 63 7 240
=30 11 37 19 7 54 34 24 16 63 12 10 10 19 40 21 63 7 252
Max, 11 37 19 7 54 34 24 16 63 12 10 10 19 40 21 63 - -
Min. 6 27 17 7 17 9 6 16 16 12 10 10 19 39 21 - 6 -
Av. 85 288 173 7.0 412 278 150 160 317 120 100 10 190 392 210 - 203
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