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Tunnel behavior measured by monitoring during construction is a main item for safety evaluation and it depends
widely upon local geological characteristics. To assess in this study how much the geological factors influence on
tunnel behavior for each RMR factor, a quantification analysis was carried out using tunnel face maps and mea-
surements as explanatory variables and dependent variables, respectively. The results showed that average signifi-
cance of the influence of RMR factors - R1, R2, R3, R4 and R5, on tunnel displacements are 17.0%, 20.4%,
20.4%, 11.6% and 30.6%, respectively, and this probably indicates that the groundwater condition played a signif-
icant role for the tunnel displacement.
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Table 1. The characteristics of discontinuities in the study area.
o SET1 SET2 SET3 Total
Field index
Mean ISRM Mean ISRM Mean ISRM Mean ISRM
Orientation 16/184 - 79/285 - 80/033 - - -
Spacing(cm) Close 234 Moderate 24.1 Moderate 23.9 Close
Persistence(m) 17.0 Medium 241 Low 2.88 Medium 7.51 Very low
Roughness - JA'AY - \Y - v - A%
JCS(MPa) 57.1 Strong 66.9 Strong 62.3 Strong 62.9 Strong
Aperture(mm) 0.8 Very tight 1.27 Open 1.18 Open 1.08 Open
Seepage - I - I - I - I
Weathered - I - 111 - I - m
RQD(%0) 58.5 Fair 58.5 Fair 58.5 Fair 58.5 Fair
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Fig. 1. Histograms showing frequencies of RMR values by each rock mass grade.
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Table 2. Statistical characteristics of RMR factors by each rock mass grade.

Statistical characteristics

Rock type Number Factor Mean rating Median rating Mode rating  Standard deviation Range of rating
Rl 13.1 13 14 0.82 6
. R2 13.8 15 15 2.15 9
R3 13.9 15 15 2.14 10
I 408 R4 16.9 16 16 2.81 15
RS 11.6 10 10 2.41 1
RMR,, 69.3 69 72 3.59 18
Rl 11.5 12 12 1.25 8
R2 11.7 12 10 2.70 12
R3 10.1 10 10 1.80 7
= 4 R4 10.1 10 10 2.09 13
RS 9.3 10 10 1.70 15
RMR, 52.8 54 58 5.48 19
Rl 6.1 6 6 1.66 9
R2 42 3 3 227 8
R3 6.0 8 8 2.66 10
v 341 R4 4.7 4 4 1.89 9
RS 6.8 7 7 1.50 6
RMR, 27.8 28 21 6.45 19
Rl 38 4 4 0.82 3
R2 3.0 3 3 0.00 0
R3 33 3 3 0.76 2
v 24 R4 4.1 5 6 2.43 7
R5 47 4 4 1.31 4
RMR, 18.9 10 20 1.67 4
R1 10.6 12 12 2.96 13
R2 10.5 1 3 4.40 15
R3 10.1 10 10 3.56 20
Total - 1.547 R4 10.6 10 10 4.88 2
RS 9.3 10 10 2.56 16
RMR, 51.1 55 59 15.88 63
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Fig. 2. Relationship between RMR values and crown settlements.
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Table 3. Categorized explanatory variables.

A tunnel(n=203)
Frequency Percentage

Dummy variable

1 52 25.6

Strength of 2 112 55.2

intact rock varl 3 23 11.3

(R1) 4 16 7.9

5 0 0.0

1 0 0.0

2 60 29.6

I({ISZI; var2 3 94 46.3

4 16 7.9

5 33 16.3

1 1 0.5

Spacing of 2 55 271

discontinuities  var3 3 88 433

(R3) 4 36 17.7

5 23 113

1 0 0.0

Condition of 2 51 25.1

discontinuities  var4 3 103 50.7

(R4) 4 47 232

5 2 1.0

1 17 8.4

2 127 62.6

Groundwater vars 3 2 207
(R5)

4 16 7.9

5 1 0.5
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Table 4. Results of quantification analysis.

Explanatory Category Frequen Original Centralized Partial Partial RMR
variables gory quency quantification value quantification value £e correlation (1) correlation (2)  ratings
1 52 23399 0.2273
f:tzztgtr'; o2 -3.0641 04972 1939 02410  0.0288 s
®1) 3 23 -2.4454 0.1215 (19.53%) (1925%)  (12.19%)
4 16 0.0000 2.5669
2 60 0.9882 —0.1367
RQD 3 94 1.4810 0.3561 1.7312 0.2521 0.0557 20
(R2) 4 16 1.8652 0.7403 (17.44%)  (20.13%)  (23.60%)
5 33 0.0000 -1.1249
1 1 2.2575 1.9685
Spacing of 2 55 0.4056 0.1166
distontinaities 3 88 0.0503 02387 21628 - 02685 0.0422 20
; : (21.79%) (2144%)  (17.89%)
(R3) 4 36 0.8242 0.5352
5 23 0.0000 0.2890
N 2 51 —0.1729 0.2023
d?s"c'(‘)‘l‘t'l‘s;n‘;fs 3 103 -0.6295 -0.2543 1.8702  0.1435 0.0109 30
(R4) 4 47 —0.0535 0.3217 (18.84%) (11.46%)  (4.62%)
5 2 0.0000 0.3752
1 17 3.1391 1.6051
Ground 2 127 1.4944 —0.0396 2730 0347 0,098
roundwater 22, .347 0984
®5) Z ‘l‘z ?S;Z gjjg Q240%)  Q12%)  (41.69%) 1
5 1 0.0000 -1.5340

50% 0 25 50%

(b) RQD (¢) Spacing of discontinuities

(d) Condition of discontinuities (e) Groundwater

I RMR rating [ Range EE=3 Partial correlation(1) B Partial correlation(2)

Fig. 3. Summarized results of RMR factors affecting tunnel behavior.
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