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Because of using the same rating ranges for every rock types the RMR or the Q-system could not usually consider
local geological characteristics . They also could not present sufficiently the engineering anisotropy of rocks. The
canonical correlation analysis was carried out with 3 kinds of face mapping data obtained from granite, sedimentary

rock and phyllite in order to clarify a discrepancy between rock types. According to analysis results, as a type of
rocks changes, RMR factors have different influences on the total rating of RMR.
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EHHA B3tk o= B A F A A Ruele g A
A 802 g35te, o Ao S o
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2001; Yasar, 2001; Kim & Yang, 2004).
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[stepl] Determine response and

explanatory variables

Response variable : support pattern
Explanatory variable: 5 variables
including rock strength, RQD, etc.

[step2] Use dummy variable
— Generate two sets of variables

|

[step3] Apply canonical correlation
analysis

467

\ |

st canonical coefficient

2nd canonical coefficient

|

[step4] Impose
st weight

[step4] Impose
1st weight

Multiply p( Ws, Vz)

[steps] Impose
2nd weight

[step5] Impose
2nd weight

Multiply B, (Y| ;)

Multiply R, ( Y| 17V2)

I

kth cancnical coefficient ’

|

[step4] Impose
1st weight

Muttiply p( W3, V;)

[step5] Impose
2nd weight

Multiply B, (V| W)

|
|

[step6] Compute quantification value
for each explanatory variable

Use equation (10)

|

[step7] Compute final quantification value

Compute relative importance(%)

Fig. 1. Quantification process chart using canonical correlation analysis.
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Table 1. Basic data of RMR factors and tunnel support patterns in 3 tunnels.

Atunnel(n = 1540)

B tunnel(n = 168)

Ctunnel(n = 311)

Dummy variable
Frequency | Percentage | Frequency | Percentage | Frequency | Percentage
1 e 32 0 00 156 502
2 2%1 170 37 20 18 58
Tunnel support 3 735 477 19 292 110 354
pattern | P 4 28 155 62 369 2 64
5 201 131 15 89 3 10
6 56 36 5 30 13
1 384 219 0 108 B1
2 81 5.3 39 32 129 45
m varl | 3 209 136 119 708 56 180
4 % 62 10 60 19 61
5 0 00 0 00 4 13
1 01 18 107 56 180
2 ® 281 14 83 107 344
RQD  |va2| 3 709 460 5 310 % 306
4 159 103 56 330 5 167
5 29 155 28 167 1 03
1 4 03 0 00 % 306
. 2 30 255 2% 143 65 209
diiﬁ;ﬂ%ﬂf’tfies var3 | 3 658 07 50 298 127 408
4 318 207 78 164 » 74
5 168 109 16 95 1 03
1 0 00 0 00 62 199
- 2 M 29 2% 143 159 511
di?f(‘i‘gggit?efs vard | 3 647 20 5 310 7 B2
4 845 549 74 1 17 55
5 4 03 18 107 1 03
1 141 92 0 00 67 715
2 919 597 7 09 133 08
Groundwater § varS | 3 381 247 55 327 49 158
4 % 61 31 185 40 129
5 5 03 10 60 » 71
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Table 2. Results of canonical correlation analysis for B tunnel.
. 1st canonical 2nd canonical 3rd canonical 4th canonical
y variable coefficient coefficient coefficient coefficient
1 2 1568 -1.014 0182 0.007
Tunnel support 3 0343 1414 0542 -0.063
type | 4 -0.825 -0.119 0.973 0.241
pattern 5 1198 1304 2447 1,008
6 -1.143 -0.960 -0.763 -5.440
2 0102 -0.733 0.536 -0.033
mg;hm cl’f varl | 3 003 0215 0168 0285
4 0.000 0.299 -0.087 3.525
1 0315 -0.130 -0.045 0.401
2 0.240 0361 0250 0546
RQD var2 | 3 0.042 0227 0.310 0.561
4 -0.108 ‘ 0.019 -0.279 0.64
5 -0.186 -0.195 0115 -2.861
2 0516 -0.875 0.016 -0.200
Spacing of var3 3 0.107 10483 0.687 -0.353
discontinuities 4 -0.195 -0.029 0405 0.111
5 -0.158 -0.052 0.147 0.864
2 0.954 0489 0222 0232
Condition of vard 3 0.355 0.674 0435 -0.182
discontinuities 4 -0.380 -0.030 0.851 0.139
5 -0.735 -1172 -1.946 0.266
2 0.181 2.003 0132 0.034
3 0.079 1537 0.032 0.059
Groundwater | var5 |, 0257 1214 0451 0309
5 -0.074 1.800 0.625 0.389
o2 Follr,

[2A2] Table 28] A1 AZAGFE o] 83} A A [SA3] [FA]~[SEA2NAH A od uh-SH
HHTE TS o] FF WFo g upito] 2} &, (y1)% FA AHSFE(21l, 221, -+, 251) 1Y
N2 oG8 dguse Z3) A 8A-g A A s

[SHA14] yl 3} 7} A (varl~varb) 7+2| WA
z11=0.102 - vari2—0.033 - varl3 AGY AFLE TS AL B 13
221 = 0.315 - var21+0.240 - var22
+0.042 - 23—0.108 - 24
_ . var 0 var Partial Corr® (yl, vari)
0.186 - var25 Type3 S )
ype var 1
231 =0.516 « var32+0.107 « var33 = ; )
—0.195 - var34—0.158 - var3s 12 Type3 SS(var i)+ Error 5§ 13)
241 =0.954 - vard42 + 0.355 - vard3 i=1.-.5
—0.380 - vardd —0.735 - vard5 T
51 =0.181 + var52—0.079 - var53 s .
~0.257 - varb4—0.074 - var55 A A ANA S5 A R (sum of square) & o] Ak,

(A [SA~[2A4] ) AA-E A2, A3, .8 E
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Table 3. Calculation of quantification value of explanatory variables for A tunnel.

1st canonical |2nd canonical |3rd canonical | 4th canonical |5th canonical |quantification
Parameter coefficient | coefficient | coefficient | coefficient | coefficient value
partial ial partial artial ial ial
range corr. range p(?;:lr range COort. range pCOIT. range pCa(l)‘iIfl' range pCasI.ir
Strengthof 1 15 | 0464 | 0897 | 0346 | 1339 | 0321 | 2401 | 0305 | 0979 | 0:055 | 0790 | 0270
intact rock
RQD. 1240 | 0542 | 1.304 | 0398 | 1.339 | 0342 | 1371 | 0394 | 2483 | 0230 | 0.995 | 0310
Spacingof 1 6| 0597 | 1982 | 0580 | 2194 | 0543 | 3813 | 0381 |4700| 0197 | 1492 | 0411
discontinuities
Condition of 1 1or | 0,049 |0495| 0220 | 0580 | 0.087 | 1767 | 0138 | 1205 | 0127 | 0.428 | 0.083
1scontinutties
Groundwater | 0.560 | 0108 | 0.561 | 0189 | 0391 | 0.124 | 2.858 | 0.194 | 1.677 | 0180 | 0433 | 0.108
Canonical total | total
i 0.957 0.802 0.680 0379 0300 | o0l 10
RXY*| W) 0.248 0.239 0401 0.088 0.074 1.000
Table 4. Calculation of quantification value of explanatory variables for B funnel.
Istcanonical | 2ndcanonical | 3rd canonical | 4thcanonical | quantification
coefficient coefficient coefficient coefficient value
Parameter artial partial prtial partial i
p partial
range Corr., range COrt. range Cort. range COtIt. range COtrt.
Strength of
ek 0135 | 0012 | 1082 | 0128 | 0704 | 0.041 | 3811 | 0007 | 0539 | 0180
RQD. 0501 | 0.046 | 0588 | 0.050 | 0589 | 0.046 | 3505 | 0068 | 0499 | 0182
‘Spacing of 0711 | 0094 | 1358 | 0138 | 1.092 | 0109 | 1218 | 0.004 | 0857 | 0275
discontinuities
Condition of 1) o0 | 0510 | 1846 | 0381 | 2797 | 0492 | 0499 | 0585 | 1697 | 0566
1scontinuities
Groundwater | 0439 | 0132 | 0789 | 0110 | 1.076 | 0.063 | 0698 | 0224 | 0616 | 0269
Canonical total | total
correlation 0955 0846 0.741 0369 4206 | 1472
RA Y| W) 0323 0.324 0.320 0.034 1.000
AZEA G s 343} o) FA oA BY Al WA Table 3 ~ 59} 2T},
o] o2 A &, U e 33 g e e Table 6 7} B'd o] =33} gh-& 2F 4o O 3l Al

A9 YA S92k
$19] Table 29} 2-& A2 2E] W& o] §31ef 3
A Eldel 2 ARy SBE ALE Ads

A F2EMH) L2 Ut Aotk o] A= AE
FBENES TR A ABEFA NG HAF TF3 gk e
ou gt
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Table 5. Calculation of quantification value of explanatory variables for C tunnel.
1st canonical | 2nd canonical | 3rd canonical | 4th canonical | 5th canonical | quantification
coefficient | coefficient | coefficient coefficient coefficient value
Parameter artial artial artial artial artial partial
range pcorr. range pcorr. range pcorr. range pcorr. range pcorr. Tange | corr.
Strength of
intact rock 3.007| 0.222 | 2740 | 0.146 |3.019 | 0.202 |1.558 | 0.075 |2.571| 0.114 | 1.146 | 0.076
RQD. 2160 | 0.116 | 4610 | 0.155 |4.358 | 0.173 |3.272 0.131 |1.069| 0.094 | 1.426 | 0.060
Spacing of
discontinuities | 0599 | 0133 | 1494 | 0.125 | 1476 | 0.162 | 0.800 | 0.047 | 0.548 | 0.056 | 0.441 | 0.054
Condition of
iscontinuities 1981|0142 | 7186 | 0.163 |1.409 | 0.206 | 2.716 | 0.106 |3.832| 0.161 | 0.954 | 0.069
Groundwater 18721 0331 | 0964 | 0272 | 1.560 | 0.175 | 2192} 0.207 |2.357 | 0.167 | 0.698 | 0.09%
Canonical total | total
correlation 0.590 0456 0.373 0.313 0272 4665 | 0.355
R%( Y7 ’[7[/;) 0.206 0.079 0.505 0.158 0.053 1.000
Table 6. Results of quantification analysis for 3 types of rock.
A(Sedimentary) B(Phyllite) tunnel C(Granite) tunnel
Parameter |1l (2= 1540) (n=168) (n=311) Rlztilvrl;s
Ratings | partial corr. | Ratings | partial corr. | Ratings | partial corr.
Strength of
oength of 19 23 13 12 25 yil 15
RQD. 24 26 12 12 31 17 20
S f
gopacngof 36 35 21 19 9 15 20
Condition of
discontinuities 10 7 40 38 20 20 30
Groundwater 10 9 15 18 15 27 15
Total 100 100 100 100 100 100 100
Zo] gl Aste FReA vz A A
2n EQ & AR A FhAA Mst7 AstA g%
& UehgE el
7§59 2 RVRS WA% ALEAE T AE Holgh §9el B A% BE F Y gol
H O3 20 HAY HAd AHLY AdAD & 2348 BoFa g, dgdeelr s 404
B Al geie] wio] 108024 A3 A © 2 RMR ¥ &<l 3031 ofl Wlste] 31, 4=+ 13
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