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A Study of Simple Rock Mass Rating for Tunnel Using Muitivariate Analysis
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SYNOPSIS : Rock Mass Rating has been widely applied to the underground tunnel excavation and
many other practical problems in rock engineering.

However, Rock Mass Rating is hard to make out because it is difficult to estimate each valuation
items through all kind of field situations and items of RMR have interdependence. So the experts of
tunnel assessment have problems with rating rock mass.

In this study, using multivariate analysis based on domestic data(1011EA) of water conveyance
tunnel, we presented rock mass rating system which is objective and easy to use.

The constituents of RMR are decided to RQD, condition of discontinuities, groundwater conditions,
orientation of discontinuities, intact rock strength, spacing of discontinuities in important order. In
each step, we proposed the best multiple regression model for RMR system. And using data which
have been collected at other site, we examined that presented multiple regression model was useful.
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Number R* AdJusted R? AIC MSE Variables
1 Osiet - osiee 3ol WAL D0 o T RQD
1 0.70250 0.70220 4250 66.83 ‘ DS

=
1 0.55108 055063 4666 100.85 GW
1 008433 0.08342 5387 205.70 o _SD
2 - 082792 0927 2819 1621 Ghean RQD DC
2 0.89882 0.89862 3162 22.75 RQD GW
3
2 0.68613 0.68551 4307 70.58 DC SD
2 059442 0.59362 4566 91.20 ___ GwW D
3 0.95001 095076 2433 11.05 ; RQD DC GW
3 0.94921 0.94906 2467 1143 RQD DC SD
e
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Model Sum of Degree of Mean of F Significance
ode Square ‘ Freedom Square Probability

1 AEIAAEY 183871 1 183871 4336 0.0001
T} 42791 1009 4241

9 A3 AEN 210324 2 105162 6488  0.0001
22} 16339 1008 16.21

3 AP AN 215536 3 71845 6502 0.0001
ZHA¢ 11127 - 1007 11.05

4 DAY AEY 220335 4 55084 8758 0.0001
ZEA} 6328 1006 6.29

5 APIPAEY 224580 5 44916 21676 0.0001
2} 2083 1005 2.07

E 5dlA e =3 1(RQD), 2(RQD, AaAd), 3(RQD, A3, A34), 4RQD, A=, A3+,
BAAS), 5(RQD, AAel, A5, RAAS dSASAE)Z FANAeH, sARAFAY] By 2
T s & & Add

T3, AAIGH AL Fio HAH tFIAALE duz FAAEMH HolH(outlier)? FAE %
t} & 24 A (multicollinearity)] AEE &3t tFFA A (multicollinearity)o] & AHWMFE Alojof A
#Z<(linear dependency)9] #AE 3l thFFHAAde] e AS, e HAUNUFTEY AFdAPe=
BF¥E & I AgEFe 713U ARE AFHA RdAEH A 8L A R, oy B,
AR AAFTEY FAX BAo] AUA AXA Hol FAAAFEY FAAN EAXAFSA Hy F
A X7t AZAEA ARNDZ BAA FEo] WE uls} gA €.

X, AAE 2y gdFFAAY EAARE stz FeiA 4 (condition index), EAHHlE T
AESAY HEZAF A3, dFYEZE, EYAF, dEnF 5ol L8E RPdAE A3, 45
275, RAASF, HIPFHo) dFFAAHY JFE FaA 2 AU TFFAHY Bl At
o2 ANZ #AAE 7MW AYHFY dRE AAGE Ao 71 dubA Wwoln, FAHEHAY F
& o83 dFFHAHEL %A sl HWFE FMEtE WHel At B dAFdAE R¥TAS] A
o] oA olglst MFE AASAA FAASFIE 09014 dFIARY S A ATH

T3, o)X Fo Fago] E HolHE AEdr] Aty JFHEX(influence analysis)E A3+
o]g] gt HlolEHE AAZ Fo OFIALNE HAHNUL HAFHoz L& F dAdAY HAH uF
AARYL E 59 #on I FA AFASFI 0901300 thEFAAHe] TS HS AFE AAS
A9 IARY L S 2.

RMR=1.74+2.05 - RQD+1.69 - A& Al (1)
(adjusted R? : 0.93) :

RMR=1.27+1.89- RQD+1.28 - A&]4el +0.97 - A 85 2)
(adjusted R® : 0.95)

A9 2AAFY BS AFE 7P wek 0811414 099744 A o] Frhstih

ALY HsEQ, 2=, Ftd, da WP g By F& 2 FT8A] FF Ao ohyxvt A
gds Zxo dAREHY F$E A2y dFIAH YL vAER o] FEA dF FALA
A AE7 2 7dh 2 AARY Y HAATS ARG BAATE & 5% 60 eI
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Model Parameter Standard ¢ Significance 95% confidence interval
Estimate Error Probability Lower Upper
&) 14,32 0.49 29.38 0.0001 13.37 15.28
! RQD 2.86 0.04 65.85 0.0001 2.78 2.95
&) 1.74 0.43 401 0.0001 0.89 259
2 RQD 2.05 0.03 61.19 0.0001 1.99 2.12
el g 1.69 0.04 40.40 0.0001 1.61 1.7
B+ 127 0.36 353 0.0001 0.56 1.97
RQD 1.89 0.03 65.67 0.0001 1.83 1.4
3 DA 1.28 0.04 3269 0.0001 1.21 1.36
A & 097 0.04 21.72 0.0001 0.88 1.05
B4 775 0.36 21.64 0.0001 7.04 8.45
RQD 1.87 0.02 86.24 0.0001 1.83 1.91
4 e 1.20 0.03 40.41 0.0001 115 1.26
A & 0.96 0.03 28.71 0.0001 0.90 1.03
RAAF 1.08 0.04 27162 0.0001 1.01 1.16
) 4,06 0.22 18.35 0.0001 362 -4.49
RQD 1.34 0.02 78.05 0.0001 1.30 1.37
5 g 107 0.02 61.89 0.0001 1.04 111
A 8 1.00 0.02 51.85 0.0001 0.96 1.04
BAA 1.05 0.02 46.89 0.0001 1.01 1.10
YEA&7E 112 0.03 45.26 0.0001 1.07 1.16
® 6 289 AARAF
Model R R* Adjusted R | Standard Error | R* increment | F Increment
1 0.901 0.811 0.811 6.51 0.811 4336
2 0.963 0.928 0.928 402 0.117 1632
3 0975 0.951 0.951 332 0.023 472
4 0.986 0972 0972 250 0.021 763
5 0.99% 0.991 0.991 1.44 0.019 2049

5. E| & mYAof Cigt HEYH HIL

2 A7 dL GFIANY FEAHE AFEr At B g ArzARR(2067128)9% 4719
Z 7 EHolHE o'®3 4% RMR #&# AL o] &% dF RMR#E dcIATHAA &
Ae BRAATE o83 45 vAIHT(K 7)

¥ 7 7 2% ©g AZRMRI < ZRMRe| Ato|d] FAASF
2y Heg i A1 F2[A2F2 | A3F¢]A4732 ]| 819 AvzA A
1 RQD 0.881 0671 0.831 O.§§§_‘ 0.703
2 RODDC 0.961 0.874 0903 | 093 | 0932
3 | RQDDC GW 0971 0.920 0.962 0963 | 0.936
4 RQD DC GW SD 0.980 0.943 0.982 0979 0.942
5 RQD DC GW SD SC 0.993 0.990 0.990 0.990 0.967
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2425 RMR %7te4: RQD, A94H, Ass, B4, AZYFPEY €02 FAE7} AT
on W4 4ol UFFHYY EAE YAAA = RPo A RQD, ey, Aseel BY
thgd ¥ 7 dFRARY L AASA,
RMR=1.74+2.05- RQD+1.69 - =3¢
RMR=1.27+1.89 - RQD+1.28 - A2 AHe} +0.97 - M3k
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