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A Study of Efficient Rock Mass Rating for Tunnel Using
Multivariate Analysis
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\ Wye, Yong—Gon No, Sang-Lim Yoon, Ji-Son J
Abstract

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, even by the experts of tunnel assessment owing
to lack of investigation system. In this study, using multivariate analysis we presented rock mass rating system
that is objective and easy to use. The constituents of RMR are decided to RQD, condition of discontinuities,
groundwater conditions, intact rock strength, orientation of discontinuities, spacing of discontinuities in
important order. In each step, we proposed the best multiple regression model for RMR system.

Keywords : Rock Mass Rating, Tunnel, Multivariate analysis, Multiple regression model
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Name of classification Originator and date Country of origin Applications

Rock loads Terzaghi, 1946 USA Tunnels with steel supports
Stand-up time Lauffer, 1958 Austria Tunneling

RQD Deer, 1964 USA Core logging, tunneling
Intact rock strength Deere & Millier, 1966 USA Communication

RSR concept Wickham, et al. 1972 USA Tunneling

RMR system Bieniawski, 1973 S. Africa & USA Tunnels, mines, foundations
Q-system Barton, et al. 1974 Norway Tunneling, large chambers
Strength/block size Franklin, 1975 Canada Tunneling

BGD ISRM, 1981 International General
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A B C D E F G

A HlE 15 25 11 2 0 0 0

% 50 44 3 1 0 0 0

B HlE 3 10 50 51 1 0 1
% 10 18 16 30 3 0 100

AlSH C HE 9 12 184 78 25 1 0

TYPE % 30 21 b8 45 64 17 0

D HlE 3 4 58 34 6 0

% 10 7 18 20 15 33 0

E HlE 0 6 12 7 7 3 0

% 0 10 4 4 18 50 0

A HE 30 57 3156 172 39 100 0
% 100 100 100 100 6.3 100 100
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3 0.92502 0.92398 6257 478.15746 SCA RQD DCA
B
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e
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4 0.71789 0.71265 24128 771.68141 SCA DSA SDA NUM
5 0.98981 0.98958 670 43.02389 SCA RQD DCA GWA DSA
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5 2UEME
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ZHx 6377 219 29
5 S| HEA 22719 2 11359 1012 0.0001
KERF 2444 218 11
3 M| EA 23503 3 7834 1024 0.0001
ZEX} 1659 217 7
A RS AAjEgEt A vt e . 3RQD, HEMdH, Ask) R Adstlen 3
< % 99k Ao} mye W golghs o 4 glek
4, #4045 RMRE $31 RMRR49H Halzel g sl A Bojo] 24 tgalias
TE SHUSE TV o] e QA5 ANS= 7 YAk AR 5ol (outlien)?] HE B thEaA
ol ARAGE] gho] 1= vef ebdet o] Hgitk o] Amulticollinearity)®] HEE s3It
2L ARt Avfe wekE:, kARt oj2fRt M 5 A A, AR 2y tge3Ald e EA RS Eelst
geo] w2 s AES sk, RQD, deH el 324} AEiAIgx(condition index), #AME 55 HES)
(DCA), A8k=(GWA), Z4=(SCA), HA(SDA), &) 2t4 itk A=A RQD, Heldd, Aske, 2=, d=1t4
DsA)9] Atz A=, webA olefet Hess  Fo] Zohd ZYoMe Heldd, A, Attty 5ol
o]-g-5to] 3)FEAl S AAlEkITh U341 gk AL glle ofF WAlE Al A4
ESH A S ARF Y] foldS AFel] flstel & Yol 7 A "t A A|LfRt AdHloll A A4S 7t
Ak AAISHITE GE D) A1} Ae geot 7= Afolof thsgAdo] 2T &
E 5049 2 1(RQD), 2(RQD, HeldH), = USIeh te5A4d 2] wAlol thaetoze A= o

m
1y
b}
>



CHHREAS o83 B'@ollA 9] &2 ghihifrol A3t A+

sto] gk (influence analysm)% A3} o]
glolEE A Sl s8] AAlskt. 2
oz A2 Ao oY vt Lk (R 6.

T, oA Foll ¥F

77ko] vl B3t H20] S|FRBL theat

RMR = 13.07+2.75 - RQD

(adjusted R? : 0.75)

RMR = 4.04+1.87 - RQD+1.62 - HejAle]
(adjusted R : 0.90)

RMR = 2.76+1.74 - RQD+1.34 - Az}

J&H
o
rlu
En)
E
aﬂ
o
nﬁ§'

@

(adjusted R* : 0.93)

o

ool AaHA 1, 2, oMM & = ol ZAzre| W

3‘4* o] A FS o =8 E AA] A5

5 S7HF| wet 0.75004 0.93714] o] 2
7}8}‘2‘1 :

Ao W51, A, HejxtA, 4
2 Aefte] ol thgt HAe] A5 J
Zlo] opy x|t HejztA s} Zymet Hel el 3= *1
270 vl el Adiet RS mIHER o] R
tfst EAsHAQl AEZL arHc) de] weRdol st
Hgo] ol dubd o dejo FoFEAlet Bd
el A NEAR] el o R mofsio] HAof
stz HAAQ kg7l mAj= ko] Akl &

g,

o|

Mo
oL

S

>~

%

° g
Lok

~

+0.76 - A8l 6)
# 6. 22| 3|HAS
M Parameter Standard Significance 95% confidence interval
odel Estimate Error Probabilit
y Lower Upper
1 (A 13.073 1.195 10.943 0.000 10.718 15.427
RQD 2.754 0.108 25.400 0.000 2.540 2.968
(A== 4.044 0.884 4573 0.000 2.302 5.787
2 RQD 1.868 0.082 22.710 0.000 1.706 2.030
| Al 1.619 0.086 18.726 0.000 1.449 1.789
(&) 2.735 0.742 3.687 0.000 1.273 4.197
3 RQD 1.743 0.069 25.237 0.000 1.607 1.879
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H 7. 289 AFEAS
Model R R? Adjusted R? Stg?r%?rd incrsinent F Increment
1 0.86 0.75 0.75 5.40 0.747 645
2 0.95 0.90 0.90 3.36 0.156 350
3 0.97 0.93 0.93 2.77 0.031 102
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