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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.
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Lauffer(1959) Wickham(1972)

.  RMR 

,

, , , 

.  1.

(Bieniawiski, 1984).

RMR ,

RQD, , , 

, 

. 

RMR . RMR 

, , ,

, 

. ,

1. 

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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(model formulation)

(model fitting)

(diagnostics)
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(DCA), (GWA), (SCA), (SDA), 

(DSA) . 
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5 1(RQD), 2(RQD, ),

3(RQD, , ) , 
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(outlier)

(multicollinearity) .

, 

(condition index), 

. RQD, , , , 

, , 

. 

4. 

Adjusted R2 AICNumber R2 C(p) Variables

3 0.92559 0.92455 6208 476.49963 RQD DCA GWA

3 0.92502 0.92398 6257 478.15746 SCA RQD DCA

3 0.50242 0.49551 42716 894.52463 GWA SDA NUM

3 0.42241 0.41439 49619 927.32989   DSA SDA NUM

4 0.96499 0.96434 2810     312.61291   SCA RQD DCA GWA

4 0.95028     0.94935 4080 389.80629 SCA RQD GWA SDA

4 0.72182 0.71665 23790 768.59621 DSA GWA SDA NUM

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

5 0.96957 0.96886 2417 283.74326 SCA RQD DCA GWA SDA

5. 

Model Sum of
Square

Degree of
Freedom

Mean of
Square

F Significance
Probability 

1
18786 1 18786 645 0.0001

6377 219 29

2
22719 2 11359 1012 0.0001

2444 218 11

3
23503 3 7834 1024 0.0001

1659 217 7
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(influence analysis)
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RMR = 13.07+2.75·RQD (1)

(adjusted R2 : 0.75)

RMR = 4.04+1.87·RQD+1.62· (2)

(adjusted R2 : 0.90)

RMR = 2.76+1.74·RQD+1.34·

+0.76· (3)

(adjusted R2 : 0.93)

( 1, 2, 3)

. 
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6. 

Model Parameter
Estimate

Standard
Error t Significance

Probability 
95% confidence interval

Lower Upper

1
( ) 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

( ) 4.044 0.884 4.573 0.000 2.302 5.787

2 RQD 1.868 0.082 22.710 0.000 1.706 2.030

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

1.339 0.077 17.497 0.000 1.189 1.490

0.764 0.075 10.128 0.000 0.616 0.913

7. 

Model R R2 Adjusted R2 Standard
Error

R2

increment F Increment

1 0.86 0.75 0.75 5.40 0.747 645

2 0.95 0.90 0.90 3.35 0.156 350

3 0.97 0.93 0.93 2.77 0.031 102
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