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Abstract 
Four road tunnels, which consists of biotite gneiss and granite gneiss and shows a  similar geological conditions,

were selected in this study. Laboratory and field tests, the rock mass rating for the four tunnels were conducted. A

regression analysis was performed to find out the correlations of test results. It was proposed an equation of

reduction factor which can assess the deformation modulus for biotite gneiss and granite gneiss. It was also found

that there was a close correlation between Q and RQD in four tunnels according to the analysis between RMR and

Q, RMR and RQD, Q and RQD and laboratory and field tests.
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1600 ∼ 5700 m/sec
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2.2.1 A 

(1) 

· ：( ) = 2070 m, ( )= 2010 m

· ：11.3 m , ：8.3 m, 2 , NATM

(2) RMR Q 

A RMR Q

1, 2 .

450 ~ 2400 kg/cm2

30 ~ 160 kg/cm2

1400 ∼ 16000 Ωm

3200 ∼ 5700 m/sec

0.9 ∼ 8.4 × 105  kg/cm2

2. 

Terzaghi(1946)

Lauffer(1958)

RQD Deere(1967)

RSR Wickham(1972)

RMR Bieniawski(1973) ◎

Q Barton(1974) ◎
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2.2.2 B 

(1) 

· ：( ) = 2770 m, ( )= 2775 m

· ：11.3 m , ：8.3 m, 2 , NATM 

(2) RMR Q 

B RMR Q 3,

4 .

2.2.3 C 

(1) 

· ：( )= 2655 m, ( )= 2730 m 

· ：11.3 m, ：8.3 m, 2 , NATM 

(2) RMR Q 

C RMR Q 5,

6 .

1. A RMR 4. B Q-system 

3. B RMR 

2. A Q-system 

5. C RMR 

6. C Q-system 



3131

2.2.4 D 

(1) 

· ：( )= 420 m, ( )= 426 m

· ：11.3 m, ：8.3 m, 2 , NATM 
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D RMR Q
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3.1 

, RMR, RQD

Q 

. 

.

(1) 

Elastmeter, Goodman Jack

.

(2) 

RMR 

.

RF =      = 0.0028 RMR2 + 0.9exp              (4)

(Nicholson & Bieniawski, 1990)

RF =         = 0.5 × 1-  cos  π× (5)

(Mitri et al., 1994)

Em = f × Eint (6)

(Cording et al., 1972)

(3) RMR Q

RMR Q

.

Em = 2RMR - 100 (GPa); RMR ＞ 50          (7)

(Bieniawski, 1978)

Em = 10        (GPa); RMR ≤ 50               (8)

(Serafim & Pereira, 1983)

Em= 0.0097 RMR3.55 (MPa)                     (9)

(Aydan, 1997)

Em = 25 × log10 Q (GPa); 1 ≤ Q ≤ 100   (10)

(Barton & Grimstad)

(4) GSI

GSI , RMR

.

Em=           10       (GPa) (11)

Em= 10       (GPa)                                    (12)

(5) 

RMR

(RF) 

(13) . 

RF =   sin        ·
3.0523 

(13)

Eint

Em

Eint

Em

100

RMR

22.82

RMR
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E = (1- ν) · Rm · (14)

E : (kg/cm2), ν: 

Py : (kg/cm2)

Po: (kg/cm2)

Ry : Py (cm) 

Ro : Po (cm) 

Rm : Rm = 

(2) ( , )

. 

. 

E = 0.86 · K(V) · (15)

ΔQ : 

ΔUd : 

d : 

K(V): 

(16)

.

Em = 42652+0.2321 × Eint (16)

Em: rock mass

Eint: intact rock

Ry - Rs

Py - Po

2
Ro- Ry

10. 

E
m

Eint 

Em = 42652 + 0.2321 Eint 

ΔUd

ΔQ·d
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3.3 RMR, Q, RQD 

4 RMR, Q,

RQD 11, 12, 13

(17), (18), (19) . 

RMR = 42.7727 Q0.1283 (17)

RMR = 34.718 + 0.351 × RQD         (18)

Q = 0.004642 × RQD1.805 (19)

13

Q RQD .

4. 

4

· . RMR

(RF) RMR Q, RMR

RQD, Q RQD . 

.

(1) 

.

- 

: 30 ~ 2390 kg/cm2

: 80 ~ 170 kg/cm2

: 1900 ∼ 46000 Ωm

: 1600 ∼ 5700 m/sec

: 0.2 ∼ 8.7 × 105 kg/cm2

- 

: 450 ~ 2400 kg/cm2

: 30 ~ 160 kg/cm2

: 1400 ∼ 16000 Ωm

: 3200 ∼ 5700 m/sec

: 0.9 ∼ 8.4 × 105 kg/cm2

11. RMR Q 

12. RQD RMR 

13. RQD Q 
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(2) 4

RMR

· ( )

RMR

, 

(RF)

RF =   sin        ·
3.0523

(3)RMR Q, RMR RQD, Q RQD, 

. 

RMR = 42.7727 Q0.1283

Em = 42652 + 0.2321 × Eint

RMR = 34.718 + 0.351 × RQD

Q = 0.004642 × RQD1.805

(4) Q

RQD

.
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