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Shotcrete is used as a permanent lining in single shell tunnels even though shotcrete has been used as a tempo-
rary lining in NATM tunnels. Therefore, the accurate evaluation of strength parameters is very crucial because the
reliable estimation of loads acting on the shotcretes is necessary to maintain the stability of tunnels. The evaluation
of strength parameters of the ground for the single shell tunnels should be investigated to adapt the method in
Korea because the geological condition of Korea is different from that of other country. Rock classification and
strength parameters obtained from 25 tunnel sites were investigated for this study. Support types for the different
rock classes are suggested for the single shell tunnels in Korea based on the NMT because Q-system has been
widely used in Korea. The support types in terms of both Q and RMR values are given based on the correlation of
Q and RMR values obtained from the case studies.
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Fig. 2. Distribution of RMR with depth.
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Fig. 1. Location of tunnels used for this study.
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Fig. 3. Correlation between RMR and Q in the study area.

Table 1. Correlation between RMR and Q.
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Fig. 5. Distribution of strength parameters with respect to rock classes(C).
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Table 2. Distribution of rock mass classes along the tunnel section.

Tunnel Class | Class II Class III Class IV Class V Total
Jeom-gok 29.1% 25.2% 24.3% 10.9% 10.4% 100%
Ma-gu, Ho-buk, Geon-cheon 13.1% 21.2% 45.2% 17.3% 32% 100%
Neung-dong 39.4% 42.1% 10.9% 1.4% 6.4% 100%
Cheong-ho, Nam-ak 34.4% 54.0% 6.9% 3.4% 1.4% 100%
Geum-Gang No.3 21.0% 36.5% 29.4% 9.6% 3.5% 100%
Wol-mun, Do-gok, Pal-dang 50.7% 27.6% 10.9% 9.8% 1.0% 100%
Average 31% 35% 21% 9% 4% 100%
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Table 3. Percent distribution of Jw and Q suitable for single shell tunnels.

Tunnel (Jw=Class B) Q=1 Jw=Class B & Q=1
Jeom-gok 100% 83.3% 83.3%
Ma-gu, Ho-buk, Geon-cheon 57.1% " 61.9% 33.3%
Neung-dong -66.7% 66.7% . 41.7%
Cheong-ho, Nam-ak 100% 100% 100%
Geum-Gang No.3 68.8% 75% 68.8%
Wol-mun, Do-gok, Pal-dang 100% 48% ) 48%
Average 82.1% 72.5% ’ 62.5%
Table 4. Rock mass conditions for tunnels without support requirement.
Rock mass classifications Rock mass classes
Rock Load Class I(Hard and intact), Terzaghi(1946)
For a 6 m wide tunnel: -
RQD RQD 75-100, Dee}'e et al. (1970)
RQD 82-100, Cecil (1970)
RQD 72-100, Merritt (1972)
RSR (Wickham er al., 1972) : RSR=80 ’ .
RMR(No Support)=22 In(Equivalent dimension)+25, Kaiser et al. (1986)
RMR ex) For a 12 m wide tunnel RMR = 80
Class I(RMR =81) : No support réquired except for occasional spot bolting
Maximum unsupported span=2 ESR Q¥* )
Q system ex) Equivalent dimension 10 m tunnel, Q>60, Barton er al. (1974)

Unsupported span=2 Q%% Barton et al. (1980)
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Table 5. Guidelines for the support of 12 m wide single shell tunnels in Korea.

2B - oPdE - AR - whFR

(units: cm)

NATM Support types

Shotcrets for single shell tunnels

Q RMR Total thickness of Intermediate Total thickness

Category lini Inner layer 1 Outer layer £ linin

ining ayer o g
> 60 > 81 30 5 5 30) 10
> 10 65-80 A 30-35 5 5 5 (30) 15
3-10 55-65 B 35 5 10 5 (30) 20
13 45-55 c 40 10 (30) 10 (30) 5 (30) 25
0.1-1 30-45 I 40 10 (30) 10 (30) 5 (30) 25
0.01-0.1 15-30 DI 45 15 (40) 10 (40) 5 (30) 30
<001 <15 DIl 50 25 (50) 10 (50) 5 (30) 40
(Tunnel portal) DIl 55 25 (50) 10 (50) 10 (30) 45
3-10 BL 50 10 (30) 10 (30) 5 (30) 25

Note: () is contents of steel fibers in shotcrets in kg/m°.

Table 6. Correlation between Q and RMR used for the
support requirements of single shell tunnels.

- RMR RMR RMR RMR

Q  (Bieniawski, (Rutledge &  (This (Chosen)
1974)  Preston; 1978) study) .
10 65 57 57 65
3 54 49 48 55
1 44 43 40 45
0.3 33 36 . 31 35
0.1 23 29 22 30
0.01 3 16 5 15
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