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A Study on the Design Loads of NATM Tunnel Concrete Lining

Byung-Sik Chun and Young-Wan Shin

Abstract. A concrete lining of NATM tunnel is the final product of a process that involves planning and
evaluation of user needs, geotechnical investigations, analysis of ground-lining interaction, construction, and
observations and modifications during construction. The designer must consider the lining in context of the many
function, construction, and geotechnical requirements. Also, the loss of supporting capacity of shotcrete lining
due to poor rock qualities and shotcrete erosion must be considered. The values, shapes, and estimating methods
of rock load and water pressure are very different with every designers. Estimating methods of rock loads used
in the design of NATM tunnel concrete lining are investigated. Structural analyses are done in various load
combinations, and the member forces(moment, axial force and shear force) are compared. The adequate load
combination of rock load and water pressure is proposed.
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Table 1. Terzaghi's rock load classification (Rose, 1982).
Rock Condition RQD Rock Load Height, H (m) Remarks
|. Hard and intact 95100 Light lining required only if spalling or popping
occurs
2. Hard stratified or schistose 90~99 0~0.5b Light support, mainly fOT protection agamst sp.e}lls.
Load may change erratically from point to point
3. Massive, moderately jointed 85~95 0~0.25b -
4. Moderately blocky and seamy 75~85 0.25b~0.20(b + m)
5. Very blocky and seamy 30~75 (0.20~0.60)b + m) Types 4, 5, and 6 reduced by about 50% from
6. Completely crushed but Terzaghi values because water table has little
chemically intact 3~30 0.60~1.10(b + m) effect on rock load(Terzaghi, 1946; Brekke, 1968)
0~3 1.10~1.40(b + m)
6a. Sand and gravel
7. Squeezing rock, moderate NA (1.10~2.10)(b + m) Heavy §1de pressure, invert struts required.
depth Circular ribs are recommended.
8. Squeezing rock, great depth NA (2.10~4.50)(b + m) -
9. Swelling rock NA Up to 250ft irrespective of  Circular ribs are chlprcd. In extreme cases, use
value of (b + m) yielding support
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Fig. 2. Terzaghi's rock load classification.
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Fig. 10. Rock load by numerical analysis (Ko=0.5) (a)
Radial stress of ground near shotcrete (b) Rock load by
plastic zone.
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Table 3. Rock load by Ko (numerical analysis).
Ko =05 Ko = 1.0 Ko=15
1.228t/m? 1.830t/m? 4.520t/m?
Radial
stress of
ground
near
shotcrete
1.080t/m? 13.000t/m® 11.160t/mr?
10.4t/m? 9.1t/m?
= = pl TR j =
iﬁma Heced
Rock S i gg;%! g
load by .
plastic i
zone i
K ﬂ%é%iml i

Z)*: at yield in shear or vol,, x : elastic, at yield in past
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Fig. 11. Rock load by numerical analysis (a) Rock load by Ko (b} Rock load by cohesion, ¢ (c) Rock load by deformation

modulus, E.

Table 4. Rock load by cohesion (numerical analysis).

c=5um

c=10t/m’ c=15vm’

1.830t/m?
Radial
stress of
ground
near
shotcrete

13.000t /m?

16.560t/m?

2.0687t/m? 2.218t/nf

18.610t/mf

Rock
load by
plastic

zone

XxEwxx
XXX KEAOXXXRX

0.0t/m?
0.5m

F)*: at yield in shear or vol., x : elastic, at yield in past
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Table 5. Rock load by deformation modulus (numerical analysis).

= 100,000 vm® E = 200,000 t/m’ E = 300,000 ym’
3.146t/m? 1.830t/m? 1.369t/nf
Radial
stress of
ground
near
shotcrete
14.440t/mf 13.000t/mrf 12.260t /i
6.5t/m?
load by . CHH p4:
. z £ b
plastic i : i
) * : at yield in shear or vol., x : elastic, at yield in past

Table 6. Estimation of vertical rock load.

Method of estimation Estimation Proof (t/m’)
. e 5%
Terzaghi's rock classification P_ = 0.3(b+m)Xy = 15.60 Um’ 15.60
B= 2|:g +m- tan(45—%)} =2033m
Terzaghi's theory 22.00
_¥B 3
P.,= 2Kta ¢ ) 22.00 t/m
B= 2|:g+m tan(45 9)} 20.33 m
EX H < 5Bo|EZE
Bierbaumer's theory tand - tan (45 ) H 23.58
o=1~ =0.907
b+2m- tan(45— )
P =a  H:* y=2358tm’
RMR Po=7b- (M)= 15.60 Ut 15.60
100
HYEF =2 3 0lBR
- 11.70
Q-system P_=2Q"r'= 117 keg/m?
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Fig. 12. Comparison of rock loads by various estimation
methods in this study.
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Fig. 13. Water pressure model for drainage tunnel (Rock:H, = 1/3H, Soil : H, = 1/2H, H: Tunnel height).
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Table 7. Estimation of horizontal rock load (P, = 15.6 ¥m’).
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Fig. 14. Case of structural analysis.
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Table 8. Member force of concrete lining by case.

CASE -1 CASE -2 CASE - 3 CASE - 4 CASE - 5
Max. moment (t - m) 5.80 5.21 391 5.81 5.86
Max. shear force (t) 10.84 10.54 10.41 11.73 12.04
Max. axial force (t) 132.20 128.50 130.30 140.60 144.30
o] 743 4=¢to] T}E CASE-13} CASE-5E Hlwsj&

Fig. 15. Modelling for Structural Analysis.
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