eld e Xs1-E7, ghagutged TUNNEL & UNDERGROUND Vol. 9, 1999, pp. 20-26
Vol. 9, 1999, pp. 20~26 dJ. of Korean Society for Rock Mech.

gzf|lo|X|ot BIZ THlZ HEe| EZE32|E 2i0|d A
KB - AHH”

Design of the Reinforced Concrete Lining in Bakun Diversion Tunnels

Wang-Ruel Jee and Tae-Jung Lim

ABSTRACT The completion of the Bakun Diversion Tunnel is subsequently to the Main Dam
construction. Therefore, the completion date is very important for the Bakun Hydroelectric Project.
Generally, the tunnel lining work as a finishing phase of the tunnelling project occupies a important
portion as well as an excavation and a support work of the tunnels in respect to the construction cost
and period. Internal section of Bakun Diversion Tunnel is designed circular shape to reduce the
roughness of the water flow with 12 meters in diameter of total length 4314.6 meters of 3 tunnels. The
lining thickness is varied between 500 mm and 700 mm depending on the structural condition.” From
the original Tender design of the Bakun tunnels, the required quantity of steel bars was 5,985 ton
designed by Reinforced Concrete (RC) through the entire tunnel linings. During the detail design stage
by the consideration of the rock conditions and various load conditions, we could suggest five kinds of
RC lining type including plain concrete lining type. Through the detail design modification, we could
reduce the required amount of steel bars to 2,178 ton, as a half of original Bill of Quantity. Finally, this
design modification give us the time and cost saving effect to catch up the construction progress in time.

Key words : diversion, tunnel, RC lining
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Fig. 1. Modelling of the reinforced concrete lining in
diversion tunnels
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Table 1. Rock pressure applied to reinforced concrete lining of the diversion tunnels

Rock Support
Type| Abbrev. Unit A B CD E F
Item (RST) ~_|
Rock Mass Type RMT - I II 111 v
Deformation Modulus Ep MPa 12,000 8,000 6,000 2,500
Tunnel Radius R, m 6.5 6.5 6.5 6.5
Factor(radial) Cr - 0.67 0.67 0.67 0.67
Mod. of Subgrade Ksr MN/m 1236.9 824.6 618.5 257.7
Vertical Weight Py MPa 0.026 0.039 0.039 0.065 0.078 0.104
Horizontal Weight Py MPa 0.013 0.020 0.020 0.033 0.039 0.052
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Table 2. Rock mass type (RMT) in the project area bakun

Rock Type

Description

RMT IA)

Very Good Rock

Thickly to very thickly bedded fresh greywacke. The greywacke is massive or only slightly
jointed. Joints are generally closed and show rough surfaces. They are mostly free of clay
fillings and show a low degree of separation. The spacing of the joints is greater than 1.50 m.
The strength of the rock mass is high and the deformability low. This rock mass type is not

Mass (GW) sensitive to water and only little overbreak is expected during the tunnelling work.
Bl Fresh greywacke. The greywacke is medium to closely jointed with a moderate

RMT 1IB) degree of separation.

Massive, slightly jointed shale/mudstone with bedded greywacke intercalations. The
rock mass might be occasionally slightly weathered and might contain some clay

Good Rock Mass : . - - :

(GW & GW/SH) B2 | fillings or slickensides. The rock mass strength will be moderate to high and the
deformability moderate to low. The rock mass is not sensitive to water only on
fillings a minor influence of water might be possible.

Predominantly shale/mudstone with thinly bedded shale/greywacke.
C The shale/greywacke interbeddings which are medium to very closely jointed, loosened

RMT III or contain a moderate number of shear zones and slickensides.

. Closely jointed greywacke which is moderately to highly weathered.

Fair Rock Mass The joints are smooth, of a high degree of separation and filled with clay. The rock

(SH) D mass strength will be moderate to low and the deformability moderate to high. In
weathered zones the influence of water is moderate to high. Also a moderate to high
overbreak is expected.

E | Very closely jointed greywacke.

RMT IV Shale/mudstone with very thin greywacke intercalations and very closely to extremely

closely joints. In both rock mass types the discontinuities show a nearly complete degree

Poor Rock Mass| p of separation with clay fillings, mylonitised faulted zones or frequent slickensides. The

(SH) strength is low and the deformability high. This rock mass type is very sensitive to
water. A high overbreak can be expected.
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Fig. 3. Load combination cases with the water pressure (25 m, 68 m, 152 m) (Rock TYPE F)
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Table 3. Result of structural analysis of the Tunnel Lining

External water  Rock Rock Displacement Max. Moment  Max. Shear Max. Axial
Pressure Type Pressure (mm) (kN - m) force (kN) force (kN)
Vertical 2.7(01) 107.42(01) 42.36(06) 1011.73(33)

A V+L 0.9(01) 28.62(01) 26.43(06) 433.07(33)

w‘;‘;‘;re;‘;:gsie Vertical 4.5(01) 148.97(01) 106.94(60) 983.58(33)
F Lateral 0.9(17) 45.42(15) 41.13(19) 495.55(33)

V+L 3.7(01) 100.18(01) 82.36(06) 1072.52(33)

Vertical 3.7(33) 72.29(21) 145.77(18) 2203.29(33)

95 m A V+L 3.3(33) 55.96(20) 125.52(18) 2228.08(33)
related to Vertical 4.9(01) 139.97(12) 194.85(16) 2234.23(33)
top of lining F Lateral 1.2(33) 54.69(33) 131.25@7)  2316.71(33)
V+L 3.4(01) 57.56(13) 122.62(18) 2326.14(33)

Vertical 7.2(33) 113.10(20) 281.38(16) 4875.48(36)

68 m A V+L 6.6(33) 96.28(19) 272.26(16) 4902.05(33)
related to Vertical 7.7(01) 163.00(13) 318.13(16)  4909.90(33)
top of lining F Lateral 3.8(33) 74.50(13) 262.03(28) 4998.86(33)
V+L 5.6(01) 72.68(13) 255.41(18) 5008.91(33)

Vertical 8.8(33) 209.58(17) 566.07(13)  10249.21(35)

159 m A V+L 8.2(33) 176.20(16) 550.23(11)  10286.90(33)
related to Vertical 10.5(01) 312.45(14) 595.77(08)  10362.70(33)
top of lining F Lateral 5.7(33) 141.77(10) 537.88(15)  10409.00(33)
V+L 8.4(01) 158.84(15) 540.30(24)  10477.60(33)

(). Node number (see Fig. 1)
.34 =
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