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ABSTRACT

The construction of the road NATM tunnel, which undergoes the weathered zone of the mountain, was in process with
the reinforcement methods such as the rock bolt, shotcrete depositing, and the multi step grout with large diameter steel
pipe. The collapse from the ceiling, and on the ground surface area(sink hole), of which were measured to be 25m from
the ground surface(V=12m(W)x14m(L)x5m(H) = 840m’), as well as excessive displacements in the tunnel, had occurred.
In order to execute the necessary reconstruction work, the causes of the surface collapses were inspected through the field
investigation, in-situ tests, and numerical analysis. As a result, several proper solutions were suggested for both internal and
external reinforcements for the tunnel. As a result of numerical analysis, the collapsed zone of the tunnel was reinforced
up to 0.5D~1.0D laterally by the cement grouting on the ground surface, 0.5D longitudinally by the multi step grout with
large diameter steel pipe in tunnel. With further reinforcement implemented by rebars in lining, the forward horizontal boring
was executed to the rest of the tunnel to evaluate the overall status of the tunnel face. Appropriate reinforcement methods
were provided if needed.
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Table 1. Support pattern in tunnel

TYPE-6-1-1

Section

Soil

Excavation method

Ring cut excavation

Excavation(m)

0.5(Upper) / 0.5(Lower)

Shotcrete thickness(mm)

200(Reinforced steel fiber)

Rockbolt length(m)

Rockbolt space(m)

Steel support

H-150 X150 X7x10

Concrete lining(mm)

400(Reinforced rebar)

Table 2. Reinforcing effect of multi step grout with pipe in tunnel

ltems Reinforcing effect Remark
KFGE(2000) Soil 147~490 Mpa, Weathered rock 490~1176 MPa FRP grouting
Seo Y.H.(1993) Soil 68 Mpa — 121 MPa SGR grouting
Kim H.T.(1995) Soil 24 Mpa — 46 MPa Large diameter steel pipe grouting
Choi Y K.(2003) Soil 19.6 Mpa — 190 MPa FRP grouting
Jang S.B.(2002) 127 Mpa — 833 Mpa at Daejeon subway Large diameter steel pipe grouting
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Fig. 1. Modulus of deformation take into penetration length
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Fig. 2. Profile of multi step grout with large diameter steel pipe
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reinforcing steel pipe
(L=6.0m,steel pipe®114)

cross spacing : 1.0m
longitudinal spacing : 1.0m

Fig. 3. Reinforced wall at lower part
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Table 3. Properties of soil and reinforced materials
' . . Internal Deformation : ;
Unit weight | Cohesion Poisson ratio
ltems 3 friction angle | coefficient Remark
(kN/m?) (MPa) (°) P2 (V)
TYPE-1 27.0 3.00 45 15,000 0.20
TYPE-II 26.0 1.50 40 8,000 0.22
TYPE-II 25.0 1.00 38 3,000 0.25 Working
TYPE-IV 23.0 0.50 35 1,000 0.28 design
TYPE-V 20.0 0.05 33 400 0.30
Soil 19.0 0,017 30 40 0.35
Weathered rock 20.0 0.03 33 200 0.33
Soil(reinforced grout) 19.0 0.10 30 200 0.35
Wealhered rock 20.0 0.12 33 600 0.33
(reinforced grout) This time
_ _ Wealhered rock _ 20.0 0.14 33 1,500 0.33
(reinf, multi step grout with large diameter steel pipe)
_ Wealhered rock 20.0 0.07 33 600 0.33
(reinf, steel pipe at lower wall)
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multi step grout with large
diameter steel pipe
(2114),L=10m

/" reinforcing steel pipe (L=6.0m steel pipe®114)
cross spacing : 1.0m, longitudinal spacing : 1.0m

multi step grout with large
diameter steel pipe
(2114),L=10m

cross spacing : 0.5m
longitudinal spacing : 3.0m

2.66

steel rib (C.T.C 0.5m)
H—200X200X8X12

actual excavation line
design excavation line
waterproof sheet
concrete lining(tc=40cm)

1st steel fiber shotcrete (ts=sealing)
2st steel fiber shotcrete (ts=10cm)
3st steel fiber shotcrete (ts=10cm)

Fig. 10. Support pattern type 6—1-2
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Fig. 11. Determination of reinfored area

0.0D, 0.5D, 0.75D, 1.0D, 1.0D+AF50.
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37t 548 e RR AAAS HAeste] HY I
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Table 4. Load distribution factor
Analysis step Contents Load distribution factor(%)
STEP 1 Reinf + Ring cut at upper part 40
STEP 2 Soft shotcretet+wall, steel pipe at lower part 30
Excav, of upper part
STEP 3 Hard shotcrete 30
STEP 4 Excav, of core of upper part -
STEP 5 Excav, 40
STEP 6 Excav. of lower part Soft shotcrete 30
STEP 7 Hard shotcrete 30
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Table 5. Numerical analysis results

Settlement (mm) Stress of shortcrete (MPa)
Support pattern Ko Max. flexural comp, Max shear stress Remark
Crown Wall stress (véa—o 37 1P2)
(fica=8.4 MP2) e
05 209 22 574 0.20 OK
Type 6-1-2
1.0 14.0 71 6.81 0.17 oK
Table 6. Criteria of crown settlement and tunnel convergence
Stage Crown settlement Convergence
Safety ( 20mm { 40mm
Caution 20~30mm 40~50mm
Danger » 30mm » 50mm
2 A9t Fig 11 B4Mslel ih2 dddst 9 5 A =2
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