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A Case Study of Soil-Cement Fill for Tunneling

II-Jae Shin, Jun-Ho Kang, Young-Ho Suh

Abstract In case the overburden of a tunnel is too low to adopt NATM, cut and cover method generally can be
chosen as alternative. However, in tunneling some area with very low or no overburden between two mountains,
the cut and cover method requires additional construction of a couple of tunnel portals and the maintenance of
portal slopes until backfilling is completed. As a solution for this problem, increasing the tunnel overburden by
raising the ground level can be effective. This paper presents the case study for tunneling at C240 site in Taiwan
High Speed Railway(THSR) in which soil-cement filling method was used for pre-banking before tunnel excavation.
Cement content of filling material was 2~4% and thickness of filling a round was 130~250 mm. The stability
evaluation for the soil-cement slope and concrete lining of low cover tunnel was conducted by numerical analysis.

KeyWords Soil-cement fill, Low overburden, Tunnel excavation, Numerical analysis
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Table 1. Applicable rock mass types and expected range of parameters

Rock mass type Description Expected range of parameters
RM2 Silty sand to poorly graded sand. Poorly to very poorly cemented ¥+ s
- R4 poorly & - roorly o very poorly UCS = 1 ~ 50 keflem’

Clayey silts to silty clays grading into mudstones, and mudstones

o = 25° + 5°
RM3 intercalated with sandstone. Sandstone is poorly to very poorly ues = 1 23 50 kng/cmz
cemented
RM4 Alternations of sandstone and mudstone. Thickness of different ¢ =28 & 5°
: layers in the range of decimeters. Generally well cemented UCs =1 ~ 100 kgf/cm2
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Table 2. P/Sb support types

EEEE] ot Al

Top heading Bench Invert
Shotcrete . Shotcrete Shotcrete
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thickness Temp invert | Bolt length | Bolt pattern thickness Bolt length | Bolt pattern thickness
mm mm m m X m mm m m X m mm
300 200 | 6 2 x 1 30 [ 6 2 x 1 300
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Table 3. Gradation requirement of soil

Table 4. Engineering characteristics of the soil-cement fill

Grain Size Percentage Passing(%) Engineering characteristics Requirement
125 mm 100 Compressive Strength(7 days) > 3.5 kgflem’
90 mm 85-100 Compressive Strength(28 days) > 5.0 kgffem’
10 mm 25-100 Modulus of Elasticity > 1,200 kgflem®
0.6 mm 10-100 Deformation Modulus > 1,200 kgf/lem®

0.063 mm 0-15 Cohesion > 1 keflem’

Angle of Internal Friction ( > 350
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(b) FS = 2.17 > 1.5

Fig. 13. Stability analysis of original surface and soil-cement slope
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Table 6ol B2 PHA) B7HE $1at ST A
wo] gt 1~5TAis AUNUE BE, AR g
B, SRR W B, QHE B3 9 woke] A3

Input property Rock mass(RM3) Soil-cement fill
Unit weight, kN/m’ 22 21
Young's Modulus, MPa 240 120
Bulk Modulus, MPa 200 100
Shear Modulus, MPa 92 46
Poisson's Ratio 0.3 03
Drained cohesion, kPa 245 100
Drained friction angle 27° 330




366

AAHE BES edTHo) et A A7

Table 6. Analysis steps considered with the Finite Difference Method

STEP Analysis Step Structure
Step 1 Initial ground stresses + Compacted soil cement backfill instailed
Step 2 Top heading excavation. Analysis of the
Step 3 Top heading support installation. Outer lining
Step 4 Bench excavation.
Step S Invert excavation and support installation.(quick ring closure)
Inner lining analysis start from the outer lining calculation step 5
Step 6 Start from step 5. Inner lining installation.
Step 7 This load case analyses short-term conditions after inner lining installation. The ground
(Water Pressure | water pressure of 5m will act on the inner lining but the earth pressure will not be
only) mobilized yet.
Step 8 Start from step 5. This load case analyses long-term conditions after inner lining Analysis of the
(Earth + Water | installation, the outer lining and rock bolts are removed. Both ground water pressure Inner lining
Pressure) and earth pressure are considered to act on the inner lining.
Step 9 Start from Step 6. The outer lining and rock bolts are removed. This load case analyses
(Earth Pressure | long-term conditions after inner lining installation, without consideration of ground water
only) pressure.
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Fig. 15. Results of Inner lining at step 7

Table 7. Summary for calculation results

(b) Displacement

Maximum sectional forces and displacement

Step Moment(kN-m) Normal force(kN) Shear force(kN) Displacement{cm)
Step 7 563.9 1206 217.1 1.4
Step 8 159.1 1030 169.6 0.5
Step 9 111.6 705 85.8 0.4
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