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A Theoretical and Numerical Study on the Effects of
Prereinforcement of Tunnel Face

Gwang-Jin Kim and Hyun-Koo Moon

Abstract. Horizontal tunnel face reinforcement using Fiber Glass Tube(FGT) or steel pipe and pipe roofing
techniques are frequently used when the stability of newly excavated tunnel is not guaranteed. However, the
mechanical behavior of tunnels using these techniques has not been fully understood so far. Therefore,
engineering rule of thumb is commonly applied during designing procedure, and it is difficult to adopt these
techniques rationally. In this study, the application of a simplified numerical analysis method based on composite
mechanics is verified. The mean field theory and the strain energy theory are used to obtain the equivalence
elastic moduli of reinforced soil and rock. Furthermore, a parametric study on the deformational behavior of
tunnel face is performed for various patterns of prereinforcement.
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(b) Reinforced soil or rock

Fig. 1. A schematic view of prereinforcement.
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Fig, 2. Variation of the elastic moduli of reinforced ground with increasing volume fraction of reinforcement.
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Table 1. Comparison of the elastic moduli of reinforced ground

(V:=0.2). (Unit : MPa)
E, E: G. G

Mean field theory  3163.5 310.6 109.9 1034
FLAC-3D 3125.0 297.0 1100 1065
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Fig. 3. A schematic view of numerical test.
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Table 2. Properties of ground and FGT used for strength test.
Material E (MPa) v o, (MPa) o, (MPa) o,(MPa)
Rock 1000 03 22 1 2.5
FGT 15000 02 500 500 250
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Fig. 4. Variation of the axial strengths of reinforced ground.
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Fig. 5. Variation of the transverse strengths of reinforced ground.
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Table 3. Properties of soil and rock.

Gorund type E (MPa) v c (kPa) [
R1(soil) 100 0.35 30 15° 35°
R2(weathered rock) 400 0.35 200 15°, 35°
R3(weak rock) 1000 0.35 400 15°, 35°
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Table 4. Elastic moduli of steel pipe-reinforced ground (V,=

0.02). (Unit : MPa)
VF = 0.02 E, E; Ga Gr

Rl +stwel pipe 410137 117.16 3851 3823

R2 +steel pipe 439565 46426 15402  152.89

R3 +steel pipe 498402 114305 38497 38218
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Fig. A-1. A schematic view of reinforcement material (FGT,
steel pipe).

27

19743 Mgty o e 238 3
gFA}

19833 Univ. of Utah 4] &3 8 F8H4JA}
19873 Univ. of Utah 4] 8 3 81etA}
Tel : 02-2290-0413

E-mail : hkmoon@hanyang.ac kr

A s st Fahel et A FE A 2=

383t w5

4

2000 BFTIEL T4 o A3}
3

Tel : 02-2299-3012

E-mail : hysieger@hrg.hanyang.ac.kr
A gedulisha SIS A2 REA|AF)
383 AAHA




