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Analysis of Tunnel Lining Behavior under Tunnel Load
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Abstract

In this study, the tunnel loads acting on the concrete lining are analyzed by comparing three methods - Terzaghi
table, Terzaghi formula and Ground-Lining Interaction (G.L.I) model. The tunnel loads are analyzed by FLAC 2D. And
the G.L.I model is analyzed under various rock mass ratings, tunnel depths (20~80m) and in-situ stress ratios
(K¢=0.5~2.0). Terzaghi’s method can be applied only to weathered rocks and soils, and cannot reflect the effect of various
tunnel depths and in-situ stress ratio. The proposed G.L.I model can not only be applied to various ground conditions,

but also relieves the tunnel loads by up to 30%.
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Fig. 1. Terzaghi’s tunnel load
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Rock Grade Rock Type RMR Support Pattern Tunnel Load Height
Grade I Very Hard Rock 81~100 PD—-1 0.25B~0.5B
Grade1l Hard Rock 61~80 PD-2 (0.2~0.3) (B+Ht)
Gradelll Medium Rock 41~60 PD-3 (0.3~0.4) (B+Ht)
GradelV Soft Rock 21~40 PD-4 (0.4~0.5) (B+Ht)
Grade V Very Soft Rock <20 PD-5 (0.5~0.6) (B+Ht)

Sand Weathered Rock - PD-6 (0.6~0.8) (B+Ht)
Weathered Soil - PD-6-1 (0.8~1.0) (B+Ht)

(a) Support installed

(b) Removal of support

Fig. 2. Plastic region
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Fig. 3. Reaction curve between ground - 1% & 2™ support members (Seo et al., 2002)
Table 2. Support properties
Material Area, A Modulus, E Yielding Strength Stiffness Strength
(m?) (kPa) (kN) (kN/m?) (kN/m)
Soft Shotcrete 0.05~0.2 5,000 - - -
Hard Shotcrete 0.05~0.2 15,000 - - -
Rockbolt 5.07x107* 2.1%107° 177 800 1.5x107"
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Table 3. Soil properties
Unit Weight, Conhesion, ¢’ Poisson’s Ratio | Friction Angle, ¢ Modulus, E
Rock Grade RMR v (kN/m?) (kPa) v ©) (MPa)
Grade 1 81~100 27 4,000~ 5,000 0.20 45 20,000~ 30,000
Grade I 61~80 26 2,000~ 3,000 0.22 40 10,000~15,000
Gradelll 41~60 25 1,000~ 1,500 0.24 35 6,000~ 8,000
GradelV 21~40 23 400~ 700 0.26 32 2,000~4,000
GradeV <20 22 100~200 0.28 30 600~ 800
Weathered Rock - 21 50~90 0.30 32 200~ 400
Weathered Soil - 20 30~40 0.32 30 40~100
] KN
20~80m
H:10.16m [ YL(E
B :13.54m
- . . -
_.| 8 } 4,58 }
(a) Ground condition (b) Typical mesh

Fig. 4. Ground conditions and typical mesh
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Table 4. Analysis procedure
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Analysis Procedure Contents Load Distribution Ratio(%)
Stage 1 Initial Stage -
Stage 2 Upper Excavation Stage 0
Stage 3 Upper Soft Shotcrete Stage 0
Stage 4 Upper Hard Shotcrete Stage 100
Stage 5 Lower Excavation Stage 0
Stage 6 Lower Soft Shotcrete Stage 0
Stage 7 Lower Hard Shotcrete Stage 100
Stage 8 Removal of Support 0

500

——F—— Terzaghi Table

— — A= — Terzaghi Formula

——@—— G.LIModel(00-100)
— — ©- - G.LIModel(besides 0-0-100)

400 —

Load (kN/m2)

| 1} mn v v W.R w.s

Ground Condition

Fig. 5. Comparison of tunnel load by load distribution ratio
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Fig. 7. Comparison of tunnel loads by rock mass ratings

Table 5. Estimation of tunnel load by rock mass grade

Tunnel Load, Pror (KN/m®) Tunnel Load Height, Hy (m)
Rock Support
Grade RMR Pattern Terzaghi Terzaghi G.L.I Terzaghi Terzaghi G.L.I
Table Formula Model Table Formula Model
Grade I 81~100 PD—1 87.99 - 3.91 3.26 - 0.14
Grade I 61~80 PD-2 146.36 - 7.36 5.63 - 0.28
Gradelll 41~60 PD-3 199.99 - 11.26 8.00 - 0.45
GradelV 21~40 PD—-4 244 .41 - 24.83 10.63 - 1.08
Grade V <20 PD-5 285.93 186.07 96.03 13.00 0.33 4.36
Weathered - PD-6 338.46 264.17 178.95 16.12 0.47 8.52
Rock
Weastgﬁred - PD—6-1 417.16 301.95 264.11 20.86 0.58 13.21
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Fig. 8. Comparison of tunnel loads by tunnel depth
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Fig. 9. Comparison of tunnel loads by analysis methods and tunnel depth
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Fig. 11. Comparison of tunnel loads by analysis methods and in-situ stress ratio
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