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Abstract

As the number of existing road tunnels increases every year, collapse and floor
heaving accidents occur frequently during construction. The collapse among tunnel
accidents dominates, so that studies related to the floor heaving are relatively
insufficient. Accordingly, many studies to reinforce the lower part of the tunnel have
been conducted, but the analysis on the effect of the curvature of the tunnel floor is
insufficient. Therefore, in this study, the effects of the upper analysis area height and
the coefficient of lateral earth pressure of the tunnel located on a tuff deterioration zone
with a large rock cover, as well as the floor curvature, were examined through
sensitivity analysis. As a result of the analysis, it turned out that the overall stability of
the tunnel increases as the floor curvature increases, the coefficient of lateral earth
pressure decreases, and the upper analysis region increases.

Keywords: Curvature of tunnel floor, Tuff deterioration zone, Coefficient of lateral
earth pressure, Height of analysis area above a tunnel
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Table 1. Tunnel factor of safety according to Ko and rock grade (Park, 2003)

Rock grade I 1l I v v i
Ko
0.5 6.23 3.97 2.69 1.79 1.23 1.13
2.0 6.41 3.81 1.97 1.23 1.07 1.01
% At yield in shear or vol. 3 At yield in past

(b) Ko =2.0

Fig. 1. Ground plastic indicator (Park, 2003)
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Fig. 2. Stresses around a circular tunnel in an isotropic, linearly elastic, homogeneous continuum (Goodman, 1989)

64 Journal of Korean Tunnelling and Underground Space Association



Numerical sensitivity analysis for the reinforcement effect of a curvature of a tunnel floor on sofi grounds

HH Fig. 39 22 B Bl oM 23 &
A @E ¥

) AGH B BoIAS] BASE, 0, T o, 2124 (33
5f] < 4= 2Ith(Brady and Brown, 1985).

o,=p(1—K+2q)= (1—K+\/2/)W)
A

3)
(K 1+ %)— p([(— 1+ K\/E) 4)

A7IA, p 49 p e AT BN TETEOIT, ¢ = W/ H °lch

I

Fig. 3. Definition of nomenclature for an elliptical excavation with axes parallel to the field stresses (Brady and
Brown, 1985)
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Fig. 4. The generals of analysis section
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shaoded e eld ZHel AR 9=0 = o 4D, HiEtol AR E ol oF 2.5DRFEC 2 sl AAIx
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Z|6E X B2 2 B -E/3 %)= Table 22} Table 32} 2o, -5-3]9F A (tuff deterioration, T.D.) 3, 4, 55
=, =3 EL} R E W FrhK(steel pipe)dt #l13t(leg pile) EZE S el 4% Cho (2020) ¥ Kim
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o S7HHAE Albstal, # 1l M7t H2= G ©A At e A= SISl FAL=E Table 3914
‘C.T.C.” §ol= AR A} ZFke] FHaF S4F ZHA (Center to Center)S 2R 3HTY.

Table 2. Properties of ground

Ground type Friction angle Cohesion Elastic modulus Unit wei3ght Poisson’s ratio
®) (kPa) (MPa) (KN/m™)
Tuff deterioration-3 33 35 120
Tuff deterioration-4 31 30 100 20.0 0.31
Tuff deterioration-5 29 25 90

Table 3. Properties of supports and supporting materials

Tvoe Unit weight Poisson’s ratio Elastic modulus Area CT.C Remark
P (KN/m®) (GPa) (m?) (m)
- | Soft 5 0.25,0.4 -
Shot 24 0.3 -
crete | Hard 15 0.25,04 -
. 6.353 x 10° SS400, H-200
Steel rib 78 0.3 210 5 0.8 —
1.198 x 10 SS400, H-300
~ c: 68 kN/m’
Leg pile 20 0.31 0.905 1.2 - 6:30°
Steel pipe 32 0.3 34 0.453 0.5 E¢=956.5 MPa

Table 41= XA S| = AA A BHHE AR ARre 571 SASE Al olek. s1e)
E S77H0.4 m A9 A F7717] ol H- 979 TAL H3000.2 41 ol BHAE 28519
o T4, 57HBAR SN B 27 RAIEL JARA o] W 2o B fre) =] 2he IrhE Hg5
o
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Table 4. Equivalent properties of shotcrete and steel rib

Tvpe Area Moment of inertia Elastic modulus Equivalent elastic
P (m?) (m*) (GPa) modulus (GPa)
0.25 1.302 x 107 10.08
Soft shotcrete 3 5
0.4 5.333 x 10 19.83
0.25 1.302 x 107 10.96
Hard shotcrete 3 15
0.4 5.333 x 107 20.67
‘ H-200 6.353 x 107 472 %107
Steel rib 3 S 210 -
H-300 1.198 x 10° 6.75 x 10°

6. 221504 2Tt 2| Y 24

6.1 E{22| OFd =M

Bl Aol A7 E A BH7RR] 0] T ARMG 2 Aok o= BT Al Bd o] /ol njAle Fde
%V—iﬁi 2RI sl A AREE S, A RA 77, SUAS 9 HER dolE 22519 Table 59F o] 17
= eIkt o, Sl B B ARAEE s G 9 2] =0](Soil Height, S.H.)E 2 A= oFd&2] 74

6&% Fig. 59} Zo] 18T T A5t

Table 5. Factor of safety by depth of invert and soil height (T.D.-5)

Shotcrete Depth of invert (cm)

Ko | thickness SH=10m SH=20m SH=40m
(cm) 0 25 | 50 | 75 | 100 | O 25 | 50 | 75 | 100 | O 25 | 50 | 75 | 100
25 1.01 | 1.07 | 1.09 | 1.15 | 1.17 | 1.17 | 1.27 | 1.32 | 1.37 | 1.43 | 1.31 | 1.37 | 1.41 | 1.51 | 1.55
03 40 1.09 | 1.13 | 1.21 | 1.25 | 1.27 | 1.31 | 1.43 | 1.45 | 1.53 | 1.57 | 1.45 | 1.57 | 1.61 | 1.67 | 1.69
10 25 1.05| 1.17 | 1.23 | 1.33 | 1.35| 1.07 | 1.19 | 1.25 | 1.37 | 1.41 | .11 | 1.21 | 1.29 | 1.37 | 1.43
40 131|143 | 149 | 1.55 | 1.61 | 1.33 | 1.47 | 1.55 | 1.65 | 1.71 | 1.37 | 1.49 | 1.61 | 1.69 | 1.75
s 25 0.8710.95|1.03|1.09|1.13|0.89 | 097 | 1.03 | 1.11 | 1.15 | 0.89 | 0.97 | 1.05 | 1.11 | 1.15
40 1.09 | 1.19 | 1.27 | 1.33 | 1.37 | 1.11 | 1.19 | 1.27 | 1.35 | 1.37 | 1.11 | 1.21 | 1.27 | 1.35 | 1.38
20 25 0.6510.75(0.77 | 0.83 | 0.89 | 0.67 | 0.75 | 0.79 | 0.85 | 0.91 | 0.67 | 0.75 | 0.79 | 0.85 | 0.91
40 0.81 1091 {097 |1.05|1.07 | 083 091 | 097 | 1.05 | 1.08 | 0.83 | 0.93 | 0.98 | 1.05 | 1.09
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-6 -S.H.=10m, S.T.=0.25cm - A -S.H.=20m, S.T.=0.25cm -3 -S.H=40m, S.T.=0.25cm
——S.H.=10m, S.T.=0.4cm —A—S.H.=20m, S.T.=0.4cm —=—S.H.=40m, S.T.=0.4cm
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Fig. 5. Factor of safety by depth of invert and Ko (T.D.-5)
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Table 6. Tunnel vertical displacements by soil height at excavation step (T.D.-3, Ko= 1.5, S.T. =25 ¢cm) (unit: cm)

Measuring S.oil Excavation step Upper bench Lower bench
point height Depth of No-support Shotcrete No-support Shotcrete
(M) | invert (cm) Soft Hard Soft Hard
10 0 2.36 3.97 4.84 4.63 4.48 4.40
100 2.14 4.03 4.15 3.78 3.68 3.44
Crown 20 0 1.99 3.44 3.92 3.73 3.58 3.48
100 1.73 3.32 3.32 2.92 2.84 2.67
0 1.50 2.67 3.01 2.85 2.68 2.65
0 100 1.34 2.67 2.60 222 2.13 1.95
10 0 5.77 8.36 39.97 50.61 56.74 67.89
100 5.11 6.55 18.78 29.95 32.73 36.16
Invert 20 0 5.78 8.41 39.77 50.81 55.55 67.88
100 5.22 6.73 18.52 30.35 33.20 36.08
40 0 5.70 8.59 39.29 49.13 54.79 67.23
100 5.07 6.73 18.60 29.18 32.00 35.29

Table 7. Tunnel vertical displacements by soil height at excavation step (T.D.-5, Ko=1.5, S.T. = 25 cm) (unit: cm)

) Soil Excavation step Upper bench Lower bench
Measuring .
. height | penth of Shotcrete Shotcrete
point —ep No-support No-support
(M) | invert (cm) Soft Hard Soft Hard
10 0 7.79 13.33 69.34 92.78 99.74 119.69
100 6.99 9.70 36.92 59.54 62.31 66.17
0 7.80 13.42 68.36 90.43 97.64 116.55
Crown 20
100 6.97 9.91 36.50 58.31 60.55 64.04
40 0 7.63 13.61 67.12 88.47 95.16 113.93
100 6.87 9.93 35.60 57.57 60.02 63.55
10 0 7.79 13.33 69.34 92.78 99.74 119.69
100 6.99 9.70 36.92 59.54 62.31 66.17
0 7.80 13.42 68.36 90.43 97.64 116.55
Invert 20
100 6.97 9.91 36.50 58.31 60.55 64.04
40 0 7.63 13.61 67.12 88.47 95.16 113.93
100 6.87 9.93 35.60 57.57 60.02 63.55
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Fig. 6. Vertical displacements by depth of invert (T.D.-3, Ko =1.5, S.T. =25 cm)
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Fig. 7. Vertical displacements by depth of invert (T.D.-5, Ko = 1.5, S.T. =25 cm)
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6.3 2|22 £33 H|w - M
HlERR T8-S 173 Y 8 X Ao] 2§ e -§28 BAISIIA Table 874 20] ST 2]E S 2 590
Koy S HSHAIA7E] Bk 2ol sk e stlct. oln) AREZIL SEFOR LS 40 mE T
A5kt ehE 2| B0 uhy| o H e SRletaa) duba o 2 A8 El =68 S8 £, 12.8 MPa 2 &<l
2482 £, 40,91 MPag 273 79wl 210 2 Wk} oln whv] A R 518 U5 S2l0] Ayt
%1 6.4 MPaS #-83}3itt.
Table 8. Maximum bending stresses of shotcrete by depth of invert (T.D.-5, S.H. =40 m) (unit: MPa)
Shotcrete Depth of invert
Ko | thickness Compression Tension
(cm) Ocm | 25cm | 50cm | 75c¢m | 100cm | Ocm | 25cm | 50cm | 75c¢cm | 100 cm
05 25 54.4 55.6 55.9 57.4 57.5 -43.6 -44.5 -43.4 -42.8 -42.5
' 40 44 4 42.7 40.6 39.6 40.3 -36.3 -34.3 -30.7 -29.5 -29.3
10 25 80.6 754 69.2 67.4 68.1 -64.2 -58.8 -51.2 -49.0 -49.3
' 40 66.2 63.4 58.9 54.2 52.1 -53.1 -49.4 -43.5 -39.0 -36.5
Ls 25 110.2 96.5 82.7 77.8 74.7 -89.0 -76.5 -62.2 -57.2 -54.1
' 40 90.5 82.1 71.3 66.1 58.5 -73.5 -64.5 -53.2 -48.0 -41.1
20 25 142.0 123.2 103.5 91.4 85.2 -1169 | -99.4 -79.0 -67.9 -62.4
' 40 115.6 101.2 85.3 76.7 69.2 -945 | -80.2 -64.2 -56.4 -49.7
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Fig. 8. Distribution of bending compressive stresses of shotcrete by depth of invert (T.D.-5, S.H. =40 m)
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Fig. 9. Distribution of bending tensile stresses of shotcrete by depth of invert (T.D.-5, S.H. =40 m)
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Fig. 10. Ground plastic locations by Ko (S.H. = 10 m, depth of invert = 50 cm)
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Fig. 11. Ground plastic locations by soil height (S.H.) (Ko = 1.0, depth of invert = 100 cm)
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