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Numerical analysis for semi cut and cover tunnelling method
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ABSTRACT: Recently there has been increased interest for the portal and shallow tunnel for an eco-friendly tunneling
method. Semi cut & cover tunnel excavation techniques applied to concrete slab and construction and a growing number
of cases, but there is no load combinations and arch concrete cross section for the applicable standards. Therefore, in this
study, ground conditions and tunnel overburden thickness, thickness of backfill, overburden surface slope angle changes
to a variety of conditions in order to propose standards for the semi cut & cover method was performed numerical
analysis. Regression analysis method to the analysis of the results of numerical analysis, and linear regression equations
derived to classify and organize a rational, economical, and safe semi cut & cover tunneling method based proposed.

Keywords: Semi cut and cover tunnel, Numerical analysis, Regression, Arch concrete
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1. Shallow tunnel

2. Overburden cut

3. Arch concrete
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6. Shotcrete & rock bolt
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excavation

Shotcrete

~
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Fig. 1. Semi cut-and-cover tunnel construction procedure
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Soil 19 3.5x10* 10 30 0.35
Weathered rock 23 3.9x10° 184 32 0.30
Moderate rock 25 2.1x10° 930 37 0.27
Hard rock 27 1.9x10’ 1400 43 0.23

Table 2. Arch concrete material properties

Specific gravity

Type (KN/m)

Elastic modulus

Poisson’s rati
(KN/m?) oisson’s ratio

Concrete ”w

1.35%10’ 0.40
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Fig. 2. Numerical analysis for arch concrete thickness and construction angle
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Table 3. Relation between flexural stress, inner displacement and arch concrete thickness

Equations of linear regression analysis

Rock type

Flexural stress and arch concrete thickness

Inner displacement and arch concrete thickness

Soil X(MPa) = 0.0028 x A(mm) - 7.0621

Y(mm) = -0.0085 x A(mm) - 22.298

Weathered rock

X(MPa) = 0.0050 x A(mm) - 4.9044

Y(mm) =-0.0011 x A(mm) - 3.837

Moderate rock

X(MPa) = 0.0056 x A(mm) - 5.4708

Y(mm) = 0.0026 x A(mm) - 3.814

Hard rock

X(MPa) =0.0055 x A(mm) - 5.2790

Y(mm) = 0.0036 x A(mm) - 3.423

X: Flexural stress, Y: Inner displacement, A: Arch concrete thickness
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Table 4. Relation between flexural stress, displacement and backfill thickness

Arch Equations of linear regression analysis
concrete Rock type

thickness Flexural stress and arch backfill thickness Inner displacement and backfill thickness

Soil X =0.121 x B(m)” - 2.073 x B(m) + 0.902 Y(mm) = -5.4437 x B(m) + 6.7579

300 mm Weathered rock X =-0.8312 x B(m) - 0.1968 Y(mm) =-1.6601 x B(m) +2.6164

Moderate rock X =-0.8502 x B(m) +0.2267 Y(mm) = -0.8874 x B(m) + 0.8469

Hard rock X =-0.7915 x B(m) + 0.1524 Y(mm) =-0.5292 x B(m) + 0.3503

Soil X =0.125 x B(m)* - 2.036 x B(m) + 0.8038 Y(mm) =-5.5028 x B(m) + 5.9129

400 mm Weathered rock X=-0.6297 x B(m) - 0.1610 Y(mm) =-1.4827 x B(m) + 2.0596

Moderate rock X =-0.6471 x B(m) + 0.1191 Y(mm) =-0.7198 x B(m) + 0.5229

Hard rock X =-0.5961 x B(m) + 0.0453 Y(mm) = -0.3824 x B(m) + 0.1620

Soil X =0.1218 x B(m)” - 1.9302 x B(m) + 0.5987 Y(mm) = -5.7587 x B(m) + 6.4366

500 mm Weathered rock X =-0.4766 x B(m) - 0.2028 Y(mm) = -1.4660 x B(m) + 1.8908

Moderate rock X =-0.5005 x B(m) + 0.0085 Y(mm) = -0.6226 x B(m) + 0.3024

Hard rock X =-0.4567 x B(m) - 0.0591 Y(mm) =-0.2956 x B(m) + 0.0477

Soil X =0.1128 x B(m)’ - 1.7603 x B(m) + 0.3563 Y(mm) = -5.7892 x B(m) + 4.6001

600 mm Weathered rock X =-0.3682 x B(m) - 0.2799 Y(mm) =-1.4808 x B(m) + 1.6778

Moderate rock X =-0.3999 x B(m) - 0.0670 Y(mm) =-0.5667 x B(m) + 0.1430

Hard rock X =-0.3596 x B(m) - 0.1341 Y(mm) = -0.2440 x B(m) - 0.0215

Soil X =0.0815 x B(m)” - 1.3804 x B(m) + 0.2046 Y(mm) =-5.9966 x B(m) + 3.9110

200 mm Weathered rock X =-0.2947 x B(m) - 0.3558 Y(mm) =-1.4939 x B(m) + 1.3893

Moderate rock X=-0.3304 x B(m) - 0.1130 Y(mm) =-0.5597 x B(m) + 0.1180

Hard rock X =-0.2916 x B(m) - 0.1818 Y(mm) =-0.2119 x B(m) - 0.0667

X: Flexural stress, Y: Inner displacement, B: Backfill thickness
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Table 5. Relation between flexural stress, displacement and surface slope angle

Arch concrete Equations of linear regression analysis

thickness Rock type Flexural stress and surface slope angle Inner displacement and surface slope angle

Soil X = -0.036(S)’ + 0.3696(S) - 6.4438 Y(mm) =-0.0845(S) + 1.3832(S) - 30.306

300 g | Weathered rock X=-0.0301(S)> + 0.1985(S) - 4.2170 Y(mm) = -0.0507(S)’ + 0.3561(S) - 5.9905

Moderate rock X=-0.0324(S)’ + 0.2278(S) - 4.5323 Y(mm) = -0.0424(S)* + 0.2967(S) - 3.7967

Hard rock X=-0.0362(S)> + 0.2778(S) - 4.6789 Y(mm) = -0.0441(S)’ + 0.4431(S) - 2.9482

Soil X=-0.0239(S)’ + 0.2404(S) - 5.9400 Y(mm) =-0.0731(S)> + 1.1315(S) - 30.906

200 | Weathered rock X=-0.0220(S)’ + 0.0710(S) - 3.1687 Y(mm) = -0.0348(S)* + 0.147(S) - 5.6411

Moderate rock X=-0.0220(S)* + 0.0642(S) - 3.4112 Y(mm) =-0.0275(S)> + 0.1503(S) - 3.1607

Hard rock X=-0.0250(S)* + 0.1288(S) - 3.5351 Y(mm) = -0.0239(S)’ + 0.1849(S) - 2.0193

Soil X=-0.0152(S)> + 0.1633(S) - 5.6214 Y(mm) = -0.0682(S)’ + 0.9843(S) - 31.743

500 mm Weathered rock X=-0.0160(S)> + 0.0081(S) - 2.4746 Y(mm) =-0.0279(S)* + 0.0518(S) - 5.7116

Moderate rock X=-0.0157(S)’ - 0.0010(S) - 2.5829 Y(mm) =-0.0192(S)* + 0.0689(S) - 2.7911

Hard rock X=-0.0164(S)’ + 0.0249(S) - 2.7057 Y(mm) =-0.0141(S)’ + 0.0845(S) - 1.5306

Soil X=-0.0102(S)’ + 0.1284(S) - 5.2446 Y(mm) = -0.0646(S)’ + 0.8486(S) - 32.681

600 oy | Weathered rock X=-0.0121(S)’ - 0.0172(S) - 2.0069 Y(mm) =-0.0263(S)* + 0.0199(S) - 5.9527

Moderate rock X=-0.0120(S)* - 0.0189(S) - 2.2065 Y(mm) = -0.015(S) + 0.0389(S) - 2.6258

Hard rock X=-0.0112(S)’ - 0.0193(S) - 2.1599 Y(mm) = -0.0091(S) + 0.0463(S) - 1.2666

Soil X=-0.0071(S)’ + 0.1063(S) - 4.7696 Y(mm) = -0.0613(S) + 0.7229(S) - 33.754

200 g | Weathered rock X=-0.0095(S)’ - 0.0271(S) - 1.6776 Y(mm) =-0.0252(S)’ + 0.0036(S) - 6.3034

Moderate rock X=-0.0097(S)’ - 0.0210(S) - 1.8801 Y(mm) =-0.0161(S)* + 0.0875(S) - 2.6382

Hard rock X=-0.0084(S)* - 0.0270(S) - 1.7981 Y(mm) =-0.0065(S) + 0.0317(S) - 1.1171

X: Flexural stress, Y: Inner displacement, S: Surface slope angle
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