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A Methodolody of Considering the Failure of Supports in Evaluating Tunnel
Safety Factors
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SYNOPSIS : The safety factor of a tunnel considering the failure of supports is important because
the failure of supports might cause the collapse of the tunnel. In the previous studies, shotcrete was
modelled as beam elements and the failure of the shotcrete was checked according to the allowable
working stress concept. In this study, shotcrete was modelled by both beam elements and
continuum (elasto-plastic) elements. Safety factors of tunnels were estimated by two dimensional
numerical analysis with varying rock mass class, coefficient of lateral pressure, thickness of
shotcrete, rock bolt reinforcement and excavation method. Also the study suggested not only a
proper amount of supports but also modelling method.

Key words @ Safety factor of tunnel, supports, rock mass class, coefficient of lateral pressure
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Fig. 1. Configuration for the analysis

Eﬂ*—*.‘ﬂl QoIM A At A A, 23 L A9 A%, £FAYE U BBE

“J‘?é"ﬂ et B2 Aolg RY 5 Ao mebN ARAe RdYdE A4 Fo7t a7k
2 AEAE ded 22 dyer 24y o A HA BEE Fig 29 (@)% #ol Boa
&ltruss)8.a9 22 7222 RdYsie WHez 7B de HEHE Yot o Wys
& A AR AA D87 FAYo] AFHer AdHY, P £ £ FreA gede oA

i’.

D ol
lo

e
o oP flo X 2 Ay

x2
ne

O 2

\ . V; 3 L
- k! 7
ul ] ' ]
J\ \I | ,II\
(a)Beam(elastic) element (b)Continuum(elasto—plastic)element

Fig. 2. Modeling method of supports
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Table 1. Excavation and support design

______ Rock mass class : 0 AURRRIE R || CER IR A

. Full Bench Full Bench Full Bench
Excavation method

face cut face cut face cut

Ko Unsupported O O O
0.5 |Support Shotcrete(cm) 12/20/30 12/20/30 12/20/30

1.0 | method| Rock Length(m) 4 4 4
20 bolt | L/S™-spacing(m) 1/1 1/1 1/1

Advanced excavation length(m) 35, 45, 5.5 2.0, 3.5, 45 1.2, 2.0, 3.0

Bench length(m) 35, 45, 55 20, 35, 45 12, 20, 30

% Longitudinal/Sectional

Table 2. Deformation and strength modulus for rock classes
(after Korea Highway Corporation, Highway & Transportation Institute, 2002)

Young's | - Bulk .. A 5
L | modulus | modulus | ‘modulus .
Rock mass’ c!ass ~.1 {GPa) L (GPa) | (GPa) - (d_eg_}
I 34.12 22.75 13.65 45
m 13.01 867 5.20 385
Vv 2.80 1.87 1.12 31
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Ho THAY ABAZE BAH 17‘} %32 E(Steel fiber reinforced shotcrete, SFRS)E AH&3t%
Tk SFRSE Uit £AYE et HAVIERE f,7F & 10% F7tects gedAd glod, g1 Fo
E AAHS FAeA Fol duA FF5Fo] £H8% F/MEUL EA JAHIIEZIA E2ATL,
2001). °13& Alge ;3] SFRSY f,8 4% £3AYE AP 289 AEFEY 210 kg/cm* <
50%%8 Z7bA1Z) 315 kg/cm*2 743t o] gg ol 43dke] SFRSY #428g Aststd thea 2o

Fl}l

foa= 04 f, kgl cm?) = 126 kg/cm? 1)
= 051V f 4 kg/cm?) = 9.1 kgl cm? (2)

Table 3. Input parameters for shotcrete

Beam(elastic) element-: -

]
’ Thickness(cm) 12cm 20cm 30cm

Area(m®) 0.12 0.2 0.3
Young's Soft - 5
modulus(GPa) Hard 15
Sectional moment of 1.44e-4 6.66e-4 2.25¢-3
inertia(m®)
Continuum(elasto-plastic) element ™ ;
Young’'s| Bulk Shear | Friction . . Tensile
Shoteret Property modulus | modulus | modulus angle Cz)l\l;[f;)s:))n ([l)(e‘;/sié’) strength
otcrete (GPa) | (GPa) | (GPa) | (deg) & (MPa)
Soft 5 2.78 2.08 35 6 2300 3
Hard 15 8.33 6.25 35 6 2300 3
£2IES ASA(B2H)L2E HF FHARY XAAESFRS)S AHY © Uy vpazel
#e AEEAR ¢ 7E AFZEHY Yo FEA goernz 2 AP A= Mohr-Coulombe 3375
& q8sto] 3¢ APAE AESAT £aEY AFYSFLE 0, & 2kg/em’E PG,

WHetdZ o& 35°2 7HAsA . Fig. 390 Mohr-Coulomb®] 3 37|Fo2HE SIS Mo
2 7hFste g A (3)E Abgste] FAHE FIArh H(beam)8AE RAPT H Lo ASA(dL
o2 7T F9e £a9E9 9 HevgEL Table 3 Felsrgich

1 A Mohr~Coulomb's failure envelope

G o

Fig. 3. Mohr-Coulomb’s failure criterion
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Table 4. Properties of rockbolt

; Property o IR o R

: v Longitudinal v Young's | Tensile yield |- Bond...| .- Bond.

%Rock masy - nen Izm) Area(m®) modulus | strength stiffness | strength

| RpACIng (Gpa) N) N/m/m) | . (N/m)

class : . ) ) .
1
I 1 4.9e-4 210 1le5 5.5e8 1.5eb5
\Y
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Fig. 4. Safety factors of the analysis tunnel (Class I and II)
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Fig. 5. Safety factors of the analysis tunnel (Class V)

Table 5. The failure location of shotcrete

Bdi s e e s - Class V.= ik
Shotcrete
thickness 20cm 30cm
Type of tension failure tension failure
Ko= 0.5 |Bench cut failure ! sto
Loca.tlon of side wall side wall
failure
Stress of failure ~9.98kg/cm? © —9.92kg/cm®
Shotcrete 20cm 30cm
thickness
Type of . . . .
Ko=1.0 |Bench cut failure tension failure tension failure
Loca_tlon of side wall side wall
failure
Stress of failure -12.97kg/cm” ~14.05kg/cm”
Shotcrete
thickness 12em 20cm
Type of r ton failure mpr ion failure
Full face failure compress COmPressio
Location of
. crown crown
failure :
Stress of failure 162.36kg/cm® 126.24kg/cm’®
Ko=2.0 Sh.otcrete 12cm 20cm 30cm
thickness
Type of Confl;rlﬁfswn compression failure {compression failure
failure . e_ tension failure tension failure
Bench cut tension failure
Location of side wall side wall side wall
failure
Stress of failure -100.71kg/cm” —74.30kg/cm® —65.67kg/cm”
207.74kg/cm® 150.74kg/cm® 127.53kg/cm®
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Fig. 6. Safety factors of the analysis in the case of tunnel rockbolt reinforcement (Class I and III)
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Fig. 7. Safety factors of the analysis in the case of tunnel rock bolt reinforcement (Class V)
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