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Reliability Assessment of Tunnel Support Systems Using a
Probability-Based Method

Dohyun Park, Eui-Seob Park, Won-Kyong Song, Dong-Woo Ryu

Abstract The present study developed a program which can assess the reliability of tunnel support systems based
on a probability-based method. The developed program uses FLAC2D as a solver, and can automatically execute
all the processes, associated with numerical and probabilistic analysis. Since a numerical analysis, which models
the ground, requires a significant calculation time, it is actually impossible to apply simulation-based methods to
probabilistic assessment on the reliability of tunnel support systems. Therefore, the present study used a point estimate
method, which is efficient for probabilistic analysis since the method can significantly reduce the number of samples
when compared with the simulation-based method. The developed program was applied to a tunnel project, and
the results were compared with those through a deterministic approach. From the comparison, it was identified that
a probabilistic approach can quantitatively assess the reliability of tunnel support systems based on probability of
failure and can be used as a tool for decision making in tunnel support designs.

Key words Probability-based method, Point estimate method, Probability of failure, Tunnel support system, System reliability
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Fig. 1. Schematic representation of probabilistic approach
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Fig. 2. Probability of failure of a system(Harr, 1996)
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Geotechnical structure Event or level of performance/failure Acceptable P Reference
Overtopping 1x10°
Dam Piping ZXIO-z Singh 2J(2007)
Failure of spillway 4x10°
Sloughing on dam slope 9x10™*
High 3x107
Good 3x10°
Above average 1x10”
Embankment Below average 6x107 UtieD:}:ré:;(T;r;;) f
Poor 0.023
Unsatisfactory 0.07
Hazardous 0.16
Not serious” 0.1¢
Slope Moderately serious® 0.01° Priest & Brown(1983)
Very serious® 3x107¢

Py = probability of failure

* Individual benches; small temporary slopes not adjacent to haulage roads(slope height, H<50 m)

b .
Any slopes of a permanent or semi-permanent nature

¢ Medium-size and high slopes carrying major haulage roads or underlying permanent mine installations(H=50 m)

¢ Probability that a factor of safety is less than 1.0
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TunnelPEM

3Parameters, FLAC 2D
Support Type : Shoterete / Rockbolt
PEM(Rosenblugth, 13975)

Open Source-File Open Input-File

@ Preparation of data files &
sending of FLAC command

Solver : FLAC2D

FLAC 50095 5P

Input File Format / Yalues

LE(E6 kg/m?)  EOREH| Ko

Statistic Value  Mean sTD
#1 E(MPa)

#2 Coh(MPay

#3 Fric(DEG)

Coeffcient of Corelation
2 el3

(@ Probabilistic analysis

-‘i‘iELD&é?Q;EE(MPa)

Reliability Assessment of
Tunnel Support Systems
Using PEM

@ Importing of numerical results

@ Numerical analysis

FLAC Memary 48

Execute  Probability-Analysis

Execute  Probability-fnalysis(LOG File)

Fig. 3. Reliability assessment of tunnel support systems using TunnelPEM and FLAC2D
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Table 2. Typical support pattern(d+=d=A|4A-Fh, 2003a)
Support type P3 P4
Excavation method Full-face Half-face
Advance length(m) 2.0 1.5(upper)/1.5(lower)
Shotcrete thickness(cm) 8 12
Length(m) 4.0 4.0
Rockbolt
St(m)/St(m) 2.0/2.0 1.5/1.5
Steel rib Dimension/Sg(m) -/- LG-50%20x30/1.5

SL and St = spacings in the longitudinal

and transverse direction of a tunnel, respectively; LG = lattice girder
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Fig. 5. Schematic of numerical analysis
Table 3. Means and standard deviations of geotechnical properties of biotite granite(gt=-&x=A]d3, 2003b)
Ground class Class 1 Class II Class 111 Class IV Class V
Deformation modulus Mean 27,057 15,575 8,123 1,254 503
(MPa) SD 5,152 5,467 2,527 222 117
Mean 5.55 2.37 0.85 0.56 0.27
Cohesion(MPa)
SD 1.07 0.82 0.13 0.05 0.03
o Mean 51.5 49.7 45.1 40.9 33.7
Friction angle(®)
SD 1.3 33 3.7 1.3 0.5
SD = standard deviation
Table 4. Geotechnical properties of biotite granite for deterministic analysis(3t=-3=A]d-3¢t, 2003b)
Geotechnical class Class I Class 1L Class III Class IV Class V
Unit weight(kN/m®) 28.0 26.0 25.0 22.0 20.0
Deformation modulus(MPa) 20,000 12,000 8,000 1,000 300
Cohesion(MPa) 5.0 2.0 0.8 0.15 0.03
Friction angle(®) 47.0 42.0 38.0 34.0 31.0
Poisson's ratio 0.20 0.22 0.23 0.25 0.30
Stress ratio 1.25
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Table 5. Summary of results based on the deterministic approach

Support pattern Max. bending compressive stress of Max. axial force Stabilit
pport p shotcrete(MPa) of rockbolt(kN) Y

P3 2.63 8.25 Stable
P4 4.01 50.09 Stable

Table 6. Summary of results based on the probabilistic approach

Support pattem Pmax—f,shm Pmax—f,rock Pf,syslcm Failure
P3 1.00x10™ 1.00x10™ 2.00x10% No failure
P4 1.00x10™ 1.12x10° 1.12x10° Possible

Pmax—f,shot and Pmax—f,mck =
failure of tunnel support system
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