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Stabilitiy Analysis of Tunnels Excavated in Squeezing Rock Masses

So-Keul Chung

Abstract Refering to the articles “Squeezing rocks in tunnels(Barla, 1995)” and “Tunnelling under squeezing rock
conditions(Barla, 2002)” this article deals with technologies for design, stability analysis and construction of the
tunnel being driven in the squeezing rock mass. The definition of this type of behavior was proposed by ISRM(1994).
The identification and quantification of squeezing is given according to both the empirical and semi-empirical
methods available to anticipate the potential of squeezing problems in tunnelling. Based on the experiences and
lessons learned in recent years, the state of the art in modern construction methods was reported, when dealing
with squeezing rock masses by either conventional or mechanical excavation methods. The closed-form solutions
available for the analysis of the rock mass response during tunnel excavation are described in terms of the ground
characteristic line and with reference to some elasto-plastic models for the given rock mass. Finally numerical
methods were used for the simulation of different models and for design analysis of complex excavation and support
systems, including three-dimensional conditions in order to quantify the influence of the advancing tunnel face to
the deformation behavior of the tunnel.

KeyWords: squeezing rocks, tunnelling, stability analysis, closed-form solutions, numerical methods, three-dimensional
stress conditions
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Table 1. Classification of squeezing behavior afier Jethwa
et al.(1984).

Tem type of behaviour
Do
<0.4 highly squeezing
0.4-0.8 moderately squeezing
0.8-2.0 mildly squeezing
>2.0 non squeezing
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Fig. 1. Idealized stress-strain curve and associated states for
squeezing rocks(Aydan et al, 1993).
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Table 2. Classification of squeezing behavior after Hoek(2000) compared with Aydan et al.(1993).

Aydan et al. (1993) Hoek (2000)
class no. squeezing level tunnel strain(%) squeezing level tunnel strain(%)
1 no-squeezing eg <1 few support problems e, <1
2 light-squeezing 1 < e <20 minor squeezing I< g, < 25
3 fair-squeezing 20 < g5 < 30 severe squeezing 25< g,< 50
4 heavy-squeezing 30 < g§ .0 Very severe squeezing 50< g, < 100
5 very heavy-squeezing 50< ¢ extreme squeezing 10.0 < ¢,
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Fig. 2. Construction methods in squeezing rock conditions
(Kovari, 1998):

a) side drift method

b) top heading and benching down excavation

¢) full face excavation
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Fig. 3. Typical side drift method as adopted during excavation
of the Himmelberg North Tunnel (photograph provided
by Balbi, 1999).

243} A}#)= wo1KLunardi and Bindi, 2001), ©]
e 22 oA Aol oist AAH 2ol
HA=lolof $ir}. 2 E gy oz ARES JfEsl=
71e AT o2 WEE IR Hge] AA
AL AlFEAlA Z]RE A 7140 HAFQ &
TE A Esta e e o &y
$oR o dqtEelof it

T 0 Tartaiguille B2 AJFA10) B3 AE3)

42 AT FAlo Hole ebo] Yeh Add =2

HS Hgsto] 19m oj4te] it Hd-g AF3oa

2215 AH7E QickLunardi 5, 2000). A SRS
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long term stability. S. Ambrogio tunnel along the
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(a) photograph of the face

ey

(b) photograph of reinforced concrete invert(Lunardi et al., 2000)

Fig. 5. Full face excavation method, Targaiguille tunnel, in France.

Fig. 6. Full face excavation method, Marinasco tunnel near La
Spezia, in Italy. Large equipment being used at the face.
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Fig. 7. Cross section of a tunnel with compression slots
applied in squeezing rock conditions(redrawn from
Schubert W. and Schubert P., 1993).
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Fig. 9. Typical yielding bolt as developed in connection
with the excavation of the Karawanken Tunnel in
squeezing rock conditions(redrawn from Schubert
W. and Schubert P., 1993).
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1999).
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Fig. 16. Stress deformation analysis of a circular tunnel by
the FLAC code.

Table 3. Comparison of results from calculated characteristic
line and FDM solution.

characteristic line |FDM solution
14.00 12.12
11.75 12.40

radial displacement #, (cm)

plastic radius R,; (m)
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Table 4. Results of 2D analyses.

2D
analysis
Ry (m) Umax (€M)
perfectly plastic 7.0 3.8
brittle 18.7 41.0
Aydan 7.7 4.7
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Fig. 17. Stresses at different distances from the tunnel contour for
elastic perfectly plastic and Aydan stree-strain law.
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Table 5. Material and joint properties used in the DFN

model.

material properties| joint properties | beddings | joints
E(GPa) 5 K,(GPa/m) 10 10

v 0.25 K«(GPa/m) 1 1
c(MPa) 5 c(KPa) 10 50
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Fig. 19. Stress path at point C(crown), I(invert) and S(sidewall)
around the tunnel. The rock mass is linearly elastic.
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Fig. 18. Results of a DFN model representing a 11m diameter
tunnel in argillite. (a) DFN model; (b) Displacement
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Table 6. Results of 2D and 3D analyses.

_ D 2D
2SS ) [t | R) | stmelom)
Perfectly plastic 7.4 5.6 7.0 38
brittle 18.4 53.9 18.7 41.0
Aydan 8.2 6.4 7.7 4.7
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