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Fig.4 Schematic drawing of laboratory shearing test apparatus

for jointed cores.
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Fig.5 Shear behaviour for a jointed granite core from site A.
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site B.
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Table1 Joint surface characters evaluated from laboatory

testings.
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N JCSo = 41.6 MPa JCSn = 12.4 MPa
Grano- Lo = 0.096 m Ln = 2.0m
Diorite JRCo = 14.0 JRCn = 6.0
¢r= 21.4° JCSo = 42.5 MPa JCSn = 12.1 MPa
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Fig.7 Behaviour models for granite joint (site. A).
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Fig.8 Behaviour models for grano-diorite joint (site B)
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Fig.9 Distinct element model for jointed rock mass around an
oil strage cavern (site A).
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Table 2 Input datum of joint characters for DEM program,
Barton model version 1.82.

JOINT l
INPUT DATA SITE A | SITE B
JC Soj Laboratory Joint Wall MPa 41.6 42.5
Compressive Strength
JRCo | Laboratory Joint -- 14.2 14.0
Roughness Coefficient
Lo Laboratory Joint Length n 0.161 0.096
Ln In-situ Joint Length n 2.0 2.0
Kon Joint Normal Stiffness GPa/m 50.4 43.5
Kss Initial Shear Stiffness GPa/n 0.739 0.614
$r Residual Friction Angle degree { 25.5 21.4
agc Unconfined Compressive MPa 87.8 126.3
Strength of Rock Surface
ROCK MASS
INPUT DATA SITE A
E Rock Mass Elastic Modulus [ GPa 7.2
v Rock Mass Poisson’s Ratio - 0.20
) Dry Density of Rock EN/n* 25.5

a) No Supporting, Shearings

A\ ,

shear displacements on joints
max shear disp = 9.805E-03
each line thick = 1.000E-04

UDEC (Version 1.82)

b) No Supporting, Vectors

displacement vectors
maximum = 1.015E-02

| AN S O I o

5E -2

1

AY
UDEC (Version 1.62)

Fig.10 Rock mass behaviour prediction around no support
tunnel (site A) from DEM analysis.
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b) Axial behaviour of
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Fig.11 Rock-bolt system diagram in DEM program.

Table3 Input datum of rock-bolt system.

ROCK-BOLT SYSTEM

INPUT DATA SITE A
E Rock-bolt Elastic Modulus | GPa 2.0 x \10“
P Density of Rock-bolt MN/m> 9.8
Yield Rock-boit Yield Load MN 24
Asteel Section Area of Rock-bolt | m? 5.0 X 10~4
Kbond Shear Stiffness of Grout GPa/m 5.0 x 10%
Sbond Shear Strength of Grout MPa 30

T~Stiffness of
/ Rock-bolt (K,)

/™~ Shear Stiffness
of Grout
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N
shear displacements on joints
max shear disp= 2.184E-03
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(

UDEC (Version 1.82)

b) Initial Support Design, Vectors

A
, displacement vectors
maximum = 5.603E-03
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UDEC (Version 1.62),

Fig.12 Rock mass behaviour predicted for a tunnel supported
according to initial design.
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a) Effective Supporting Design
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UDEC (Version 1.82)

b) Economical Supporting Design
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each line thick = 1.000E-04
(M)

UDEC (Version 1.82)

Fig.13 Improved joint deformation after trials of effective and

economical supporting designs.
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Fig.14 Comparison of maximum joint shear displacements of
DEM analyses on in-situ joint shearing model.
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TUNNEL REINFORCEMENT DESIGN BASED ON BEHAVIOUR PREDICTION OF

JOINTED ROCK MASS
Masayuki KOSUGI, Mitsuo NAKAGAWA and Haruyuki ISHIHARA

Since rock mass behaviour and tunnel support are influenced by volume changes along
preexisting discontinuities,” an understanding of these mechanisms is fundamental to
tunnel behaviour prediction and reinforcement design. It is not clear that the prediction
and the design are always suitable to the in-situ joint conditions revealed from tunnelling
advances.

The proposed tunnelling method is directed toward improving practical applicability of the
tunnel reinforcement design based on the jointed rock mass behaviour prediction. The
joint behaviour model from Barton-Bandis is built on a fitting analysis of behaviour of
jointed cores and in-situ joint monitoring by a “Joint Deformeter”. Jointed rock mass
behaviours are predicted for a joint condition mapped on tunnel walls and for a
reinforcement of rockbolt systems using a promising distinct element method (DEM). The
procedure for the method is discussed from the standpoint of its in-situ applicability.
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