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A Comparison of Barton-Bandis Joint Model and Mohr-Coulomb
Joint Model for Tunnel Stability Analysis with DEM

Sung-Gyu Lee and Chee-Whan Kim

Abstract. The joint model has influence on the results of discontinuum analysis. In this study the results of
discontinuum analysis with Barton-Bandis joint model(BB model) and with Mohr-Coulomb joint model(MC
model) are compared. The results of continuum analysis under the same condition are compared with the results
of discontinuum analysis to investigate the behavior of rockmass around tunnel. The result of continuum analysis
and that of discontinuum analysis with BB model show similar distribution of displacement and stress. On the
other hand, the discontinuum analysis with MC model shows different displacement distribution and stress
distribution. Moreover, the displacement and minor principal stress of the discontinuum analysis with MC model
are smaller than those of continuum analysis, although the joints are explicitly considered in the discontinuum
analysis. These results are originated from the limitation of MC model in simulating joint deformation behavior,
especially the assumption of constant dilation angle independent of joint shear displacement.

Keywords: Barton-Bandis joint model, Mohr-Coulomb joint model, Tunnel stability analysis, DEM, Jointed
rockmass, Dilation
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Fig. 1. Differences between MC and BB joint model in sim-
ulating deformation behavior.
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Table 1. Essential input parameters of MC model and BB
model.

MC joint model BB joint model
K, (normal stiffness) JRC
K (shear stiffness) ICS

@ y(basic joint friction angle)
K, (normal stiffness)
K (shear stiffness)

C(joint cohesion)
@ (joint friction angle)
jten(joint tensile strength)
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Table 2. Summary of input parameters of block for continuum and discontinuum analysis.

E,, (GPa) Poisson ratio (linﬁ):?g]/%:}) Cohesion(MPa) Inteargzlleﬁz"c)non K,

Range(Type-IV) 1.8~5.6 0.26 2.65 26~33 35~40 -
Continuum 1.8 0.26 2.65 2.6 35 0.5
Discontinuum 5.6 0.26 2.65 33 40 0.5
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Table 3. Summary of joint input parameters for discontinuum
analysis.

Jointset g1 Set2  Set3
Parameter
Orientation
(dip dir/dip) 011/87 073/35 296/79
Geometry Trace length 1310 736 0.98
(m)
Spacing (m) 042 1.70 1.88
JRC 9.5
JCS (MPa) 295
Basic friction
BB Angle (°) s
K, (GPa/m) 20.0
Properties
K, (GPa/m) 20.0
K, (GPa/m) 3.8
MC C (kPa) 46
2 (0 345
jten (MPa) 0.0
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Fig. 3. Variations of maximum displacement and maximum
joint shear displacement depending on joint model and
numerical method.
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Fig. 2. Displacement vector at the final construction stage. (a) Discontinuum analysis with MC model, (b) Discontinuum analysis

with BB model, (c) Continuum analysis.
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Fig. 4. Principal stress at the final construction stage. (a) Discontinuum analysis with MC model, (b) Discontinuum analysis with

BB model, (¢) Continbum analysis.
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Fig. 5. Variations of maximum o, and minimum o, depending
on joint model and numerical method.
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analysis with BB model, (¢) Continuum analysis.
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Fig. 7. Shotcrete compressive stress at the final construction
stage. (a) Discontinuum analysis with MC model, (b) Dis-
continuum analysis with BB model, (c) Continuum analysis.
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