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NEWLY DEVELOPED FRICTION TABLE DEVICE APPLIED TO TUNNEL STABILITY

by Chikaosa TANIMOTO, Yuzo OHNISHI
Takuya YAMAMOTO, Atsushi YOSHIOKA

Dept. of Civil Engineering, Kyoto University

SUMMARY

The friction table devices, which can mobilize gravitational field, have been
conveniently employed for the analysis of geotechnical problems,but through the
application of conventional device, whose prototype was proposed by R.E.Goodman.

We found that introducing lateral pressure to gravitational field gave very stable
results,which are much more realistic in the analysis of underground opening in
jointed rock. The magnitudes of gravitational and lateral load to be applied can be
known by monitoring load acting to cantilevers, attached strain gauges on and by
adjusting counter weights acting to both ends of movable flames. The dimensions and
mechanism are described.

The following cases were discussed :
(1) Rectangular and circular openings : in the ground whose direction &f predominant
joint orientation is horizontal, with various span lengths.
(2) Rectangular and circular openings whose direction of joint orientation is at the
inclination of 30°%, 45°, 60° from the horizontal direction.

Two sizes of sugar cube were employed as model units whose dimensions are 18x18x19
and 14 x14x 15 in mm respectively and composing these units correspond to the states
for joint frequencies of 55.6 and 71.4 per meter. Two formations are available in the
forms of grid and zig-zag.

Through the model study by the improved device, which can give stable and visual
solution, we conclude as follows :

(1) The relation between tunnel span length and the settlement of tunnel crown is
proportional in case of a rectangular tunnel and parabolic in case of a circular
opening to the tunnel span. And it was confirmed clearly that a circular tunnel is
more stable than a rectangular one because of arching effect. Under the condition of
fixing constant diameter there exists a certain specific joint spacing where an
opening forms uniform arch action, judging from the concave curve showing the relation
between settlement of crown and joint numbers. Consequently, the ratio of joint
spacing to tunnel span length should be one of the important parameters determining
deformability and stability of rock mass.

(2) The loosened zone near the tunnel crown is apt to shown rectangular shape for the
case of grid formation and triangular for the case of zig-zag one. A height of
loosening is nearly equal to the tunnel span when a ratio of lateral pressure to
gravity field is less than 1.5. 1In general the loosened zone in the case of zig-zag
formation is smaller than in the case of grid formation, approximately one third.

The difference between various formations comes from the magnitude of dilation along
joints. The former should be subjected to highest dilation and the latter should be
lowest.

(3) Correlationship between crown settlement and lateral pressure is clearly recognized
through our model study, and the lateral load should be considered one of the important
parameters in analyzing tunnel stability in jointed rock.

(4) A key stone playes an important role in mobilizing confinement effect and in the
model test the existence of some key stones at the crown and at spring line was con-
firmed. Thus, this model test should be also carried out for the purpose of finding
the location of key blocks along the surface of an opening and of discussing appro-

priate size of blocks linked together with rockbolts in support recommendation.
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