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The Stability Analyses of Cut-off Slopes on the Basis of the Classification
of Original Ground Shirasu

Hidekazu MuURATA

Abstract

The undisturbed Shirasu belongs to a none or weakly welded part of pyroclastic pumice-flow soil widely
distributed in southern Kyushu and is counted to be an unusual soil for its frequent damages owing to
rainfalls and earthquakes. As its original ground is of property like a weak rock, no rotational shear
slide ever occurs in fact in the cut-off and natural Shirasu slopes. On the other hand, this soil is extremely
erosive against water flow and the nearly vertical cut-off slope has traditionally been adopted. However a
few kinds of local damages were unavoidable in the slope besides the tensile failures inevitably cause even at
the ordinary time.

This paper reports, after made clear the elastic characteristics of undisturbed Shirasu material, the elastic
analysis for various cut-off slopes on the basis of the classification of original ground Shirasu (JSF standard:
M 2-81), which has been proposed by JSSMFE in 1979. These analyses were carried out by the finite
element method, assuming that the Shirasu material is an isotropic and homogeneous elastic body. The
discussions were made from the view point of tensile failure of slope, and the following findings were obtain-
ed; 1) The tensile stress occured in the slope increases both with an increse of slope angle and with a
decrease of hardness of Shirasu. 2) In the steep slope of #>>60°, the local tensile failure occurs, when the
slope is higher than the non-cracking critical height, leading to the dormant cause to the slope failure. 3)
The cut-off slope especially for the soft and semi-hard Shirasu should be designed in a type of comparatively
moderate slope. 4) The author showed the relationship between the critical height of comparatively steep
slope and the hardness of Shirasu. 5) When the steep slope is forced to be adopted for the hard Shirasu
and welded tuff, it is desirable to cut the shoulder part for the purpose of the reduction of tensile stress.
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Fig. 1 Relation between tensile strength and hard-
ness of Shirasu.
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Table 1 Identification and classification of the original ground Shirasu according to the hardness

(JSF standard: M 2-81)

Shirasu
Identification & classification Very soft l Semi-hard Hard Welded tuff
7 Shirasu Shirasu Shirasu Shirasu
Hardness H, (mm) ' less than 20 f 20-25 ‘ 25-30 ’ 30-33 more than 33
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Fig. 5 Failure mode of welded tuff.
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Table 2 Material constants of Shirasu and welded tuff
Kinds of Shirasu Soft Shirasu Semi-hard Shirasu Hard Shirasu Welded tuff
Hardness H, (mm) 23 28 32 34
Tensile strength o, (kPa) 5 8 22 50
Wet density o, (g/cm?) 1.27 1.37 1.50 1.59
Young’s modulus E, 8 11 22 36
(MPa)
Poisson’s ratio v, 0.41 0.38 0.33 0.30
Apparent cohesion c} 30 42 80 135
(kPa)
Ar;sg,le (3f shear resistance 38 41 45 48
7 C

Detail view of part A

Fig. 9 Finite element configuration for the cut-off
Shirasu slope.
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Fig. 18 Relation between three kinds of critical hei-
ght and slope angle on semi-hard Shirasu.
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