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GEOMORPHOLOGICAL IMPLICATION OF CROSS PROFILE GEOMETRY
IN MASS MOVEMENT PHENOMENA

By Masashige HIRANO and Takayuki 1SHII

Synopsis

Stability of the landslide block especially with an elongated plan shape and an arcuate
cross profile is discussed theoretically at first by means of variation calculus. This kind of
landslide is treated as the transversal two-dimensional problem. The cross profile should be
so that makes the slide block most unstable. The profile in homogeneous materials is thus
the arc or the ellipse which is the stationary curve obtained as the solution of iso-perimetric
problem in variation. This analysis introduces a new and reasonable method to evaluate the
cohesive strength and the coefficient of friction of soil mass, based on the cross-profile
morphology of land slide block. Especially, the cohesive strength estimated in this way is a
half as large as some value by the previous method applied to longitudinal profile. Applica-
tion of this method to some actual cases is attempted and discussed.
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Fig. 1. Co-ordination of cross profile morphology of land slide (A), and its geometry for variation
calculus (B).
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Fig. 2. Relative stability of cohesive landslide depending on slide block morophology. Variety of
cross profile morphology is represented quantitatively by the ratio of depth to width in the
abscissa, and relative value of safety factor is in the ordinate. Hemicycle is the factor
most unstable profile in both cases.
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Fig. 3. Relative stability of cohesive landslide mass with an arcuate shape under the situation

that soil thickness is the limiting condition. Variety of cross profile morphology is given
for the ratio of width to depth in the abscissa. The larger the cross area, the more unstable
the block is, if the soil thickness is constant. The ordinate gives the relative value of safety
factor as in Fig. 2.
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Fig. 4. Most unstable profiles of landslide under hydrostatic situation, where C cohesion, u
friction, D depth and p bulk density of soil layer. Stationary curves are perpendicular to
the land surface satisfying the transversality condition there. It is noted that the curves
can be approximated by ellipse shown by broken line.
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Fig. 6. Experimatal result using wet sand supported by roughness of bottom and side walls.
Shadow on cross bar gives the approximate shape of slip plane which is arcuate or elliptic
one as shown in A(whole) and B(upper most portion).

(A)

Fig. 7. Schematic representation of sand box experiment given in Fig. 6 showing the comparison
of two types of cohesive strength estimation, where A for cross profile analysis, and B for

longitudinal profile analysis.
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Fig. 8. The plan shape (left) and the examples of cross profile morphology (right) of the land
slide of Kitahata, Kobe City, occurred in April 1983. Distribution of crack in the plan is
after Hyogo Prefecture (1987)%.
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Mt. St. Helens
North Fork Toutle 6000

Fig. 9 Estimated profiles of the secondary plug flow developed in the avalanche sediment
from Mt. St. Helens and filling the valley of the North Fork Toutle. Arrows give the
boundaries of the flow. Composed from 1 ; 62500 topographic map before and 1 : 24000
one after the eruption. Broken lines give the landform before eruption, and the

T
2000

T
4000

estimated plug flow profile.

Table 1. Cohesive strength and friction estimated by two-dimensional transversal analysis of
landslide mass, where the bulk dencity p is assumed to be 1.8 g/cm® commonly and the
values of Ci are given in g/cm? Numerals in parentheses give the radiaus (») in stead
of the width 2w and the angle (@) instead of the ratio D/w for soil pressure model.

6 " p 2w D D/ww) f E Cs
Experiment 60° 1.8 20cm 8cm 0.8 0.5 1.5 0.087 5.0
(10.3 cm) (77.8) - - 0.1 5.8
0.087 5.9
0.0 6.6
Kitahata 100 1.8 660m 7m  0.212 17 1.2 0.14 10.9
(81.3m) (24.0 -+ -+ 0.1 61.1
0.14 27.9
0.15 19.6
100 1.8 51.0m 10m 0.392 4.3 1.3 0.108 47.4
(37.5m) (42.8) - - 0.1 332.6
0.108 208.2
0.15 106.7
St. Helens 1.8 1.8 3200ft 220ft 0.138 30 1.15 0.0297 13.3
(5298 ft) (15.7) - -+ 0.0207 1001
1.8 1.8 3100ft 200ft 0.129 35 1.13 0.030 10.5
(6106 ft) (4.7 - e 0.030 914
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Fig. 10. So-called avalanche valley in Mt. Bandai deposits by 1888 eruption. Topographic
situation suggests that the valley has developed where the thickness of avalanche
deposits was largest just on the burried previous valley.
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