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1. Introduction
The rockfall is one of the slope disaster besides railway lines. 
In contrast to other types of slope disaster, because rockfalls are 
caused by various factors including earthquakes, rainfall, and the 
repetition of freezing and thawing, it is difficult to predict when 
and where the phenomenon will occur. To evaluate the stability 
of rock slopes where the phenomenon is anticipated to occur, 
railway operators conduct site surveys and, based on the results, 
estimate the risk of rockfalls and implement countermeasures 
to prevent rockfalls occuring. In most cases, however, these 
procedures is based on a qualitative judgment through visual 
observation by expert engineers. In the circumstances, therefore, 
it is desirable to develop a method to evaluate the stability of 
rock slopes quantitatively in the usual inspection process.
Bearing in mind the above, in this study the author looks at the 
case of separation type rockfall, introduces a method to estimate 
the maximum length (La) of falling rocks in a simple manner 
from the density and tensile strength of the rocks and evaluates 
the stability of the rocks by comparing the estimated maximum 
length with the observed length (Lb) of the rocks at the site.

2. Estimation of the size of falling rocks 
On rock slopes where columnar joints have developed, unstable 
columnar rocks are frequently observed, often overhanging and 
suspended with only the top connected to the base rock. This 
state can be modelled as rocks are held with the tensile strength 
at the base rock (Fig.1). Figure 1 indicates that the equation (1) 
expresses the conditions for a rock having a tensile strength of 
St to hold its own weight W when it is held by the base rock 
with the tensile strength at the top alone.
           StA ≥ W = LAρg                                (1)
            St  ≥  Lρg                                          (2)
The equation (2) gives the maximum length of the rock held 
by the base rock as:
            La = St/ρg                                         (3)

This equation indicates 
that the maximum 
length of falling rocks 
can be estimated based 
on their density and 
tensile strength.  Figure 
2 shows a nomogram to 
determine the maximum 
length of a rock having 
an arbitrary tensile strength and dry density.

3. Estimation of the degree of the decrease in the 
tensile strength 
Weathering usually causes the strength of rocks to decrease. 
When an unstable rock is separated from a rock slope, it is 
thought that the weathering causes the strength of the separating 
plane to decrease.
If the decrease in the tensile strength due to weathering is 
expressed as the ratio of the tensile strength of the weathered 
part to that of the non-weathered part, the more a rock has been 
weathered when assessed observed in macroscopy, the more the 
tensile strength has decreased. Based on the Fig.3, therefore, it is 
possible to estimate the tensile strength of the separating plane 
of a rock from the tensile strength of the non-weathered rock 
and the degree of weathering observed in macroscopy.

4. Evaluation of the stability of rocks on slope
Figure 4 illustrates a flow chart of the process needed to evaluate 
the stability of rocks based on the descriptions in the paragraphs 
2 and 3.  
First, the macroscopic degree of weathering and the tensile 
strength of non-weathered rocks should be grasped. Next, the 
tensile strength of the separating plane from Fig.3 should be 

estimated. Then Fig.2 can be 
used to determine the maximum 
length (La) of the falling rock 
based on its density and its tensile 
strength. Finally, the length (Lb in 
Fig. 5) of the rocks distributed on 
the rock slope and the maximum 
length (La) can be compared to 
evaluate the stability (Fig. 4).

5. Conclusion
It will be necessary to verify the 
procedure described above by 
taking measurements in the field 
and improving the precision of 
this method in the future.
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Fig..1. Schematic. diagram. and. a. photograph. of.
unstable.rock.on.slope

Fig..2. Nomogram.for. the.estimation.of.
maximum.length.of.the.falling.rock

Fig..3. Degree.of.the.decrease.in.the.ten-
sile.strength.due.to.weathering

Fig..4. Flow.chart.showing.the.process.needed.to.
evaluate.the.stability.of.rocks

Fig..5. Length. (Lb). of. the. rocks.
observed.at.the.slope
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Evaluate the stability of rocks

Assess the length (Lb) of the rocks on the slope (Fig. 5).

Estimate the maximum length (La) 
of falling rocks (Fig. 2).

Estimate the tensile strength in consideration of the degree 
of weathering of the part assumed to separate (Fig. 3).

Assess the density and the tensile 
strength of non-weathered rocks 
based on the results of  laboratory 
tests and other tests.

Assess the degree of weathering 
of the part assumed to separate 
by macroscopy observation.
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