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WFZER SR OBEEE (30) : Damage investigations that were conducted after such significant
earthquakes in mountainous regions as the Niigata-Chuetsu earthquake in 2004, the
Kashmir earthquake in Pakistan, 2005, and the 2008 Wenchuan earthquake in China
demonstrated that problems were caused not only by the strong shaking and related
phenomenon but also the post-earthquake instability of mountain slopes that were affected
by the shaking. The latter means that slope failures during the period of emergency rescue
and re-construction, road transportation at the bottom of unstable slopes is vulnerable to
slope failures and is often stopped in particular during rain falls. To protect such important
emergency activities from the slope problems, some structural measure was considered
necessary. It was thought important further that the planned structure does not have to be
so safe as normal structures in sloping ground because the road transportation to be
protected is not of the ordinary type but are the emergency vehicles whose safety demand is
not very high under special situations. Hence, the present research intended to investigate
a simple and portable tunnel structure that mitigates the effects of debris flow on road
transportation. The central aim was the evaluation of the impact force between debris flow
and a protective structure. Because a study on a real-scale structure undergoing debris
flow is impossible, a small-scale model study was made. By changing the amount of debris,
debris types, the length of a slope, its gradient, and friction of the slope surface, tests were



repeated on the distribution of impact pressure, its time history, and bending moment in an
affected structure. Accordingly, a regression analysis was made to obtain an empirical
formula for those values. The concerned structures were a vertical retaining wall and a
tunnel. In addition, an energy viewpoint was introduced to investigate in a more rational

manner the mechanism of generation of significant impact force.

Furthermore, a discrete

element analysis was developed to numerically reproduce the impact phenomenon in a
greater scale. These efforts were made to apply results from small-scale model tests to a

greater proto type in the field.
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