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Investigation of the Damage of Railway Bridges
and Tunnels Due to the Niigata Earthquake
By G. Yamada, H. Takahashi and A. Tizuka
Railway Technical Research Institute, Japanese National Raihways, Tokye
and
T. Ikeda

Struciure Design Office, Japanese National Railways, Tokyo

Abstract

Severe damage of railway bridges and tunnels due to the Niigata Earthquake is fairly restricted to
specizal districts of particular geological and soil conditions. These are the Shinanogawa bridge of Echigo
ling, the Terasaka tunnel and the Nezugaseki tunnel of Uetsu line.

The pier I of the Shinanogawa railroad bridge was titled together with its piler foundation by about 8§
degrees towards the centre of the river. The bridge is composed of 15 plate girders and 14 piers with
pier foundation. The pier I was located close to the bank in the high water channel reclaimed in 1940
after the construction of the pier. The foundation of pier [ is the plain concrete pier, 4.5m in diameter
and 10m in length.

According to the subsurface exploration, the =oil formation less than 10m deep is composed of loose
saturated sand of below the critical void ratio and the strata below this depth is composed of relatively
dense sand having N value of more than 10.

Pier and pier foundation were designed by the customary method of the earthquake-proof design against
the seismic coefficient of 0.2, and no severe damage was done to other piers except pier I. The cause of
the rotation of pier I may he explained by the strong lateral earth pressure due to the large ground
displacement like landslide and the liquefaction of the loose sand.

No severe damage was done to tunnels all along the railway lines, except a few tunnels of unfavorable
geological condition. Relations between the deformation of lining due to earthquake and the geological
condition are investigated for 2 damaged tunnels and 2 undamaged tunnels of Uetsu line. All of them
had been constructed with a thicker lining and an inverted arch owing to the unfavorable geological
condition,

Tunnels of unfaverabie geological condition as the Nezugaseki and the Terasaka tunnels, even with
smaller averburden, suifered more damage, namely many long cracks developed longitudinally in their
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arch crown of lining.

It is recognized that these cracks had already been made during construction and were enlarged by
the earthquake.

At the surface of a slope above the Terasaka tunnel, which indicates a landslide topography, several
cracks occurred immediately after the earthquake, but the subsequent displacement could not be recognized
by measurement. However, the measurement of a load cell installed at the foot of rail centre shows
that the load on the centre though lining acts intermittently.

Analysis of the deformation of lining due to earthquake could not be advanced, unless the mechanism

of that due to the earth pressure would be made clear.
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