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SYNOPSIS

Our studies so far performed concerning the title are reviewed. These
include a survey for train damages in ten recent heavy earthquakes in Japan,
actual conditions for the train damage, the calculated tolerance of the deforma-
tion of railway structures with use of the vehicle model on the SHINKANSEN,
the behavior and amplification factor of structures' displacement in earthquake
in the longitudinal direction and the stability of ballasted track and the defor-
mation of it in earthquake. Finally, an equipment simulating the railway track
movement in earthquake for the further analysis of the running stability of rail-
way vehicle is demonstrated.

INTRODUCTION

In destructive earthquakes which hit the developed countries in recent
years, railway as well suffered serious damages. However, most of these
damages are these of railway stations, railway structures, track or other
ground installations and fortunately trains in operation, especially passenger
vehicles which are mounted on bogies, have seldom suffered serious damage.

Running stability of railway vehicles has implicitly been considered all
right unless railway structures suffer destructive damage. Consequently, the
greatest effort has been so far directed to designing of earthquake-~resistant
railway structures. i

However, the increase of operating speed in these days indicates that an
earthquake-resistant design which considers mainly the strength of structures
is not adequate and it is necessary to consider deformation of track to main-
tain running stability of railway vehicles in the event of destructive earthquake.

SURVEY OF TRAIN DAMAGES IN EARTHQUAKES

Various types of train damage have observed in earthquake. The most
tragic one happened in Kanto Earthquake in 1923. The train approaching Nebu~
kawa station on the Atami-line was plunged into the sea by a collapse of slope.

Excepting such a disastrous case, train damages which relate to the run-
ning safety are

(1) the derailment and/or the overturn of a train caused by the track de-
formation, )

(2) those caused by the destruction of track in earthquake under the train
weight and

(3) in a rare case those directly caused by the violent track movement in
earthquake without conspicuous destruction of track.
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Though the occurrence of train damages is not always recorded, a gen};:--—
ral trend of those which have been investigated in the reports on recent earth-

quake is shown in Fig.1,

As the cause of the derailment and/or the overturn of. train, the track
deformation including that of sub-structure must be calle‘d important. Suc.h
cases are shown together with the seismic intensity in Fig.2. Most of train
damages in this type happened in the earthquake of more thap A\ on the seismic
intensity scale. The overturn of trains with bogies w1th.out conspicuous dam~
ages in track is supposed to have occurred only in Fukul.Ea.r.t‘hquake in 1948,
It is noteworthy that running trains were never damaged in Niigata Earthquake
in 1964 (Magnitude: 7.5, Seismic intensity scale: V).

DEFORMATION OF RAILWAY STRUCTURES

As the structures for the Nationwide SHINKANSEN Network, the use of
the elevated rigid frame structure either with simple beams between adjacent
ends or with same foundation at adjacent ends is expected considering the use
of the slab track, the riding quality and the running safety. Prior to the adop-
tion of these structures the tolerance of the deformation must be determined.

For the calculation of the tolerance, five types of deformation as shown
in Fig.3 were supposed. However, for the practical use two types were calcu-
lated depending on the actual deformation of structures in earthquake. These
are the parallel displacement and the dented deformation. As the model of
vehicle, one in Fig.4 (a) was conceived, but one in Fig.4 (b) was found suf-
ficient for the supposed deformation of structures.

The results are shown in Table1 ) The structure adopted is expected to
deform within the tolerance for the supposed seismic coefficient depending on
the conditions of both the foundation and the importance of the line.

Further, to know the behavior of structures in the longitudinal direction,
both the dented angle and the difference of displacement between structures
are calculated supposing the seismic movement of foundation as a sine wave.
Conditions for the analysis are as follows;

(1) Elevated structures displace as rigid bodies following the movement
of fundation.

(2) Sum of the differences of displacement in a structure between each
part of structure and the corresponding foundation is supposed to be
zero (Equilibrium for displacement).

(3) Sum of the moment of the above-mentioned differences is supposed to
be zero (Equilibrium for rotation).

(4) Difference of length of elevated structure due to rotation of it to the
track axis is negligible.

General aspect of displacement of structures is shown in Fig.5. Maxi-
mum dented angles and displacements between ends of structures are shown in
Fig. 6 for the case that

(1) the displacement of foundation is 5 cm and
(2) the types of structures are

K1: Structures of 30 m long wet without gap between their ends
and

K2: Structures of 30 m long set 35 m apart between centers of
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structure.

Fig.6 shows that the calculated value has a peak at a wave length near 50 m,
the dented angle is under 8 %e and the difference of displacement between ends
of structures is under 10 cm.

STABILITY OF BALLASTED TRACK AND ITS DEFORMATION

A number of large lateral deformations resembling a buckling of track
~ occurred in Niigata Earthquake in 1964.

This large lateral deformation of track is such that the deformation happens
just in track without any conspicuous deformation of foundation. Though the
records of its occurrences are few due to the lack of investigation by the con-
cerned specialist, it is likely to have occured in Kanto Earthauake (1923) and
Fukui Earthquake (1948) as well as in Niigata Earthquake.

Through the investigation of damages in earthquakes, conditions for its
occurrence are found to be as follows;

(1) Longitudinal force in rail which seems to have developed, because of
summer season (Kanto: September 1, Fukui: June 28, Niigata: June 16)
and daytime (Kanto: am 11°58', Fukui: pm 4°00', Niigata: pm 1°25!')

, . and hot temperature (Niigata: fair, Fukui: 25°C).

(2) The track on bad foundation.

(3) The track on wood ties and gravel ballast,

To make clear the condition of its occurrence, the variation of lateral
ballast resistance in vibration was investigated using the real tra)ck of 1.20m
long laid on a large vibration table of 5.0 m wide and 5.0 m long2 . According
to these tests the lateral ballast resistance is reduced along with vibrational
acceleration. Results are shown in Table 2. In the table, the statical lateral
ballast resistance of the track on wood ties and gravel ballast is one half that
of the track on concrete ties and crushed stone ballast, although the reduction
due to vibration is not so different. Thus, the lateral deformation of track

. seems to have occurred in the form of track buckling both due to the large
longitudinal force caused by temperature and seismic earth strain and due to
the low statical lateral ballast resistance.

For the track of Tokaido SHINKANSEN), the lateral ballast resistance for
the seismic coefficient 0.2 amounts to 0,83 of the statical one. This garantees
a buckling strength up to 92 t for a rail. Thus, the track has enough stability -
for the earthquake against which structures are designed.

In the survey of track damages in Off-T okachi Earthquake in 1968, a flow-
out of ballast as shown in Fig.7 was observed on the high embankment. To
make sure at what acceleration such phenomenon could occur, vibrational tests
were performed using the above~mentioned track. Results are shown for the
case of lateral excitation in Fig.8. The flow-out of ballast occurs at the vibra-
tional acceleration of more than 0.8 g for the lateral excitation and of more
than 1.3 g for the vertical excitation.

From this experiment, it has been confirmed that at high embankment the
acceleration in earthquake exceeds these values, but it is also certain that if
with proper design of structures the acceleration in earthquake can be under
the aimed value, the stability of track will be held.
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CONSTRUCTION OF STANDING TEST EQUIPMENT

Through such studies, we are now convinced that the displacement con~
troled design is important in the design of structures for high speed railways.
Especially, the study is important for the realization of 250 km/h operation on
the Nationwide SHINKANSEN Network.

So far, our analyses are limited to the simple model as mentioned above
and to the seismic coefficients which are used for the design of structures,
but in reality, as pointed out recently, bigger accelerations in earthquake were
observed and the bogie type vehicles which are in use on the SHINKANSEN
seem to be more earthquake-resistant. These are our standpoint for the fur-~
ther study from now,

To promote the study, we are now constructing a new standing test equip-
ment for a 1/5 scale model running vehicle. A general view of the equipment
- is shown in Fig.9. Items are as follows; weight of vehicle model: 600 kg;
rolling speed: 1~40 m/sec variable; exciting axes: 4 independent components
(vertical, lateral, rolling and yawing); frequencies: 0~30 Hz independent at
each component; maximum acceleration: 1 g; maximum amplitudes: £30 mm for
vertical and lateral directions and 0.05 rad for rolling and yawing; distances
between centexrs of track unit: 4004000 mm variable; gauger 200~300 mm
variable. Four track units support wheels of vehicle model. Rolling and
excitation are performed by an electro~oil pressure servo system.

CONCLUDING REMARKS

So far the studies done meeting our concern are vexry few. Thus, we must
develop these works independently. Herewith, we demonstrate our studies so
far made. It is our pleasure to be able to have discussions and comments.
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(1) TRACK DEFORMATION

(2) DESTRUCTION OF TRACK
UNDER TRAIN WEIGHT

(34) VIOLENT TRACK MOVEMENT
NO CONSPICUOUS
DESTRUCTION IN TRACK

(38) VIOLENT TRACK MOVEMENT
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(4) NO INFORMATION
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FIG.7 BALLAST IS FLOWN OUT FROM THE TRACK
ON THE HIGH EMBANKMENT
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INCEX FOR THE FLOW-OUT OF BALLAST
1. SEVERAL INSTABLE STONES BEGIN TO VIBRATE AT SITE.
2. FLOW-OUT OF BALLAST BISNS AT THE SHOULDER OF BALLAST.
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