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Many natural disasters have occurred in Japan. Railroad lines have been damaged; especially by earthquakes, strong winds, and rain. In this paper, I will report on the accidents caused by these natural disasters, and the countermeasures taken after the accidents by East Japan Railway Company (JR East).
１．Countermeasures for Earthquakes
１－１．Outline of the Derailment of the Shinkansen Train, Caused by the Niigata Chuetsu Earthquake
In the Niigata Chuetsu Earthquake (M6.8), which occurred on October 23, 2004, "Toki 325" (10 cars long), running at about 204km/h between Urasa and Nagaoka stations on the Joetsu Shinkansen, was derailed, continued for about 1,600m, and then stopped. Fortunately, the cars did not deviate very far from the track, and none of the 154 passengers and crew members were killed or injured. Structures were also damaged by the earthquake; tunnels and viaducts were damaged, tracks were deformed, bridges and viaducts were sunk (Fig.1,Fig.2).
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１－２．Mechanism of the Derailment 
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First, a “rocking derailment” (*) happened on 11 axles of the 40 axles of the 10-car train, caused by the big earthquake vibration. Then, 11 other axles were derailed because rail fastening devices were broken by the wheels which were derailed by the earthquake vibration, and the wheels pushed the right and left rails outward. Finally, the last car fell into the waterchannel between the up and down tracks, because the derailment gave a shock to the glued-insulated joints (Fig.3). However, the train stopped without a large deviation from the track, because the cars did not separate from each other and wheels and bogie parts had a rail between them (Fig.4).
[image: image4.jpg]



＊"Rocking derailment"
　"Rocking derailment" is the following derailment phenomenon:
・A train receives the earthquake vibration to the right and left from the running direction.
・Wheels and axles vibrate toward top and bottom or toward right and left largely.
・One wheel rises from the rail while the wheel of the other side touches the rail.
・The wheel touching the rail glides on the top surface of the railhead, and the wheel and axle on the other side move in a cross direction.
・The flange of the wheel moving down lands on the top surface of the railhead, and moves off of the rail.
１－３．Countermeasures Taken by JR East
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① Measures to Prevent the Damage of the Structure
The reinforcement work for the ramen viaduct pillars which we undertook after the Hanshin Awaji Earthquake Disaster in 1995 (Fig.5) prevented big damage to these structures. After the Niigata Chuetsu Earthquake, we moved the reinforcement schedule forward for one year and completed it in March, 2008. We are doing seismic reinforcement construction work on of tunnels which intersect or are close to active faults and to viaduct pillars restricted by buildings.
②Measures to Stop Trains Earlier at the Time of Earthquake Outbreak
・Improvement of the Shinkansen Early Stage Earthquake Detection System
We had conventionally introduced "the Shinkansen Early Stage Earthquake Detection System", which stops trains by detecting the preliminary tremors (P wave) which arrive earlier than the main tremors (S wave) of the earthquake, by seismometers along the line and the seashore. We improved this system after this earthquake.
・Change of the method to estimate the earthquake scale
・Addition of the power transmission stop function according to the earthquake scale
・Addition of the seismometers along the line（28 places）
・Change of the judgment index for train operation
(Maximum acceleration (unit：gal )→ SI value (unit：kine))
・Installing of the Power Failure Detection Device in Cars
In the former system, when the ATC device detects a power failure at the time of a power transmission stop, the train automatically applies an emergency brake. In the new system we developed, the emergency brake signal doesn’t go through the ATC devices, so that the time to start applying an emergency brake after an earthquake is reduced from about 4 seconds to about 3 seconds.
③Prevention of Car Deviation from the Track after Derailment
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・The L-shaped Car Guide Equipment
We are installing L-shaped Car Guide Equipment on bogies to prevent the car from moving far from the rail after the derailment. The installation will be completed by March, 2009. (Fig.6)
・Measures to Prevent Breakage of Rail Joints
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We are improving glued-insulated joints by changing their shape so that a derailed wheel does not give a shock directly to bolts of the joint bar, and therefore will not break the bolt. This installation will be completed by March, 2012. (Fig.7)
・Development of the rail fall arrester
We are developing the device to prevent the rail from falling down or moving in the cross direction when the rail fastening devices were broken by the derailed wheels.　(Fig.8)
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④The Iwate-Miyagi Inland Earthquake
An earthquake (M7.2) whose seismic center was in the inland southern part of Iwate Prefecture occurred on June 14, 2008, but there were no casualties to passengers or crew. Various measures that we have taken after the Niigata Chuetsu Earthquake worked effectively; trains could apply an emergency brake before the main tremors arrived, and the viaduct was not broken.
２．Countermeasures for Strong Winds
２－１．Conventional countermeasures for strong winds
The Japanese National Railways had a regulation to stop train operation if the wind velocity measured by the anemometers along the lines is 30m/s or more. On December 28, 1986, the last year of the Japanese National Railways, a train running on the Amarube Bridge between Yoroi and Amarube stations on the Sanin Line was blown by a strong wind and fell off the bridge. Five employees of the factory under the bridge and the conductor of the train were killed, and 6 persons were injured. After this accident, JR East added the following regulations and a measure to the conventional regulation:
· Reducing the train speed when wind velocity is 25m/s or more
· Setting "early regulation" sections, where train services are stopped when wind velocity is 25m/s or more; the conventional section is called a “normal regulation” section.
· Transmission of the anemometer data to the Disaster Alarm System (PreDAS), later description
２－２．Outline of the Derailment of the Express Train on Uetsu Line
When a limited express train, "Inaho 14" (six cars long), running between Sagoshi and Kita-amarume stations on Uetsu Line, the line along the Sea of Japan, on December 25, 2005, passed the Second Mogami River Bridge and was on straight track on an embankment, all cars were derailed by a local gust of wind, and the first through third cars fell off the embankment. The first and third cars hit a building on the left side of the track (Fig.9). In this accident, 5 passengers were killed and 33 passengers and crew members were injured.
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A low pressure developed over the Sea of Japan on the day of this accident, and a cold front was prolonged from this low pressure. The Shonai Area, including the scene of the accident, was in the "warm area" of the low pressure section at 19:00. In addition, "blizzard" "surge" warning and "thunder" "snowslide" advisories were announced from a meteorological observatory in the Shonai Area.
According to the Railway Accident Investigation Report by the Aircraft and Railway Accidents Investigation Commission (ARAIC) of the Ministry of Land, Infrastructure and Transport released in April, 2008, "Inaho 14", running at the scene of the accident at about 100km/h at about 19:14, received a local "gust of wind" from the right side, with a speed of more than the overturn limit wind velocity, and was derailed on the left side. The report does not identify whether this "gust of wind" was a "tornado" or "downburst" (the sudden downward air current from a thunder cloud). In the committee of JR East, the cause of the accident has been investigated and the measures have been worked out; the cause of the accident corresponds to that by the ARAIC.
２－３．Countermeasures Taken by JR East
①Temporary Review of the Regulation (Wind Velocity)
All the existing "regulation sections" were restricted as "early regulation sections”; that is, reducing the train speed at 20m/s wind velocity and stopping train operation at 25m/s wind velocity.
②Installation of Extra Anemometers along the Lines
We installed extra anemometers along the lines to reinforce the observation system for wind.

（317 places（before the accident）→692 places（March, 2008））
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③Addition of Wind Break Fences
We installed more wind break fences, which reduce wind-force on cars (14 places, 7 sections, Fig.10). A section with the wind break fence becomes a “normal regulation section”.
④Addition and Inspection of the Regulation Section
Using a "Strong Wind Hazard Map", the simulation by the topography and the state of the wind of the sky, and the information from local employees, we confirmed the regulation sections again and set new regulation sections. (Previously 221 sections, 75 sections newly added)
⑤Introduction of the Strong Wind Warning System
We introduced "the Strong Wind Warning system", a system which predicts the wind velocity statistically using the past velocity data and regulates the operation when the prediction wind velocity or the true wind velocity exceeds operation control value. (69 sections, 18 lines).
⑥Trial of the Method Applying the Weather Information to the Operation Control
We examined a method to predict a local strong wind from indexes such as the passage of a cold front, the height of the thunder cloud and the echo strength by using weather information（weather chart and weather radar）.
The weather radar measures the distance to the cloud by using the travel time of the electric wave between the antenna and the cloud. It also measures the strength of the cloud by using the strength of the returned electric wave (radar echo).
Because the gust of wind is generated under a strong thunder cloud, we investigated the data at the time of the past gust of wind outbreak at the Sea of Japan side, and finally developed a caution range and a standard value for the strength (= echo strength), the expanse（= range where the echo strength is more than a certain standard）and the height（= echo top altitude）as the index of the thunder cloud as follows:
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1. A cold front is passing by
2. The area where strength of a thunder cloud has the potential of 80mm/h rainfall or more is larger than about 10km2
3. The height of the thunder cloud is more than 6,000m
⇒ From the point where conditions 1-3 above are met, the area of train operation stop is formed as an arc with a radius of 38km from the north to southeast (Fig.11).
We applied this operation control method between Niitsu and Sakata Station on Uetsu line and between Niigata and Shibata stations on the Hakushin Line from January to March in 2008, and we will continue this trial next winter. 
⑦Strong Wind Prediction by the Doppler Radar
 and Practical Use for Operation Control
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For the prediction of the local strong wind, we installed a Doppler radar at Amarume Station on Uetsu Line, and we now analyze the data collected and study for its practical use for the train operation (Fig.12). 
In search of the prototype system detecting a strong wind with a Doppler radar, we studied with research organizations outside the company; Meteorological Research Institute, Railway Technical Research Institute and Kyoto University.
3. Countermeasures for Rain
３－１．Outline of the Derailment of the Freight Train on the Tohoku Line
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On August 29, 1988, the embankment crossing Okurasawa River at Rokuhara Station on the Tohoku Line collapsed for about 30m due to the flooding by heavy rain, and the track was hanging in air for about 20m. Then, a freight train (double-header locomotives and 18 freight cars long) passed the collapse point, and the 2 locomotives and 9 freight cars were derailed (Fig.13). The driver was injured from the shock of the derailment.
The water level of  the Okurasawa River had been rising on that day because of the heavy rain which continued since the day before, and the nearby residents were ordered to evacuate.
３－２．Countermeasures Taken by JR East
At the time of this accident, the regulation for rain was only the measurements of the rain gauges along the lines, the system taken over from the Japanese National Railways. After this accident, we installed extra rain gauges and took disaster prevention measures as follows:
①Development of the Disaster Alarm System (PreDAS)
　We developed the Disaster Alarm System which can grasp weather information along the lines at all times by transferring weather data, such as readings from seismometers, rain gauges and anemometers automatically to the dispatcher room and maintenance center and applies it to restrict train operation.
②Development of the Landslide Detecting System
We tried to detect landslide at embankments and cuts, and developed the "Embankment Collapse Detection System" and "Cut Collapse Detection System".
The first system adopted the combination of a slant sensor and a disconnection detection mechanism which detects the falling of a terminal. The second system adopted a disconnection detection method, using a cable with a weak part. The disaster warning detected by each system is transmitted to a driver via PreDAS or directly by special signal indicators at the spot.
③Construction of Countermeasures for Rain
We installed countermeasures for rain around the Tokyo Metropolitan Area for the purpose of reducing the effects of temporary operation stops or slow-downs due to heavy rain. The countermeasures for rain were as follows:
・Concrete lattice frames and restraint stakes to prevent landslides at embankment and cut sections
・Sand stopper fences to prevent the inflow from natural slopes
・Cover of the tunnel entrance and exit
・Drainage for rainfall to flow well
We revised the regulation method by this construction, eliminated some train stopping operations（3 lines, 4 sections）, improved the standard value for stopping train operation（2 lines, 2 sections）, and improved the standard value for reducing speed and the reduced-speed value（10 lines, 10 sections）. Comparing with the former revision, the number of train operations stopped decreased by 80%, and the number of slowdowns decreased by about 40%.
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④Development of a New System for Rain Observation（”Practical Precipitation” Index）
We reviewed a precipitation index for the regulation of conventional lines, and introduced more appropriate regulation in July, 2007.
（Conventional index）
　The former regulation uses "hourly precipitation" and "continuous precipitation", which accumulates precipitation over a certain time period. "Continuous precipitation" is reset to 0mm when 12 hours have passed after rain stops (Fig.15).
（New index）
　We developed the “practical precipitation” index, which is equivalent to the water in the ground that changes by seeping and flowing out as time goes by (Fig.16). We set three kinds of practical precipitation in consideration of geological features, topography at the track or neighboring place, and past disaster histories. This index helps us set more appropriate regulation for rain. Comparing with the former index, the hours of train operation stopped decreased to about 80% while the protection against disasters is the same.
[image: image17.jpg]


[image: image18.jpg]




4. Conclusion
　JR East took various countermeasures for natural disasters after the accidents mentioned above. However, since the countermeasures for natural disasters cannot be completed, we will continue the research and development for better countermeasures with the progress of the technology.
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Fig.3 Derailed Shinkansen cars
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Fig.1 Damaged viaduct 
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Fig.6 L-shaped Car Guide Equipment
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Fig.9　Spot of the derailment
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Fig.10 Wind break fence
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Fig.12 Doppler radar


at Amarume station
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Fig.4 Wheels and bogie parts on the sides of a rail
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Fig.2 Damaged tunnel inside 
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Fig.13 Spot of the derailment
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Fig.15 Continuous precipitation
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Fig.16 Practical precipitation
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Fig.7 Improving glued-insulated joints
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Fig.11 Example of the regulation range
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Fig.8 Rail fall arrester


（Trial manufacture）
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Fig.14 Construction of countermeasures for rain
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