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SYNOPSIS 
 
<SUMMARY> 

On January 16, 2019, the inbound 1052A train, one-man operated and composed of 6 vehicles, 
started from Uchijuku station bound for Omiya station of Ina Line of Saitama New Urban Transit 
Co., Ltd., departed from Kamonomiya station on schedule at 11:01. While the train was running 
between Kamonomiya station and Railway Museum station at the velocity of about 30 km/h, the 
driver of the train heard a strange sound "boom" from the rear of the train, and applied the brake. 

After the train had stopped, the driver walked through the cabin of each vehicle and and 
confirmed the situation. When looked the 6th vehicle from the rear gangway of the 5th vehicle, it 
was found that the front part of the vehicle body of the 6th vehicle tilted and displaced by about 
50 cm toward left. 

The staff, who arrived after received the call from the dispatcher's office, checked the situation 
and found that the front left vehicle body of the 6th vehicle had been contacted with the side wall 
of the viaduct, and the left tire of the 1st axle had been damaged and had deviated from the 
running track. Furthermore, the right tire of the same axle had also been damaged. 

About 100 passengers and one driver were on board the train, but no one was injured. 
As a side note, the accident occurred in the railway that used rubber tires as the wheels, 
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different from the railways using steel wheels. 
 
<PROBABLE CAUSES> 

It is highly probable that the pneumatic pressure of the left tire of the front axle of the vehicle 
decreased suddenly due to breakage, and the safety wheel damaged due to vehicle running with 
the damaged tire, then the guide wheels came off to downward of the guide rail, and the running 
wheels deviated from the running track, resulted the derailment, in the accident. 

It is highly probable that the element wires of the steel belt were cut in the broken tire because 
the vehicle ran in the status that the safety wheel had been contacted with inner surface of tire due 
to extreme lack of the pneumatic pressure of the tire. 

It is probable that the pneumatic pressure of the tire became to lack extremely because the air 
leakage was caused by some of the broken element wires of the steel belt reached to inner surface 
of the tire as the vehicle ran in the status as the steel belt was exposed due to the abrasion of the 
tire tread. 

It is probable that the train was running in the status as the steel belt was exposed due to the 
abrasion of the tire tread, because the vehicles had been operated without checked sufficiently the 
status that the main grooves in the tire tread had been worn out due to the abrasion as the depth of 
the main grooves was not measured in the extra inspection, and the confirmation of the worn 
status of the tires in the train inspection had not been prescribed. 
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1. PROCESS AND PROGRESS OF THE RAILWAY ACCIDENT INVESTIGATION 
 
1.1. Summary of the Railway Accident 

On Wednesday, January 16, 2019, the inbound 1052A train, one-man operated and composed of 
6 vehicles, started from Uchijuku station bound for Omiya station of Ina Line of Saitama New 
Urban Transit Co., Ltd., departed from Kamonomiya station on schedule at 11:01. While the train 
was running between Kamonomiya station and Railway Museum station at the velocity of about 
30 km/h, the driver of the train heard a strange sound "boom" from the rear of the train, and 
applied the brake. 

After the train had stopped, the driver walked through the cabins and and confirmed the 
situation. When looked the 6th vehicle from the rear gangway of the 5th vehicle, it was found that 
the front part of the vehicle body of the 6th vehicle tilted and displaced by about 50 cm toward left. 
Hereinafter, the words "front", "rear", "left", "right" are based on the direction of travel of the 
train, and vehicles are counted from the front. 

The staff, who arrived after received the call from the dispatcher's office, checked the situation 
and found that the front left vehicle body of the 6th vehicle had been contacted with the side wall 
of the viaduct, and the left tire of the 1st axle had been damaged and had deviated from the 
running track. Furthermore, the right tire of the same axle had also been damaged. 

About 100 passengers and one driver were on board the train, but no one was injured. 
As a side note, the accident occurred in the railway that used rubber tires as the wheels, 

different from the railways using steel wheels. 
 
1.2. Outline of the Railway Accident Investigation 

1.2.1. Organization of the Investigation 
This accident is classified as a "train derailment accident" as defined in Article 3, Paragraph 1, 

Item 2 of the Ordinance on Reporting on Railway Accidents, etc., Ministry of Transport, 
Ordinance No.8, 1987, as the first axle of the sixth vehicle of the train of a guide rail type 
railway deviated from the running track. In addition, the accident was subject to investigation 
that was stipulated in Article 2, Paragraph 1 of the Ordinance for Enforcement of the Act for 
Establishment of the Japan Transport Safety Board, Ordinance of the Ministry of Land, 
Infrastructure, Transport and Tourism, No. 124, 2001, prior to the revision by Article 2 of the 
Ordinance for Enforcement of the Civil Aeronautics Act and the Ordinance for Enforcement of 
the Act for Establishment of the Japan Transport Safety Board, Ordinance of the Ministry of 
Land, Infrastructure, Transport and Tourism, No.1, 2020. Therefore, this accident became to the 
subject of the investigation. 

The guide rail type railway is the transportation system that have the running track 
suspending the vertical load of the vehicle, and the guide rail*1 guiding the running direction 
of the vehicle, and operate by the vehicles having the guide wheel*2 as the steering devices. 

As shown in Figure 1, the company adopts the lateral guide rail system that the vehicle runs 
on the running track by the rubber tires and guided by the guide wheels equipped to left and 
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right sides of the vehicle against the guide rails on both sides of the running track. 
 

 
Figure 1. Outline of the Ina Line running system, i.e., lateral guide rail type railway, and wheels, 

i.e., rubber tires. 
 

On January 16, 2019, the Japan Transport Safety Board, JTSB, designated an investigator-
in-charge and two railway accident investigators to investigate this accident. In addition, the 
board members and railway accident investigators were dispatched to the accident site and 
other locations. 

The Kanto District Transport Bureau dispatched its staffs to the accident site to support the 
investigation of this accident. 

To implement the investigation on the accident, cooperation was obtained from the Japan 
Automobile Tyre Manufacturers Association Inc., to analyze the causes of the tire damage and 
puncture. 
*1 "Guide rail" is the rail, guide rail, that guides the vehicle's guide wheels in the direction of travel. 
*2 "Guide wheel" is the wheel that guides the vehicle in the direction of travel along the guide surface of 

the guide rail. 
 

1.2.2. Implementation of the Investigation 
January 16 and 17, 2019 :  On-site investigation, hearing statements, and vehicle 

investigation 
January 23, and February 6, 2019 : Vehicle investigation 
February 20 to April 11, 2019 :  Commissioned investigation 
March 8, 18, April 3, 4, 2019 :  Vehicle investigation 
May 31, December 10, 2019 :  Vehicle running wheel investigation 

 
1.2.3. Comments from Parties Relevant to the Causes 

Comments were invited from the parties relevant to the probable causes. 
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2. FACTUAL INFORMATION 
 
2.1. Process of the Train Operation 

According to the statement of the driver of the inbound 1052A train, composed of 6 vehicles 
trainset, started from Uchijuku station bound for Omiya station of Saitama New Urban Transit Co., 
Ltd., hereinafter referred to as "the driver", "the train", "the company", respectively, and the 
records of the operating status, the summary of the process to the occurrence of the  accident 
were as follows  

 
2.1.1. Statements of the Driver        [Refer to Attached Figures 1 to 3] 

On the day of the accident, I transferred to the 06 trainset, hereinafter referred to as "the 
trainset, operated as the outbound 927B train, which was scheduled to be operated as the train, at 
Maruyama station at 8,160 m from Omiya station, hereinafter "from Omiya station" was omitted, 
and received a report from the driver who replaced me that there was nothing wrong. The train 
departed from Uchijuku station on schedule at 09:26, and arrived at the terminus at Uchijuku 
station. After that, after the trainset had been operated one round trip between Uchijuku station 
and Omiya station, then became to the train. 

There was no special abnormality in the train after departed from Uchijuku station on 
schedule at 10:40, till to the halfway Kamonomiya station, and departed from Kamonomiya 
station on schedule at 11:01. After departed, I operated the train in the powering operation till to 
the velocity of about 40 km/h, as the ATC*3 indicated the 40 signal*4, and after adjusted to about 
30 km/h by coasting and braking operations till to the 30 signal in the next, passed through the 
down grade track and the curved track. While the train was running in powering operation at a 
speed of about 40 km/h on the upgrade track, I heard a loud low "bong" sound from behind, 
which I had never heard before when the front head of the train was about to go up the upgrade 
track. At that time, there was no malfunction or warning sign in the driving desk. 

After the noise was heard, a passenger knocked on the door of the driver's cab and reported, 
"Driver, the tire is bursting*5", at about the same time as I applied the brake, then I stopped the 
train. 

Immediately, I reported to the dispatcher's office, hereinafter referred to as "the dispatcher," 
that "I stopped the train because I heard a strange noise and had received a report from a 
passenger that a tire had burst. I will go to check the status from now on". As I was instructed 
from the dispatcher to take the radio with me, I went backward through the cabins of the  train. 
When I looked at the 6th vehicle, hereinafter referred to as "the vehicle", from the 5th vehicle, I 
saw that the vehicle tilted and shifted to left by about 50 cm, and that there were pieces of 'the 
pneumatic safety wheel type rubber tire*6', hereinafter referred to as "the tire", scattered on the 
running track, then I reported to the dispatcher using the radio device. 

After that, I returned to the 1st vehicle and announced the guidance to the passengers, "The 
vehicle breakdown has happened, and the train cannot be running", and waited for the 
instructions from the dispatcher. At that time, the passengers of the vehicle had already moved to 
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the forward vehicle, and the passengers reported that there was a loud sound. 
As the dispatcher asked me if the train could run, I reported that it could not. I went to the 

vehicle to check the status of the side wall contact line*7 and looked at the side wall contact line 
installed in the side surface of the running track through the front window in the driver's cab 
of the vehicle. As the side wall contact line looked as not to be distorted, I reported that to the 
dispatcher. When I returned to the driver's cab in the 1st vehicle and checked the left side 
through the window of left door for getting on and off in the driver's cab, it was found that the 
vehicle had been contacted with the left side wall, therefore, I reported to the dispatcher again. 
I also announced to the passengers that the passengers should not go down to the tracks 
because it was dangerous. 

After that, a staff of the Railway Museum, who was under the viaduct around the stopped 
position of the train, called from under the viaduct to the driver's cab, as "The ATC control panel 
has been fallen into the parking lot of the museum", then, I reported it to the dispatcher. 

As the dispatcher informed me that the announcement of the stop power feeding*8 and that 
evacuation guidance would be started, I checked that the voltmeter in the driving desk in the 
1st vehicle indicated 0 V, after that, I opened the emergency door in the front surface of the 
driver's cab, set up an evacuation ladder, and went down to the running track. Then I used a 
voltage detector*9 to confirm that the voltage on the side wall contact line was 0 V, and 
reported it to the dispatcher, who instructed me to start guiding passengers when the staffs are 
arrived, therefore, I made the guidance announcement as to gather in the forward of the train. 

After that, I started to guide passengers to get off the train as giving priority to children and 
the elderlies, and reported to the dispatcher when the evacuation of passengers to the Railway 
Museum station was completed. 

About 100 passengers were boarded on the train, but no one was injured. 
*3 "ATC" is an abbreviation for Automatic Train Control, which is the system that controls the speed by 

automatically, which checked the velocity of the train continuously based on the speed limit signal, 
i.e., "60 signal", "40 signal", "30 signal", "20 signal", "0 signal", "x signal that means no signal", in 
the company, instructed continuously corresponding to the position of the preceding train and the 
condition of the tracks, and applied  the brake automatically when the velocity of train exceeded the 
limit speed and release the brake automatically when the velocity of train was lower than the limit 
speed. 

*4 The "40 signal" means an ATC signal displayed as the signal indicating the allowable operating speed 
on the onboard signal display device in the driving desk of a train operated by the ATC, and the "40 
signal" indicated that the allowable operating speed is 40 km/h. 

*5 "Burst" in this text means the damage that the inner air blows out at once when the pneumatic tire 
bursts and breaks. 

*6 "Pneumatic safety wheel type rubber tire" means the pneumatic rubber tire equipped with auxiliary 
wheels, i.e. safety wheel, that support the load when the inner pressure drops. 

*7 "Side wall contact line" means an electric wire, hanged line, that supplies electric energy to a vehicle 
through a current collector attached to the vehicle. 

*8 "Feeding" in this context means electricity supplied from a substation to a train through a side wall 
contact line, and "stop feeding" means to stop the supply of electricity from a substation. 

*9 "Voltage detector" in this context means an electricity measuring instrument used to determine 
whether or not the side wall contact line is in a power transmitting status. 
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2.1.2. Records of the Operating Status 
2.1.2.1. Records in the Event Recorder 

The train was equipped with an event recorder, and the "time", "velocity", "notch position", 
etc., were recorded. These records before and after the occurrence of the accident are as 
shown in Table 1, the information are recorded every 0.1 second as the specification. 
According to these records, the ATC onboard device detected the no-signal status, and the 
emergency brake was activated by the immediate stop of the ATC. 

The values of the "distance" indicate the distance from Kamonomiya station, i.e., the 
stopping station located before the accident site. The system does not have the functions to 
correct the wheel diameter, i.e., tire diameter, corresponding to the worn amount of the tire, 
and to record the running distance. However, considering a large worn amount of tires in the 
train, the running distance was revised to come closer to the actual running distance in order 
to improve accuracy of the location information of the train in around the accident site. 

The values of "time" were corrected based on the clock built-in the security camera at the 
platform of Kamonomiya station, which had been revised by the public server of the National 
Institute of Information and Communications Technology. 

As a side note, there is a possibility to include errors in the values of the velocity and the 
distance. 
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Table 1. Summary of the operating status of the  train 
Time 

[hh:mm:ss] 
Velocity 
[km/h] 

ATC 
signal 

Signal 
code Notch Remarks 

Distance [m] Others. kilometerage is the positon of front vehicle 
11:01:37.64 0 60 6 F2 0.0 Departed from Kamonomiya Sta. 
11:01:39.54 0.2 60 6 F3 0.0 Started up 
11:01:45.84 23.6 40 5 F3 20.0 Around 3,180 m 
11:02:10.44 28.6 30 4 F3 250.7 Around 2,950 m 
11:02:25.94 27.6 30 4 B1 363.2  
11:02:34.44 29.0 30 4 Off 430.4  
11:02:41.14 27.2 30 4 F1 482.9  
11:02:46.84 28.4 30 4 F2 526.4  
11:02:48.44 29.3 30 4 F2 539.1 Time band that front vehicle body of the vehicle tilted. Records 

of security camera in the cabin was 
11:02:48.53 to 11:02:48.67 

: : 30 4 F2 : 
11:02:48.74 29.5 30 4 F2 541.6 
11:02:49.74 29.9 60 6 F2 549.8  
11:02:52.24 30.5 60 6 F3 570.7  
11:03:07.14 58.4 60 6 Off 758.2  
11:03:09.14 57.6 60 6 F1 790.3  
11:03:24.84 58.2 60 6 Off 1038.7  
11:03:27.54 56.6 60 6 F1 1081.5  
11:03:34.24 56.1 60 6 F1 1185.3 

Time band that front vehicle body of the vehicle shifted left. 
Records of security camera in the cabin was 

11:03:34.27 to 11:03:35.53 

: : 60 6 F1 : 
11:03:34.84 55.7 60 6 Off 1194.6 

: : 60 6 Off : 
11:03:35.54 54.7 60 6 Off 1205.3 
11:03:36.64 53.5 60 6 B1 1221.7 Brake was applied. 
11:03:36.94 52.8 60 6 B3 1226.0  
11:03:38.04 49.8 60 6 B4 1241.6  

11:03:39.44 45.2 0 1 B4 1260.0 Became to the no-signal due to the broken ATC onboard device. 
Emergency brake acted at around 1,941 m. 

11:03:39.54 44.8 0 1 B5 1261.2  
11:03:46.94 0 0 1 B5 1307.6 Stopped 

# "Signal code" indicates the code number of the ATC signal indication in the driving desk. The codes 6, 5, 4, 3, 2, 1 showed 
as detected the 60 signal, the 40 signal, the 30 signal, the 20 signal, the 0 signal, the x signal, i.e., no signal, respectively. 

# "Notch" indicates the notch position of the master controller. "F", "Off", "B", indicate the "Powering, proceed" position, 
"Off, Coasting" position, "Brake" position, respectively. Numbers indicate the notch step. 

 
2.1.2.2. Records in the security cameras in the cabins 

Each vehicle of the train is equipped with four security cameras that record video images of 
the front, rear, left and right sides in the cabin. Among these security cameras, the situation in 
the cabins before and after the occurred time of the accident in the images of the security 
cameras installed in the 5th vehicle and the vehicle are as shown in Table 2. 

The security camera in the vehicle recorded the situation when the front part of the vehicle 
body tilted to left. One of the security cameras, camera B in Table 2, took the scene of the 
entire cabin from the rear part, and the other one, camera C in Table 2, took the scene in the 
direction of left window in the rear part of the vehicle. The image showed that the front floor of 
the vehicle body momentarily dropped about 0.13 seconds after the left window in the rear 
part of the vehicle body passed the No.32 shelter*10, located at 2,702 m. 
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Table 2. Images in the security cameras before and after the  accident 

No. Time of 
Day 

Image in the security camera, Camera A, 
in the 5th vehicle 

Image in the security camera, Camera B, in 
the vehicle 

1 11:02:48 

- The cabin floor near the gangway of the 
vehicle drops a little in an instant. 

- Plural passengers looked back at almost 
the same time. 

- Camera C taking left side view, took the 
situation that the Camera B taking 
forward took the situation that the 
pitching occurred momentary just after, 
about 0.13 s after, took No.32 shelter at 
2,702 m. 

2 11:02:59 - The passenger seated in the vehicle 
hastened to the 5th vehicle. 

- The passenger seated on in front left 
begins to move to the 5th vehicle. 

3 11:03:07 - The shaking of the  vehicle gradually 
increasing. - Pitching gradually increasing. 

4 11:03:21 - Plural passengers in the vehicle move to 
the 5th vehicle. 

- Plural passengers start to move to the 5th 
vehicle. 

5 11:03:25 - Shaking of the vehicle becomes violent. - Pitching notion becomes severe. 

6 11:03:31 - Almost all passengers in the  vehicle 
move to the 5th vehicle. 

- Almost all passengers move to the 5th 
vehicle. 

7 
11: 03: 34 

to 
11: 03: 35 

- The bellows of the gangway between the 
5th vehicle and the vehicle blocks left 
half of gangway when viewed from the 
5th vehicle. 

- Large rolling occurred. 

8 11:03:47 - The train stopped - The train stopped. 

9 11:03:59 - All passengers of the vehicle finished to 
move to the 5th vehicle. 

- All 6 passengers who stayed in the  vehicle 
till to stop moved to the 5th vehicle. 

※ The time indicates the corrected time described in 2.1.2.1. 

 

*10 "Shelter" is the facility provided to the staffs for track maintenance, etc., to avoid trains. The  
company has decided to set up a shelter every 90 m. 

 
Table 3 shows the events arranged in time series after revised the times in the security 

cameras in each vehicle of the train and the times in the event recorder, and including the time, 
etc., when the train passed through each shelter. The position where the colored window in 
the trainset shown in Table 3 is directly beside each shelter is set as the place where 
estimated as the passed time, and the numerical value in the trainset diagram indicates the 
distance [m] between the first axle of the vehicle, hereinafter referred to as "the front axle", 
and the colored window. Note that the image of the No.32 shelter described in Table 2 was 
taken from the rear window of the vehicle, i.e., 4.5 m backward from the front axle of the 
vehicle. 
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Table 3. Time series of relationship between security camera information and event records 

 
Master 
controller 
notch 

Time [hh:mm:ss] Position of 
front axle of 
6th vehicle 

Remarks 
 Colored window 

shows the position 
confirmed shelter, 
numbers indicate 
distance between 
the derailed axle 
and the position 
confirmed shelter. 

Cabin 
camera 

Event 
recorder 

Powering 1 11:02:41.13 11:02:41.14 2,759.0 m Notch operated 
| 11:02:43.20  2,739.5 m 1st vehicle passed No.32 shelter, 2,702 m 
| 11:02:44.03  2,731.5 m 2nd vehicle passed No.32 shelter 
| 11:02:45.06  2,723.5 m 3rd vehicle passed No.32 shelter 
| 11:02:45.93  2,715.5 m 4th vehicle passed No.32 shelter 

Powering 2 11:02:46.86 11:02:46.84 2,715.0 m Notch operated  
| 11:02:47.33  2,705.0 m 5th vehicle passed No.32 shelter "Vehicle body" in 

"Remarks" column 
is the vehicle body 
of the vehicle 

| 11:02:48.27  2,699.5 m 6th vehicle passed No.32 shelter 
| 11:02:48.40   Front floor lowered momentary, camera 

in 6th vehicle 
| 11:02:48.53   Vehicle body started to tilt, camera in 5th 

vehicle 
| 11:02:48.67   Vehicle body started to tilt, camera in 6th 

vehicle. Vehicle body tilted max., camera 
in 5th vehicle. 

 

| 11:02:48.73   Vehicle body tilted max., camera in 6th 
vehicle. 

| 11:02:50.46  2,682.5 m 1st vehicle passed No.31 shelter, 2,645 m 
Powering 3 11:02:52.20 11:02:52.24 2,670.0 m Notch operated 

Off 11:03:07.13 11:03:07.14 2,482.0 m Notch operated 
Powering 1 11:03:09.20 11:03:09.14 2,450.5 m Notch operated 

Off 11:03:24.86 11:03:24.84 2,202.0 m Notch operated 
Powering 1 11:03:27.53 11:03:27.56 2,159.0 m Notch operated 

| 11:03:33.93  2,055.0 m 5th vehicle passed No.24 shelter, 2,052 m 
| 11:03:34.27   Front vehicle body started to shift to left, 

camera in 5th vehicle 
| 11:03:34.40  2,049.5 m 6th vehicle passed No.24 shelter 
| 11:03:34.67   Front vehicle body is tilting, camera in 

5th vehicle 
Off Unknown 11:03:34.84 2,046.0 m Notch operated 

| 11:03:35.53   Front vehicle body stopped to tilt, camera 
in 6th vehicle 

Brake 3 Unknown 11:03:36.64 2,019.0 m Notch operated 
Brake 4 Unknown 11:03:38.04 1.999.0 m Notch operated 
Brake 5 Unknown 11:03:39.54 1,979.5 m Notch operated 

| 11:03:39.60  1,974.5 m 6th vehicle passed No.23 shelter, 1,977 m 
| 11:03:46.46 11:03:46.94 1,929.5 m Stopped 

 
Figure 2 shows the situation in the vicinity of the No.32 shelter shown in No.1 of Table 2 

and Table 3. The first position where the abnormality in the vehicle was observed was at 
around 2,690 m, in the 55 ‰ upgrade track of the 3,723 m radius left curve, and before the 
road heating*11 section. 
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Figure 2. Status in around the No.32 shelter 

 
*11 "Road heating" is the method to prevent the road surface from freezing and snow accumulation by 

embedding a heating wire or the like in the road surface as a measure to prevent slipping during 
snowfall or freezing in winter. The surface of the running track contacted with tires in the road 
heating section of the Ina Line was grooved. 

 
2.1.2.3. Operation record of the main converter 

The 2nd vehicle and 5th vehicle of the train are equipped with the main converter that 
supplies electric power to the power unit, monitors and controls commands to the main traction 
motor and control equipment, etc., and their status, etc., and has the function to record the 
protective actions and failure data of the related equipment. 

On the day of the accident, there were the records in the main converter in the 5th vehicle 
that an emergency brake detected at 11:03 while running at the master control brake 4 notch at 
the velocity of 44.6 km/h, and the related protective action was activated. There was no other 
record in the latest five days before the accident. 

 
2.1.3. Record in the Dispatcher's Office 

At about 11:03 on the day of the accident, the control console of the Ina Line's transportation 
management system in the dispatcher's office displayed "ATC severe failure", indicating that the 
ATC ground device had failed and was no longer functioning normally. 

 
2.1.4 Image Records of the Security Cameras on the Platform of the Station 

The platforms of the Ina Line are equipped with security cameras, which take the status of 
boarding and alighting of the entire train. From the video images of the security camera 
installed on the platform at Maruyama station, the lateral tilting of the vehicle body was 
confirmed in each vehicle of the trainset at the time of arriving and departing. 

According to the video images, a slight inherent tilt was observed in all vehicles of 
the trainset, but no vehicle had been tilted significantly when observed relatively. 

[Refer to Attached Figures 1 to 3] 
 
2.2. Human Death, Missing and Injuries 

None was dead, missed or injured in the accident. 
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2.3. Information on the Railway Facilities and Vehicles, etc. 
2.3.1. Information on the Accident Sites, etc. 

2.3.1.1. Outline of the route     [Refer to Attached Figures 1, 2] 
The entire track of the Ina Line was the elevated structure, with a double track section 

between Omiya station and Maruyama station, and a single-track section between Maruyama 
station and Uchijuku station. In the double track section, the tracks are laid on either side of the 
viaduct of the Tohoku and Joetsu Shinkansen Lines. 

The starting point, Omiya Station, is equipped the loop turn around track, so the front 
vehicle remains the same. When the train turns back at Uchijuku station, the last stop, the front 
most vehicle, and the rear most vehicle is switched. 

 
2.3.1.2. Stopped position and derailed status of the train    [Refer to Attached Figure 4] 

The train stopped as the front head of the train at around 1,888 m. 
The outline of the damaged status of the vehicle was as follows. 

(1) The tire and the safety wheel*12 of the No.2 running wheel*13, the left wheel of the front 
axle, were damaged, and pieces of the tire and the safety wheel scattered on the running 
track and in the gutter, etc., from around 2,686 m and 2,494 m, respectively, till to the 
stopped position of the front axle of the vehicle, around 1,930 m. 

(2) The front part of the steering arm, hereinafter referred to as "the guide arm", which is the 
guidance steering device*14 in left side of the front axle, was bent backward as shown in 
Figure 3, and the front guide wheel was stuck under left guide rail and contacted with left 
side wall. 

(3) The tire of the No. 1 running wheel in right side of the front axle was punctured*15. 
(4) The lower part of front left corner pillar of the underframe of the vehicle body had been 

contacted with the side wall. 
(5) The rear guide wheel in left side of the front axle had been contacted with the equipment 

frame of the underfloor equipment. 
 

Figure 3. Schematic diagram of damaged status of the guide arm of the front axle of the 
vehicle, viewed from the above. 
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The front part of the vehicle body of the vehicle tilted to left, and the gangway shifted to left 
by about 50 cm as shown in Figure 4 

 
Figure 4. Misalignment between vehicles 

 
In the gangway between 5th vehicle and the vehicle, front part of vehicle body of the vehicle 
displaced by about 50 cm to left with respect to the vehicle body of 5th vehicle. 

 
*12 "Safety wheel" is the auxiliary wheel built-in inside of tire and limits the inclination of the vehicle to 

a safe range when the inner pressure of the tire drops. When the inner pressure of the tire is normal, 
no external force is received. 

*13 "Running wheel" is the wheel that rolls on the running track surface around the axle while receiving 
the weight of the vehicle. 

*14 "Guidance steering device" is a device composed of guide wheels, guide beams, i.e., the guide arm, 
etc., and steers the running wheels along the guide rails or the branch rails. 

*15 "Puncture" in this context is the status that the air inside the tire had come off. 
 

2.3.1.3. Status of the track on which the train traveled 
After the occurrence of the accident, the company inspected the status of the track in the up 

track, between Uchijuku station and the accident site, where the train had run, and found no 
damage in the track, no foreign objects other than the damages and the fallen objects described 
in 2.4.1, and no abnormality. 

 
2.3.2. Information on the Railway Facilities 

2.3.2.1. Outline of the railway facilities 
The new transit system conforms to the urban monorail system defined in the "Law 

Concerning the Promotion of Urban Monorail Development", Law No.129, November 17, 
1972, and is classified as the "guide rail type railway" of the special railways in the "Ministerial 
Ordinance Providing for the Technological Standard for Railways", Ministerial Ordinance 
No.151, stipulated by the Ministry of Land, Infrastructure, Transport and Tourism, 2001, 
hereinafter referred to as "the Technical Standards". 

The outline of the track structure of the Ina Line is shown in Figure 5. 
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Figure 5. Outline of the track structure of the Ina Line 

 
2.3.2.2. Information on track shape, etc., in around the accident [Refer to Attached Figures 1, 3] 

The track shape in around the accident site is the 120 m radius right curve from 2,802 m to 
2,773 m, the 80 m radius left curve from 2,773 m to 2,731 m, the 120 m radius right curve from 
2,731 m to 2,702 m, the straight track from 2,702 m to 2,694 m, and the 3,723 m radius left 
curve from 2,694 m to 1,560 m including the stopped position of the train, 1,888 m. 

The gradient of the track is the 55 ‰ downgrade from 2,876 m to 2,800 m, the 4 ‰ upgrade 
from 2,800 m to 2,696 m, the 55 ‰ upgrade from 2,696 m to 2,609 m, the 4 ‰ upgrade from 
2,609 m to 2,320 m, and flat track from 2,320 m to 1,649 m. 

In addition, the installed places of the shelters near the accident site, the installed section of 
the road heaters, etc., were as shown in Figure 6, and the location of the No.32 shelter 
described in 2.1.2.2 is 2,702 m, before the road heating section and the 55 ‰ upgrade section. 

Since the road heating section is a steep slope section where grooves are notched on the 
surface, where contacted with tires, of the running track, therefore, the track shape is such that a 
heavy load is applied to the tread part of the driving wheels. 

 

 
Figure 6. Location of the shelters in the up track in around the  accident site 
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2.3.2.3. Information on the track 
As shown in Figure 7, the 150 mm × 150 mm H-shaped steel rails are installed in both sides 

of the track, and left and right guide wheels of the vehicle are guided on the flange surfaces of 
the H-shaped steel rails. The track gauge, i.e., the dimension between surfaces of the flanges of 
the guide rail, is 2,850 mm. 

In addition, the power is a three phase AC 600 V, and the vehicle collected electricity from 
the side of the vehicle body, and the contact lines are installed on the side surface of the track. 

In the center of the running track, there is the track loop line that transmits and receives the 
ATC signals, etc., to the vehicle. There are side ditches in both ends of the running track, and 
various cables for communication and signals, etc., are laid in the ditches, and troughs*16 are 
laid in the gutters near the shelters for track maintenance workers and at the connecting points 
of cable wires. 
*16 "Trough" in this context is the concrete lid that protects cables, etc. in the gutters. 
 

 
             Unit : mm 

Distance between inside surface of guide rails 
                       + 5 
From the track center 1,425  
                       - 0 

     + 10 
2,850 
     - 0 

Height of top edge of running track and guide rail    340 ± 5 

Figure 7. Shape and standard dimensions of the track 
 

2.3.2.4. Information on the surface of the running track in the track 
The concrete is used for the running track in the section where the accident had occurred. 
In the Ina Line, "reinforcement of concrete in the ruts on the running track" and "repair by 

applying resin mortar" are implemented as the measures to prevent the running wheel from 
slipping and wear. 

 
2.3.2.5. Information on the track inspections 

The inspections and repairing works on the track are implemented as the inspection using 
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the track inspection cars and the inspections and repairs on the status of running track and guide 
rails, based on the "Standards for the Implementation of Track and Civil Engineering Facilities" 
established by the company, and reported to the Director General of the Kanto District 
Transport Bureau in accordance with Article 3 of the Technical Standards. The "Standards for 
the Implementation of Track and Civil Engineering Facilities" stipulates the followings on the 
inspections using the track inspection cars. 

 
"Standards for the Implementation of Track and Civil Engineering Facilities", excerpt. 

[Periodic inspection for the track] 
Article 80 Periodic inspection of the track shall be implemented for the inspection items in the 

attached table 1-2. 
2  [Omitted] 
3 Method and standard period of the periodic inspection for the track 

(1) Inspection using the track inspection car 
Inspections using the track inspection car shall be implemented for the gauge and the 

irregularity of alignment of the guide rail, the irregularity of longitudinal level of the 
running track, etc. 

 
Among these, the latest track inspection by the track inspection car before the accident in 

around the accident site was implemented in October 2018, and there was no abnormality in the 
inspection record. In addition, there was no abnormality in the repaired records for the place 
where judged as needed repair in the inspection results, except for some unrepaired places 
described later in 2.3.2.6. 

In addition, onboard track patrols, implemented by the staffs boarding on the train, were 
conducted once every seven days, and on-foot patrols, implemented by the walking staffs, were 
conducted once every three months. 

The most recent onboard track patrol in around the accident site was conducted on January 
14, 2019, and the most recent on-foot patrol was conducted on January 8, 2019, and there was 
no abnormality in these records. 

 
2.3.2.6. Information on the places where deformation was confirmed by the track inspections 

In accordance with the Standards for the Implementation of Track and Civil Engineering 
Facilities, the company has established guidelines for the periodic track inspections to ensure 
that track inspections are conducted properly and has established the procedures to be followed 
when a defect or irregularity is judged in the track patrol. The procedure stipulates to conduct 
the detailed investigation by the extra inspections, and implemented repairs or restrictions for 
use if the situation is urgent, as a measure against "defects or deformations that may interfere 
with train operations", and to conduct monitoring and repair works as the preventive 
maintenance, if necessary, as a measure against "minor defects or deformations that do not 
interfere with train operations". 
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As a result of the most recent periodic inspection for the running track before the occurrence 
of the accident, there were several unrepaired sections judged as to be defective, but the 
company judged them as "minor defects or deformations that would not interfere with train 
operations" and had made the repair plan. 

 
2.3.3. Information on the Vehicles 

2.3.3.1. Outline of vehicle structure 
Vehicles of the Ina Line have a guiding and steering device to guide the vehicle along the 

guide rails in both sides of the track. The guide wheels of the device are in contact with the 
guide rail and rotate as the vehicle travels, transmitting the track shape to the guiding and 
steering device. As shown in Figure 8, the tie rods*17 of the device steer the left and right 
running wheels in the same angle to the direction of travel along the guide rail. 

When vehicle is traveling in a curve, the guide arm attached to the guiding and steering 
device swings together with the running wheels using the king pin*18 as a fulcrum. 

The running wheel is composed of a tire, a safety wheel and an aluminum wheel, hereinafter 
referred to as "the wheel", and a rubber rim band is sandwiched between the safety wheel and 
the wheel as a buffer material. 
*17 "Tie rod" is a component that connects the left and right guide wheels and transmits the movement 

of the guide wheels that move left and right along the guide rail to the guiding and steering device. 
*18 "Kingpin" is an axis inclined with respect to the vertical line for changing the direction of the 

running wheels by turning, and the inclination angle with respect to the vertical line is called 
as the "kingpin inclination angle". 
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Figure 8. Outline of the vehicle and the running wheels 
 

2.3.3.2. Outline of the driving device of the vehicle 
The running device of the vehicle is the four wheeled structure composed of two unit bogies 

having two running wheels in one axle each, and the bogies are fixed to the vehicle body. The 
running wheels are fixed to the guide arm of the guiding and steering device, and a four-wheel 
steering*19 system is adopted in which the running wheels in both sides are steered 
simultaneously when the guide wheel or the branch wheels*20 are guided along the guide rails. 
Figure 9 shows the outline of the driving device, i.e., the driving axle, of the vehicle. 

As a side note, the height of the top edge of the guide wheel for the new tire in the empty 
vehicle condition is designed to be 306 mm above the surface of the running track. 
*19 "Steering" in this context is a steering device for arbitrarily changing the lateral direction of a 

traveling train or vehicle. 
*20 "Branch wheel" is a wheel guided by a turnout and guiding a vehicle in a traveling direction along 

a guide rail of the turnout. 
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Figure 9. Outline of the driving device, i.e., driving axle, of the vehicle 

 
2.3.3.3. Outline of the Vehicles 

Table 4 shows the outline of formation of the train. The major specifications of the vehicle are 
as follows. 

Vehicle category   AC electric railcar, 50Hz, 600V 
Vehicle type   The 2000 series 
Number of vehicles in trainset 6 vehicles 
Capacity of trainset  267 persons, seated capacity is 111 persons 
Length of trainset  48.0 m 
Tare of vehicle   11.8 t*21 in case of the vehicle 
Distance between centers of left & right running wheels, gauge 1,650 mm 

*21 [Unit conversion] 1t = 1,000kg (weight), 1kg (weight) = 1kgf, 1kgf = 9.8N 
 

Table 4. Outline of the formation of the train, i.e., the 06 trainset 

Symbol number 2106 
[1st vehicle] 

2206 
[2nd vehicle] 

2306 
[3rd vehicle] 

2406 
[4th vehicle] 

2506 
[5th vehicle] 

2606, 
[ vehicle] 

Tare (t) 11.8 11.0 11.1 11.1 11.0 11.8 
Capacity / Seated 
capacity [persons] 38 / 12 48 / 22 48 / 22 48 / 22 47 / 21 38 / 12 

 
2.3.3.4. Vehicle inspection, etc. 

The inspection, etc., of the vehicles of the train is conducted in accordance with the 
"Implementing Standards of Vehicle Maintenance, Saitama New Urban Transit Co., Ltd.", 
hereinafter referred to as "the Vehicle Implementing Standards", which the company 
established based on Article 3 of the Technical Standards and reported to the Director General 
of the Kanto District Transport Bureau. 

The implemented dates of the inspection of the vehicles of the train are as follows, and no 
abnormality was found in these inspection records. 

Newly manufactured  December 3, 2013 
Critical parts inspection*22 September 27, 2017 
Monthly inspection*23  November 20, 2018 
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Train inspection*24  January 14, 2019 
In addition, the company measures the height of the bottom surface of end beam, i.e., height 

of bottom surface of the end edge, in four corners of the underframe of the vehicle body in the 
periodic inspections and the extra inspection according to the necessity, and according to the 
most recent inspection records, the limit standard values were met. 
*22 "Critical parts inspection" corresponds to the "Critical parts inspection" in the "Notification 

regarding periodic inspection of facilities and vehicles", December 25, 2001, Ministry of Land, 
Infrastructure, Transport and Tourism Notification No.1786, hereinafter referred to as "the 
Inspection Notification", and should implemented every period not exceeding 4 years. 

*23 "Monthly inspection" corresponds to the "condition and functional inspection" of the inspection 
notification and should be implemented every period not exceeding 3 months. 

*24 "Train inspection" corresponds to the "train inspection” in the technical standard and should 
be implemented by the railway operator by setting the inspection time and contents. The 
company has stipulated that it should be implemented within 10 days, and actually it is 
implemented every 8 days. 

 
2.3.3.5. Information on the bogies 

All vehicles in the train are electric vehicles, and as shown in Figure 10, one of the two 
axles in each vehicle is the driving axle. The front axle of the vehicle is the driving axle. Each 
vehicle has one traction motor installed in under floor of the vehicle body, and the power of the 
traction motor is transmitted to the driving axle through the propeller shaft and differential gear 
device. 

 

 

Figure 10. Layout of driving axle, trailing axle, and guide wheels of the train 
 

The structure of the bogie was that a suspension device is fixed on the wheel axle, and the 
bogie frame is covered via the air spring, and the bogie frame is fixed to the underframe of 
the vehicle body. 

 
2.3.3.6. Information on the running wheel, i.e., tire and safety wheel 

At the time of the accident, the company was using tires made by the company that 
manufactured the tire, hereinafter referred to as "the tire maker", in only one trainset among 
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total 14 trainset, and only 5 vehicles, from the 2nd vehicle to the vehicle of the trainset, among 
the total 84 vehicles. In addition, the safety wheels are manufactured by the tire manufacturer, 
and it is prescribed to use the tires and the safety wheels manufactured in the same tire maker. 
As a side note, the tires made by the same tire maker were used in one trainset fundamentally, 
considering the management and performance, etc., however, there is no problem in using tires 
made by the other makers in the same trainset, the same vehicle, as far as the tires meet the 
specifications. 

The specifications of the tire and the safety wheel of the vehicle are as follows. 
(1) Basic structure of tire 

Figure 11 shows the basic structure, name, function, and dimensions of the tire of the 
vehicle. In Figure 11, the belt, i.e., the steel belt, and the carcass are formed by the cords 
obtained by twisting element wires such as the metal wires, etc., and the steel cords are 
used for the tire of the  vehicle. As a side note, major dimensions in Figure 11 show the 
values for no load, i.e., when no load is applied. 

 

 
Figure 11. Basic structure, name, function, and dimensions of the tire of the vehicle 

 
The specifications of the tires are the same as those generally used in trucks and buses, 

etc. According to the tire maker, the maximum inner pressure of the tires used in the 
vehicles of the company is 1,050 kPa, which is relatively higher than that for trucks and 
busses, therefore the design strength of the carcass, belt, and bead has been increased. 

(2) Tire tread pattern 
Generally, the tread part of a tire has longitudinal grooves, i.e., main grooves, and lateral 
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grooves, i.e., auxiliary grooves, on its surface in order to prevent slipping on wet surface of 
the running track. The shape of these grooves is called as the tread pattern, and the pattern 
varies depending on the tire makers and the intended use of the tire. 

(3) Worn limit indicator, i.e., slip sign 
As shown in Figure 12, automobile tires have several slip signs, which are the areas of 

rubber with a 1.6 mm rise at the bottom of the grooves, as a guide to the worn limit that 
can be used. There are the cases that the tires having slip signs are used in the new transit 
systems, but the tires of the vehicle did not have slip signs. 

 

 
* From the Japan Automobile Tyre Manufacturers Association Inc., (JATMA) "Selection, Use and 

Maintenance Standards for Automobile Tires 2018" 
Figure 12. Slip sign and position of the slip signs 

 
(4) Structure of the safety wheel, i.e., the aluminum supporter 

The structure of the safety wheel of the vehicle is, as shown in Figure 13, that three 
pieces of 120° angle parts, i.e., piece A, piece B, and piece C, are combined to form one set. 

 
Figure 13. Structure of the safety wheel 

 
(5) Information on newly manufacturing and positional relation of tires and safety wheel 

The status of newly manufacturing of the tires and the safety wheels for the running 
wheels of the vehicle were as follows. 
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- No. 1 tire   Manufactured on January 8, 2017 
- No. 2 tire  Manufactured on January 9, 2017 
- No. 1 safety wheel Manufactured in 2011 
- No. 2 safety wheel Manufactured in 2011 

Table 5 shows the common specifications of the tires used in the vehicles of the same 
type as the trainset. 

 
Table 5. Common specifications of the tires of the trainset. 

The punctured column is the status that tires are supported by safety wheels 
Specification items Specification 

Tire category Safety wheel type pneumatic tire 
Tire type, "cross-section width"/"flatness ratio", "rim diameter" 315/70 R20 

Wheel size, "rim diameter" x "rim width" 20 x 8.50 in 

Dimensions for no load 
Outer diameter reference value 940 mm 
Maximum total width 326 mm 
Maximum tread width 256 mm 

Dimensions 
for the static 
load 

Normal air 
pressure 

Radius for static 
load* 

Empty vehicle 445 ±2.5 mm / 2,750 kg 
Fully loaded 431 ±2.5 mm / 4,500 kg 

Empty difference 14 mm or less 

When worn Radius for Static 
load * 

Empty vehicle 435 ±2.5 mm / 2,750 kg 
Fully loaded 421 ±2.5 mm / 4,500 kg 

When 
punctured 

Decreased radius 
when static load 

Empty vehicle 30 mm or less 
Fully loaded 16 mm or less 

Weight, including rim 120.5 kg or less 

* The allowable error of radius for static load for the tire of the vehicle is "± 3.0 mm". 

 
 
2.4. Information on Damages and Traces in the Railway Facilities and the Vehicles, etc. 

2.4.1. Information on Damages and Traces of the Railway Facilities    [Refer to Attached Figure 5] 
Figure 14 shows the places of the major damages of track and the fallen off parts confirmed 

after the accident, and the summary of their situation as follows. 
 

 
Figure 14. Places of major damages of the track and the fallen off parts  
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(1) There was the trace of adhered oil on left side guide rail in around 2,689 m, as shown in 

Figure 15. 

 
Figure 15. Traces of oil adhered to the guide rail 

 
(2) A missing part of the mudguard rubber of the running wheel No. 2 of the vehicle, 

described later in 2.4.2.2 (3), had fallen on left side guide rail in around 2,531 m. 
(3) There were traces of rubbing rubber caused by the tire tread on the cover covering the 

track loop cables in around 2,471 m, as shown in Figure 16, and there was a large broken 
piece of tire tread in the track center in around 2,470 m, about 1 m ahead of the cover. 

 

 
Figure 16. Traces of tire tread on the cover covering the track loop cables 

 
(4) From around 2,397 m to around 2,109 m, there were traces on the flange surface of left 

side guide rail in about 20 places considered as caused by the strong impact of the guide 
wheel. 

(5) From around 2,052 m, left side trough was damaged and there was debris in the gutter. 
(6) At around 2,045 m, there was a black linear trace approaching to leftward, considered as 

caused when the running wheel deviated from the running track, as shown in Figure 17. 
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Figure 17. Condition of the running track and guide rail tightening device 

 
(7) The tightening devices of left guide rail were damaged in 51 places in the section from 

around 2,045 m to around 1,945 m, and scratched traces continued in the side wall at about 
the same height as the damaged place. 

(8) The ATC/TD matching device and the block signal sign marker installed on the top of left 
side wall were damaged and fell into the parking lot under the elevated track at around 
2,000 m, as shown in Figure 18. There were the hit traces and distortions considered as 
caused by the impact of the vehicle body, on the upper part of the housing of the 
matching device on the front side of the train as seen from the direction of travel. 

 

 
Figure 18. Fallen ATC/TD matching device and block signal sign 

 
(9) There were the scratched traces on the upper edge of left side wall of the viaduct from 

around 1,943 m to the place where the  vehicle stopped. 
 

As a side note, as for the damaged status of the lower part of the tightening device of the 



24 

guide rail, there were scratched traces on the mounting bolts of the tightening device from 2,045 
m to 1,950 m, and there were mixture of areas where the tightening device had fallen off and 
areas where it had not fallen off. However, the tightening device in the area ahead from around 
1,950 m had not fallen off, and as shown in right figure of Figure 17, the bending of the bolts in 
lower part of the tightening device continued until to the stopped point of the vehicle, at around 
1,930 m where the running wheel No.2 had stopped 

In addition, when the ground beneath the viaduct of the up track was checked from the 
position where the tire damage occurred to the position where the train stopped, it was found that 
some broken pieces of the safety wheel considered as caused by the accident, in around 2,100 m, 
where in the premises of the intersecting Kawagoe Line of the East Japan Railway Company, JR 
East, and the parking lot in around 1,980 m, i.e., parking lot. 

 
2.4.2. Information on Damages and Traces, etc., of the Vehicles 

2.4.2.1. Damages and traces, etc., of the running wheels of each vehicle of the train 
(1) The vehicle 

(i) Status of damages and traces, etc., of the tires  [Refer to Attached Figures 6, 7] 
a. Tire No.1         [Refer to Attached Figure 6] 

- In the tread area, there were areas where the remaining grooves in the main groove 
had disappeared due to wear, hereinafter referred to as "completely worn", and 
there was uneven wear*25 on both left and right sides, and on one side. 

-There was one penetrating flaw, sized about 100 mm × 40 mm, that reached from 
the tread to the inner surface of the tire, and linear trace*26 were observed on the 
cross section of the rubber layer in the damaged area. 

- There was a half elliptically damaged trace in around the damaged part of the inner 
liner of the inside surface of the tire. 

b. Tire No.2         [Refer to Attached Figure 7] 
-There were some completely worn places, and the place where the steel belt was 

exposed in the tread part. 
-The damage was more pronounced in the tread part than in the side part. The inside 

surface of the tread was damaged almost all circumference, and a part of tread part 
had a crown-like opening as if it had been sandwiched from both sides. 

- The rubber layer of the tread part was torn, the steel belt and carcass cords were 
broken, and the element wires were cut, and there were damages as exfoliation, etc., 
in the tread part. 

- The part where the tread was largely exfoliated was separated near the shoulder part, 
and the steel belt cord was broken at both ends in the longitudinal direction. 

- On the inner surface of the tire, the stripe pattern in some portions of the inner liner 
had disappeared and was no longer visible. 

- The rim band attached to the wheel was broken into plural pieces, and the stripe 
pattern of the inner liner, which was considered as caused by the crimping of the 
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bead part in the inside surface of the tire, was transcribed to the rim band. 
c. Tire No.3 

As some uneven wear was observed near the boundary between the tread part and 
the shoulder, but there was no noticeable damage. 

d. Tire No.4 
As shown in Figure 19, there was about 47 mm long flaw in the longitudinal 

direction in the innermost rib mountain row, in one place in the tread part. 
*25 "Uneven wear" in this context is the status in which the ground contact surface of the tread 

part of the tire is locally worn or partly reduced in the circumference. 
*26 "Linear trace" in this context is the trace of the fracture surface of the rubber layer that is 

seen when the tire is injured. 
 

 
Figure 19. Damaged status of the No. 4 tire of the  vehicle 

 
(ii) Damaged status of the safety wheel      [Refer to Attached Figure 8] 

a. Safety wheel No.1 
As shown in Figure 20, a part of the safety wheel was missed, and there were 

fragments of the safety wheel inside the tire. When the missed portion of the safety 
wheel and the fragments found inside were combined, they matched in shape. There 
were no abnormalities other than the missing part. 
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Figure 20. Damaged status of the safety wheel No.1 
 

b. Safety wheel No.2 
The safety wheel was damaged and broken, the large broken piece was about 

300 mm and the small piece was a few mm. As for the fastened status of the bolts 
and nuts fixed each piece, the fastening force was checked with a torque wrench, and 
confirmed that all the bolts and nuts were tightened in the specified torque value, 
except for the parts that could not be measured due to distortion or falling of the 
fastening parts. 

There was no abnormality in the other safety wheels of the vehicle. 
 

(iii) Damaged status, etc., of the wheels      [Refer to Attached Figure 9] 
a. Wheel No.1 

There was no remarkable damage in the entire circumference of the wheel, 
including the seal ring, and when a normal tire was mounted on the wheel and air 
leakage was checked, no leakage was found. 

b. Wheel No.2 
There were plural portions of damage and dents on the circumferential surface 

around the center of the rim, especially concentrated around the 'air valve in the rim 
of the wheel', hereinafter referred to as "the rim valve". The dents were about 2.9 
mm maximum in some places, and the rim valve was distorted by about 0.05 mm. 

There were no noticeable flaws on the rim flange, but there were some black 
adhesions caused by the rubbed tire rubber. 

When a normal tire was mounted on the wheel and air leakage was checked, air 
leakage from the rim valve mounting area was so severe that a leaking sound could 
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be heard as soon as compressed air was applied, but there was no abnormality in the 
accessory parts such as O-rings. 

There was no abnormality in the other wheels of the vehicle. 
 

(2) Other vehicles        [Refer to Attached Figure 10] 
(i) 1st vehicle 

There were no noticeable abnormalities or damage. 
(ii) 2nd vehicle 

The No.1 and No.4 tires had completely worn part in the fourth main groove from 
the outside. 

Tire No.3 had completely worn part in the first, third, and fourth main grooves from 
the outside, and near the fourth main groove, up to the third layer of the four-layer steel 
belts were exposed, and the top two layers were worn away. 

(iii) 3rd vehicle 
All tires from No.1 to No.4 had completely worn part in the fourth main groove from 

the outside, and the No.3 tire also had completely worn part in the first main groove 
from the outside. In addition, uneven wear was observed locally on the No.1 tire, and 
completely worn part on the No. 4 tire appeared to have a main groove remaining. 

(iv) 4th vehicle 
There was the completely worn part in the fourth main groove from the outside of the 

No.3 tire, and there was a flaw of about 20 mm in the longitudinal direction. 
(v) 5th vehicle 

There were completely worn parts on the fourth main groove from the outside of 
No.3 tire and No.4 tire. The No.3 tire also had completely worn part in the first main 
groove from the outside, and it appeared that the main groove was still intact. 

 
2.4.2.2. Status of damages and traces, etc., of the front axle, driving axle, side bogie of the 

vehicle        [Refer to Attached Figures 11 to 13] 
The overhaul of the front axle, driving axle, side bogie of the vehicle was conducted in 

April 2019, and damage and traces caused by the accident were found in around the guiding 
and steering device and the circumference of the damaged tire, but there was no abnormality in 
the axle hub, kingpin, or other bogie attachment parts. The status of the damages and the traces 
were as follows. 

(1) Status of damages and traces of the guide arm 
(i) No.2 guide arm, damaged tire side 

The front part of the arm was bent and damaged by the impact of the accident, and 
the arm was cut in the middle, therefore, status was checked in the cut status. 

a. Axle side mounting part 
The flatness of the mounting part of the guide arm was measured at the axle side 

knuckle*27 mounting part and the rear side guide wheel assembly mounting plate. All 
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measured areas exceeded the standard values, and the rear guide wheel mounting area 
was distorted backward. The cut surface of the front side arm was in the status as a 
vertical ellipse. 

In addition, as shown in Figure 21, rust was observed in the lower two of the four 
bolt holes, i.e., two on the upper side and two on the lower side, of the guide arm 
mounting bolts, and when the four mounting bolts were removed from the knuckle, it 
was found that they were attached with a fastening force lower than the specified 
torque value. In addition, rust was observed on the threaded part and part of the 
cylindrical part of the mounting bolts, but there was no elongation or damage. 

*27 "Knuckle" in this context is a portion that supports the wheels, suspends the vehicle body, and 
changes the direction of the running wheels by the guide arm. 

 

 
Figure 21. Status of the knuckle mounting part of the guide arm 

 
b. the guide wheel mounting part 

In the mounting part of the No.2 guide wheel, most of the paint had peeled off on 
the surface of the arm, mounting plate, and rod support which is the mounting area 
for the tie rod, and rustproof paint, colored orange, was exposed. The mounting plate 
of the No.4 guide wheel had a crack in the welded part between the arm and the 
mounting plate, and the mounting plate was slightly distorted, as shown in Figure 22. 

 

 
Figure 22. Damaged status of the guide wheel mounting part 

 
(ii) No. 1 guide arm, punctured tire side 
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There were several cracks in around the welded end edge of the rod support at the 
attachment point of the No.1 guide wheel. 

(iii) Tie rod 
The tie rod connecting the guide arms No.1 and No.2 was cut at the No.2 guide arm 

side for the recovery works after the accident, but there was no abnormality other than 
the cut part. 

(2) Damaged status of the guide wheel 
(i) No.2 guide wheel 

-The buffer rubber mounting part of the pedestal, which is the mounting surface for the 
guide arm, was bent to right and damaged. 

- On the front side surface of the guide wheel support, there were many scratched 
traces as if it had been rubbed hard against a rough surface, and on the rear side 
surface, the area around the buffer rubber was blackened and the buffer rubber 
looked as if it had been crushed. 

-The lid that protects the bearing on the upper surface of the guide wheel had the 
circular scratched traces on the top. 

- Scratched traces were found on the branch wheels. 
(ii) No.4 guide wheel 

-The buffer rubber mounting part of the pedestal, which is the mounting surface for the 
guide arm, was bent to left and damaged. 

-The buffer rubbers had been removed from the pedestal, which was fixed with two 
buffer rubbers, and rotated about 180° with the mounting pin as the fulcrum and 
was in contact with the guide wheel. There was no gap between the two buffer 
rubbers. 

-There were some sharp scratched traces on the upper cover of the guide wheel. 
- There were the scratched traces on the branch wheels. 

(3) Status of circumference, in circumferential direction, of the running wheel No.2 
Circumference in the direction of rotation of the damaged tire No.2, the mudguard of the 

running wheel was distorted, and part of the mudguard rubber was missing. 
 

2.4.2.3. Damaged status of parts other than the front axle, driving axle, side bogie of the vehicle 
As shown in Figure 23, there were hit traces and dents as if it had been subjected to a 

strong impact at the bottom of the left front corner pillar, on the underframe of vehicle body 
of the vehicle, and the scratched traces in its underneath. 

In addition, the under-floor equipment frame had damage and traces considered as caused by 
the accident, but there was no abnormality in any other parts of the vehicle body, including the 
rear axle, trailing axle, side bogie, etc. 
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Figure 23. Damaged status of underfloor of vehicle body and underframe of vehicle body 

 
2.5. Information on Maintenance Management, etc., of the Running Wheels 

2.5.1. Information on the Management of Tires 
According to the Vehicle Implementing Standards of the company, the maintenance and 

management are prescribed as to conduct as follows in the train inspection, the monthly 
inspection, and the critical parts inspection. 

 
"Implementing Standards of Vehicle Maintenance of Saitama New Urban Transit Co., Ltd." 
[excerpt] 

Attached Table 1: Maintenance standards for train inspection 
Classification Train inspection 

Bogie 3. Inspect the mounting condition and the contact length of the running 
wheels. 

 
Attached Table 2: Maintenance standards for monthly inspection 

Classification Monthly inspection Inspection 
methods 

Bogie Running 
wheel 

1. Inspect uneven wear, abnormal deformation, 
foreign matter intervention, cracks and damages 
of tires. 

2. Inspect worn status and inner pressure of tires. 

Measurement 

Attached Table 3: Maintenance standards for critical parts inspection 

Classification Critical parts inspection Inspection 
methods 

bogie Running 
wheel 

1. Inspect uneven wear, abnormal deformation, 
foreign matter intervention, cracks and damages 
of tires. 

2. Inspect cracks, damage, and mounting status of 
wheels, side rings and lock rings. 

3. Inspect worn status and inner pressure of tires. 

Measurement 

 

In addition, the company's internal rule "Vehicle Maintenance Guidelines" stipulate the 
inspection of the running wheel in the monthly inspection and the train inspection of the 2000 
series vehicles, as follows. 

The method of inspecting the running wheels in the train inspection is the visual inspection, 
and the worn status of the tread part of the tire is not included in the inspection items. 
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"Vehicle Maintenance Guidelines" [excerpt] 
Procedures of monthly inspection and maintenance 

Classification Inspection item Inspection 
methods 

Inspection procedure 
or procedure Limit or standard 

bogie / 
Running 
wheel 

1 Uneven wear, 
abnormal 
deformation, 
foreign matter 
intervention, 
crack, damage 
of tire. 

Visually & 
hammering 
test 

1 Existence of 
uneven wear, 
abnormal 
deformation, 
foreign matter 
intervention, 
cracks, and 
damage of the tire 

 

2 Wear of tire Visually & 
measurement 

2 Check wear and 
worn limits of tire 

Tire worn limit is 5 
mm 

3 Check the 
inner pressure 
of tire 

Measurement 3 Check the inner 
pressure of the tire 

Tire inner pressure 
should conform to 
the managing table 
of inner pressure for 
each series 
(Hereafter omitted) 

Procedures of train inspection and maintenance 

Classification Inspection 
item 

Inspection 
methods 

Inspection procedure or 
procedure Limit or standard 

bogie 3. Mounting 
status and 
contacting 
length of the 
running wheel 

Visually 5 Existence of crack 
and damage, goodness 
of mounted status and 
tire contact length of 
the running wheels 

<Reference value> 
Tire contact length for 
the 2000 series is 310 
mm or less. 
* The ground contact 
length is calculated 
from static load radius 
shown in the drawing. 

 
In addition to the above maintenance standards and guidelines, the company also manages 

tires by inspecting the condition of the main grooves in the tread part and the inner pressure of 
the tires, and decides a long-term plan for tire replacement. 

 
2.5.1.1. Management of tread part of the tires       [Refer to Attached Figures 14, 15] 

(1) Tire inspection 
Tire treads are judged to be good or bad by the following methods at the time of monthly 

inspection, critical parts inspection, general inspections, "tire rotation to exchange the 
driving axle tire and the trailing axle tire, hereinafter referred to as "the rotation", and extra 
inspections when necessary. 

(i) Among total four main grooves in the tread, measure the depth of the shallowest part 
in the second main groove from outside of the vehicle, and the tire should be replaced 
if the measured result was 5 mm or less. 

(ii) If any one of the total four main grooves on the tread part is completely worn, the tire 
should be replaced. In addition, the tire should be replaced at the time of extra 
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inspection if necessary. 
According to the company, when managing the data on the worn amount per running 

distance for the above (i), the company measures the second main groove from outside of 
the vehicle, based on the recognition that, in the absence of abnormalities such as uneven 
wear, there is no significant difference in the worn amount in four grooves, but that the wear 
rate in the center grooves, i.e., the second and the third grooves from outside of the vehicle, 
in particular is stable with the least variation. Among the four main grooves in all vehicles, 
the grooves at both ends, i.e., the first and the fourth grooves from outside of the vehicle, 
are particularly prone to wear. 

As a side note, in the monthly inspection, the tires were inspected while they were 
mounted on the train, and although the status of the contacted surface of the tires could not 
be checked while they were parking, the entire circumference of the tires was not inspected. 

(2) Status of management of the tread part of the tire of the trainset 
According to the company, the depth of the main grooves in tread part is measured at the 

time of the periodic inspections, i.e., the tire replacement, the general inspection, the critical 
parts inspection, and the monthly inspection, at the time of the rotation, at the time of the 
changeover inner pressure of tiles between winter and summer as described in 2.5.1.2, and, 
at the time of the extra inspections if necessary. When used tires are used, the dimensions of 
the main grooves of the tires to be installed are measured before exchanging. 

The all 24 tires of the trainset were exchanged to the new tires made by the tire maker on 
June 14, 2017. After that, the rotation was conducted on May 9, 2018. The tires and safety 
wheels were removed from the wheels when the tires were replaced in the general inspection 
and the critical parts inspection, but they were not removed from the wheel in other 
inspections including the rotation, because the tire and safety wheel are replaced together 
with the wheel basically. 

The depth of the main grooves in the tread part was measured in the monthly inspection 
on November 20, 2018, and according to the inspection record, the measured values met the 
standard value prescribed by the company. As a side note, on September 3, 2018, the two 
tires, i.e., tires No. 1 and No.2, of the first vehicle were replaced due to wear in the tread part, 
and the tires attached at that time were the used tires made by another tire maker that the 
company has been used, hereinafter referred to as "the tire maker A, whose main groove 
depth had been exceeded 5 mm. The company had inspected the used tires and confirmed 
that it met the standard depth of the main grooves and had not experienced any problems. 

In addition, the condition of the tires was checked in the extra inspection on January 7, 
2019, responded to the report from a crew member that there was an unusual noise when the 
trainset was running, and a total four tires, i.e., tires No.3 and No.4 in the 1st vehicle, tire 
No.2 in the 3rd vehicle, and tire No.3 in the 4th vehicle, were replaced because it was found 
that the steel belts in the tread art had been exposed. The tires attached at that time were the 
used tires with a main groove depth of more than 5 mm, two of them, i.e., tires No.3 and 
No.4 of the 1st vehicle, were made by the tire maker A. As a side note, in this extra 
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inspection, the depth of the main grooves of the tires was not measured, and only tires with 
exposed steel belts confirmed by visual inspection were replaced. 

(3) Worn status of the tire tread of the trainset 
Table 6 shows the changes of the depth of the main grooves of the driving axle tires from 

the time when all tires in the trainset were replaced with new tires until the occurrence of the 
accident. The tires No.1 and No.2 of the vehicle were used as the tires No.3 and No.4, 
respectively, until the rotation was implemented on May 9, 2018. 

 
Table 6. Changes of the main groove depth of the driving axle tires of the trainset 

Category of 
inspection Date 

Dist, after 
exch. 
[km] 

Portion of tire, unit of the worn amount is [mm] 
1st vehicle 2nd vehicle 3rd vehicle 4th vehicle 5th vehicle 6th vehicle 

No.3 No.4 No.3 No.4 No.3 No.4 No.3 No.4 No.3 No.4 No.1 No.2 
Newly exch. Jun. 14, '17  16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 

Monthly Jun. 20, '17 1,491 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 
Critical parts Sep. 27, '17 9,389 13.8 14.4 14.2 14.6 14.1 14.5 14.4 14.7 14.7 14.8 14.9 14.3 

Monthly Dec. 14, '17 29,980 12.0 12.6 12.3 12.9 12.4 12.9 13.0 13.6 13.0 13.3 13.1 12.7 
Monthly Mar. 9, '18 51,874 8.0 9.7 9.6 10.2 10.0 11.0 10.6 11.5 10.0 10.6 10.8 10.0 

Rotation 
# 

Front May 9, '18 67.486 6.6 7.9 7.8 8.2 8.7 9.7 7.6 10.9 7.9 8.7 9.3 7.7 
Rear  15.5 14.8 15.5 15.7 15.7 15.6 15.7 15.6 15.7 15.6 15.2 15.6 

Monthly Jun. 5, '18 75,374 13.7 14.1 14.6 14.2 14.5 14.3 14.6 14.7 14.8 14.7 14.3 14.2 
Monthly Aug. 28, '18 102,243 9.0 9.7 10.0 11.0 10.9 11.2 10.7 11.5 10.4 11.0 10.5 10.6 
Monthly Nov. 20, '18 127,929 5.8 7.0 6.6 9.1 7.7 8.7 8.8 9.4 7.2 7.0 7.4 7.8 
# Extra Jan. 7, '19 - 10.3 8.2 - - - - - - 6.2 - - - 

The accident Jan. 16, '19 145,523 # Rotated between No.1 and 3, between No.2 and 4, respectively, in each vehicle. 
# Only the replaced parts were measured in the extra inspection.      Punctured  Broken To be exchanged Feb. 8, '19  

 
As for the worn status of tread part of each tire in the trainset, Table 7 shows the worn 

amount of the driving axle tires based on the measured depth of the main grooves of the tires 
of the train, descried in Table 6, and the distance traveled between each inspection. 

Since the driving axle wears more easily than the trailing axle and the average worn 
amount differs greatly, all the worn amount per 1,000 km of running distance between each 
inspection are set as the average values of the driving axle tires. 

The worn amount per 1,000 km running distance of the vehicle was about 0.111 mm for 
the tire No.2 and about 0.100 mm for the tire No.1, which were almost the same as the worn 
amount for the tires of the other vehicles in the train, which was about 0.078 mm to 0.131 
mm. 
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Table 7 Worn amount on the tread of driving axle tires of the trainset 

Category of 
inspection Date Dist, after 

exch. [km] 

Portion of tire, unit of the worn amount is [mm] Ave. worn [mm] 
1st vehicle 2nd vehicle 3rd vehicle 4th vehicle 5th vehicle 6th vehicle Ave. 

trainset 
Per 1,000 m 
btwn. insp No.3 No.4 No.3 No.4 No.3 No.4 No.3 No.4 No.3 No.4 No.1 No.2 

Monthly Jun 20, '17  1,491 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.201 
Critical parts Sep 27,'17  7,898 1.9 1.3 1.5 1.1 1.6 1.2 1.3 1.0 1.0 0.9 0.8 1.4 1.3 0.158 

Monthly Dec 14, '17 20,591 1.8 1.8 1.9 1.7 1.7 1.6 1.4 1.1 1.7 1.5 1.8 1.6 1.6 0.079 
Monthly Mar 9, '18 21,894 4.0 2.9 2.7 2.7 2.4 1.9 2.4 2.1 3.0 2.7 2.3 2.7 2.7 0.121 
Rotation May 9, '18 15,612 1.4 1.8 1.8 2.0 1.3 1.3 3.0 0.6 2.1 1.9 1.5 2.3 1.8 0.112 
Monthly Jun 5, '18  7,888 1.8 0.7 0.9 1.5 1.2 1.3 1.1 0.9 0.9 0.9 0.9 1.4 1.1 0.143 
Monthly Aug 28, '18 26,869 4.7 4.4 4.6 3.2 3.6 3.1 3.9 3.2 4.4 3.7 3.8 3.6 3.9 0.143 
Monthly Nov 20, '18 24,686 3.2 2.7 3.4 1.9 3.2 2.5 1.9 2.1 3.2 4.0 3.1 2.8 2.8 0.110 
Ave. worn per 1,000 km 

in each part [mm] 
Accumulated 

145,523 0.131 0.109 0.118 0.099 0.105 0.091 0.105 0.078 0.114 0.109 0.100 0.111   

 
(4) Status of tire treads of other trainset in the company 

After the occurrence of the accident, the company conducted an urgent inspection of the 
main groove in the tread and the worn status of all tires of all trains owned by the company, 
and there were no abnormalities in the inspection records. 

 
2.5.1.2. Management of the inner pressure of the tires 

Since the inner pressure of tires changes as the outside temperature changes, the company 
manages the inner pressure of tires separately for winter, i.e., October to March, and summer, 
i.e., April to September. The inner pressure of tires are measured in the maintenance to transfer 
the inner pressure for winter and summer implemented twice a year, i.e., April and October, in 
the periodic inspections such as the monthly inspections, the critical parts inspections, the 
general inspections, and in the extra inspections such as tire replacement and the rotation. 

Table 8 shows the managed values of the inner pressure of the 2000 series tires, used in the 
trainset. The most recent measurement for the trainset was implemented in the monthly 
inspection on November 20, 2018, and the measured value for the vehicle at that time was 
1,010 kPa for all tires from No.1 to No.4, the outside temperature at the time of the inspection 
was 14 °C, which are within the range of the managed value in winter, 989 kPa to 1,029 kPa. 
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Table 8. Managing values for inner pressure of the tires for the 2000 series vehicles, 
numbers in the parentheses are the reference values. 

Open air 
temperature [℃] 

Tire inner pressure ±20 [kPa] Open air 
temperature [℃] 

Tire inner pressure ±20 [kPa] 
Winter Summer Winter Summer 

-10 931 (882) 14 1,009 960 
-8 941 (892) 16 1,019 970 
-6 941 (892) 18 1,019 970 
-4 951 (902) 20 1,029 980 
-2 960 (911) 22 (1,039) 980 
0 960 (911) 24 (1,039) 990 
2 970 (921) 26 (1,049) 1,000 
4 980 (931) 28 (1,058) 1,009 
6 980 931 30 (1,058) 1,009 
8 990 941 32 (1,068) 1,019 

10 1,000 951 34 (1,068) 1,029 
12 1,000 951 36 (1,078) 1,029 

 
According to the company, the tire will be replaced if it is punctured or if the inner pressure 

of the tire is extremely low, but there is no record of replacement except when a tire defect 
occurs as described later in 2.5.3, and the standard value of the inner pressure to be replaced is 
not determined in the company's regulations, and the company used as a reference for 
replacement that "used in the inner pressure of 690 kPa or less" described in the vehicle 
manufacturer's instruction manual. 

 
2.5.1.3. Status of tire replacement based on the long-term plan 

As described in 2.5.1, the company has established a long-term plan for tire replacement 
timing and replaces all tires for each train. Specifically, the scheduled dates for tire replacement 
and the rotation are incorporated into the periodic vehicle inspection plan, annual plan, which 
plans the scheduled dates for the general inspection, the critical parts inspection, and monthly 
inspections for each fiscal year, considering the inspection cycle and running distance, etc., of 
each train. 

According to the annual schedule for FY 2018, the rotation of the trainset was carried out as 
planned on May 9, 2018, and all tires were scheduled to be replaced with new ones on February 
8, 2019, 23 days after the occurrence of the accident. 

In addition, according to the company, only one, i.e., the trainset, in the total 14 trainset 
owned by the company, had tires made by the tire maker, and the company did not have enough 
stock of tires made by the tire maker. 

 
2.5.2. Status of the Inspection of the Safety Wheels 

According to the company, the safety wheels are visually inspected for the existence of flaws 
and damages when tires are removed from the wheels in the tire replacement, the critical parts 
inspections, and general inspections. Prior to the accident, the inspection was conducted in the 
critical parts inspection in September 2017, and the inspection results showed no abnormalities. 
As a side note, the replacement timing of the safety wheel is not managed according to age or 
running distance, and there is no specific rule. 
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2.5.3. Information on the Defects of Tires Occurred in the Past 

Table 9 shows the status of tire defects that have occurred in the company in the past. 
In the case (i), the driver reported the noise of air leakage, and an onboard inspection found 

the vehicle body tilted, and confirmed the abnormality. 
In the case (ii), the driver sensed an abnormal noise while driving and the fellow driver 

checked the guide wheel from the driver's cab but found no abnormality, so the train continued 
operation. When the train entered the station, an impact was detected in around the turnout and 
the bogie of the vehicle was vibrating. Therefore, after arrived at the station, the underside of the 
vehicle was visually inspected, but no abnormality was found. Therefore, the train departed from 
the station, and when the rear of the train was checked after departure, the running wheels of the 
vehicle were rattling vertically, so it stopped immediately, and an abnormality was confirmed. 
The cause is that the tires did not rotate due to the hub bearing sticking. 

It was confirmed that the tire pressure was extremely low in the monthly inspection in the 
case (iii), and in the extra inspection conducted responded to the driver's report on the inclination 
of the vehicle body in the case (v) and (vi). 

In the case (iv), a foreign object, i.e., the nail, was found stuck in the tread part of the tire in 
the extra inspection due to the other vehicle malfunction. 

As a side note, none of the events (i) to (vi) led to the derailment. 
Also, for tires (iii), (v), and (vi), which had extremely low air pressures, the depth of the main 

grooves of the tires removed at the time of the failure was not measured, but when the inspection 
records of the main groove depths measured within three months before the failure were checked, 
all dimensions were 12 mm or more, far exceeding the company's standard of 5 mm for tire 
replacement. 
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Table 9. Tire defects that occurred in the past in the company 
 Occurred date Trainset Position Event Contents of malfunction 

(i) Nov. 23, 2011 15 Left tire, trailing 
axle, 4th vehicle Punctured 

The bolt to fit the brake caliper had fallen off 
and broke the air valve of tire, and caused 
puncture. 

(ii) Dec. 1, 2012 02 Right tire, trailing 
axle, 2nd vehicle Punctured The tire had locked and punctured due to the 

sticking of the hub bearing. 

(iii) Aug. 23, 2013 05 Right tire, trailing 
axle, 5th vehicle Punctured 

Tire punctured due to air leakage caused as 
the tire maker attached different type O-ring 
for the air valve. 

(iv) Feb. 9, 2014 51 Right tire, trailing 
axle, 1st vehicle Stuck nail 

There was a fear of puncture as the foreign 
object, i.e., nail used in the joint part of the 
running track. 

(v) Feb. 28, 2014 04 Right tire, driving 
axle, 6th vehicle Punctured 

Tire tire ran over a foreign object, i.e., nail 
used in the joint part of the running track, and 
punctured. 

(vi) Mar. 7, 2014 51 Left tire, trailing 
axle, 6th vehicle Punctured 

Tire tire ran over a foreign object, i.e., nail 
used in the joint part of the running track, and 
punctured. 

# The tires (i) and (v) were made by the tire maker, and the tires (ii) to (iv) and (vi) were made by the tire 
maker A. 

 
The defects in the cases (iv) to (vi) were all caused by the same foreign object, according to 

the company, summary of the situation was as follows. 
(1) Information on tire defects with the same cause 

The defects shown in Table 9 (iv) to (vi) were caused by the same foreign object, as the 
same traces were found on all tires. The foreign object was the nail, the umbrella nail, used 
to fix the rubber joints used in the expansion joints of the running track, as shown in Figure 
24. 

As a side note, because a nail, which is a foreign substance, was stuck in the tire of the 
vehicle in (iv), the nail came off from the joint part, and no puncture occurred after that. 

The punctures in the cases (v) and (vi) occurred after the case (iv), but the vehicles in the 
cases (v) and (vi) ran over the foreign object at first, and then the foreign object was 
removed by the vehicle (iv), but the air in the tires of vehicles (v) and (vi) leaked very slowly, 
so the punctures were not discovered until after (iv). 

 



38 

 
Figure 24. Rubber joint and fixing nails used for the expansion joint of the running track 

 
(2) Information on measures to prevent recurrence of the malfunction event described in (1) 

As a countermeasure after the occurrence of events (iv) to (vi) described in Table 9, the 
company decided to replace in turns the rubber joints with the steel joints that do not 
require nails, as shown in Figure 25. There were about 1,500 rubber joints in the whole 
places, and the construction works for about 290 of them had completed by FY2019, and 
all of them are planned to be completed by FY2024. 

 

 
Figure 25. Before and after of the measures for expansion joints on the running track 

 
2.6. Information on Manufacturing and Material Investigations, etc. of the Running Wheels 

2.6.1. Information on the Entrusted Investigation of the Tires of the Vehicle 
In order to estimate the causes of the damage of tire No.2 and the puncture of tire No.1 of the 
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vehicle, the entrusted investigation was requested to the Japan Automobile Tyre Manufacturers 
Association Inc., hereinafter referred to as "the Tire Association". The results of the investigation 
were as follows. 

(1) Causes of damage of tire No.2 
 

"Report of the inspection results" [excerpt] 
1. Requested inspection item : Front axle left tire of 6th vehicle of Inbound 1052A train, 

Ina Line of Saitama New Urban Transit Co., Ltd. 
Worn 
degrees 

New groove : 16.0 mm, average remaining groove : 2.1 mm, average 
worn rate : 87%, there are completely worn and exposed parts. 

2. Inspection results 
Date of 
inspection 

March 25, 2019 

Judged 
results 

Dragging*28 due to external factors, The damages caused by running 
while punctured or extreme air pressure shortage. 

3. Explanation of the judged results 
1) Status of the inspected item. The association confirmed the following statuses. 

(i) The tire has damages such as torn rubber layers, broken carcass cords, and 
delamination of the tread part, i.e., ground contact part. 

(ii) The above damages were more pronounced in the tread part, i.e., ground contact part, 
than on the side surface, and on the inner surface, damage occurred almost in the 
whole circumference. 

(iii) The safety wheel attached to the wheel has been already in broken pieces. 
(iv) The rim band attached to the wheel has been broken into several pieces. The 

diagonal stripe pattern traces in both ends of the rim band were caused by the tire 
bead being crimped on the inner surface, and the pattern on the tire side was 
transcribed to the rim band. These transcribed positions differed in left and right. The 
rim band does not play a role in maintaining air pressure. 

(v) On the tread part, i.e., ground contact area, there is a place where the steel belt is 
exposed due to wear. 

(vi) As a result of detailed visual inspection of the rubber thickness, the status of the cord 
arrangement, etc., for the existing parts, no abnormality was found for the presence or 
absence of manufacturing defects that could cause this damage. 

2) Reason for the judgment. Opinion of the association regarding the cause of damage of 
the tire is as follows. 

Since the damage has occurred over almost the entire circumference of the inner 
surface of the tire, it is probable that the tire ran in a punctured or extremely 
insufficient air pressure condition for some reason. Although the cause of a puncture 
or an extreme lack of air pressure cannot be identified, the following factors are 
generally considered. 
* Occurrence of penetrating flaw due to contact with external objects 
* Defectiveness of wheel, air valve and valve core 
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* Others 
In addition, since the exposed part of the steel belt due to wear can be seen in the 

tread part, i.e., ground contact part, it is possible that the steel belts separated in this 
area reached the inner surface of the tire and led to air leakage. 

As a side note, since the place of the pattern on the inner surface of the tire bead 
part transcribed to the rim band attached to the wheel is different in right and left 
sides, it can be considered that the rim band was displaced or turned around during 
mounting or running. However, since the rim band does not originally play a role in 
maintaining air pressure, there is no possibility of air leakage occurring due to the 
status of the rim band. 

3) Others 
In the case of a puncture or extremely lacked air pressure without safety wheel, the 

tire will run as the side part has been crushed, and damage will occur especially on 
the side part. However, damage of the tire was remarkable in the tread part, i.e., 
contacting part, rather than in the side part, i.e., side surface. 

Based on these analyses, it can be guessed that after a puncture or extremely lacked 
air status, the tire was supported by the safety wheel for a while, but eventually the 
safety wheel was damaged. 

 
As a side note, it was noted that if the tire had been a normal tire with sufficient main 

grooves and no exposed steel belts, it is considered as highly possible that it took a further 
running distance before similar damage, such as tears, peeling, etc., occurred in the tread 
part, even after the tire had lost inner pressure and was supported by the safety wheel. 
*28 "Drag" is the damage caused by tire punctures or use under extreme lack of air pressure. In 

addition, traces of this initial stage, such as wrinkles, deformation, discoloration, etc., are 
called drag traces. As the drag progresses, radial rubber cracks occur, and the belt and 
carcass may peel off and the cord layer may break. 

 
(2) Causes of puncture of tire No. 1 
 

"Report of the inspection results" [excerpt] 
1. Requested inspection item : Front axle right tire of 6th vehicle of Inbound 1052A train, 

Ina Line of Saitama New Urban Transit Co., Ltd. 

Worn degrees New groove : 16.0 mm, average remaining groove : 3.1 mm, 
average worn rate : 81%, There are completely worn parts. 

2. Inspection results 
Inspection date March 25, 2019 

Judged results External flaw in the tread part due to contact with obstacles, the 
flaw penetrating the tire. 

3. Explanation of the judged results 
1) Status of the inspected item. The association confirmed the following statuses. 

(i) The tread part, i.e., ground contact part, of the tire has been damaged to reach the 
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inner surface of the tire. In addition, linear traces can be seen on the cross section of 
the rubber layer at the damaged part. 

(ii) A part of the safety wheel attached to the wheel is damaged in a semi-elliptical shape. 
In addition, dent-like flaws can be seen in the damaged part of the safety wheel. 

(iii) Semi-elliptical flaws can be seen in around the damaged part on the inner surface of 
the tire. 

(iv) The shapes of the above (ii) and (iii) are almost the same. 
(v) Both shoulders wear and one shoulder drop wear occur in the tread part, i.e., ground 

contact part, and some grooves are completely worn. 
(vi) There is no noticeable damage, such as rubber tear, etc., on the inner surface of the 

tire other than the penetration flaw and the semi-elliptical flaw around it. 
(vii) As a result of the detailed visual inspection for the presence or absence of the 

manufacturing defects, that could cause this damage, such as the rubber thickness, 
the status of the cord arrangement, etc., in the damaged part, no abnormality was 
found. 

2) Reason for the judgment. Opinion of the association regarding the cause of damage of 
the tire is as follows. 

The damage to the inner surface of the tire tread part was caused by an obstacle 
coming into contacts with and penetrating the tread part, which caused the air in the 
tire to leak from the penetrating flaw, leading to the tire running with a puncture, 
supported by the safety wheel. 

In addition, since there are indentations on the damaged part of the safety wheel 
and the shape of the damaged safety wheel is similar to the shape of the semi-oval 
flaws around the damaged area on the inner surface of the tire, it is considered as 
that when the object came into contact with the tread, it penetrated the tire all at once, 
part of the safety wheel was damaged due to the impact of the object contacting the 
safety wheel and the inner surface of the tire was pressed hard against the damaged 
area, resulting in the semi-oval flaws in around the damaged area on the inner 
surface of the tire. 

3) Others 
Since there was no noticeable damage, such as torn rubber, on the inner surface of 

the tire other than the penetrating flaw and the surrounding semi-oval flaws, it is 
assumed that the running distance while the tire was punctured, supported by the 
safety wheel, was relatively short. 

 
2.6.2. Information on Tires and Safety Wheels Manufactured by the Tire Maker 

2.6.2.1. Information on manufacturing and maintenance of tires 
According to the tire maker, the tires for the new transit system undergo the durability 

performance tests prior to commercialization, the individual sampling inspections after 
manufactured, and the individual performance inspections at the time of the delivery. 
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The tires No.1 and No.2 of the vehicle had also undergone the individual performance 
inspections at the time of shipment, and there were no abnormalities in the inspection records. 

On the recommended timing of the tread inspections, since the actual use of the tires differs 
among the new transit system operators, they are in accordance with the standards for tire 
replacement on each operator. Regarding the timing of tire replacement, as a limit due to wear, 
replace tires with a slip sign even if only a part of the slip sign is exposed, and for tires without 
slip signs, all main grooves should be checked and replace it before the remaining grooves 
disappear, and the depth of the main grooves to replace tire should be 1.6 mm, which is similar 
as that of automobile tires, and it is recommended to replace it within 5 years from the start of 
use.  

As a side note, the company had been delivered the tires without a slip sign, which are the 
same model as the tires of the vehicle since the beginning of the delivery of the 315/70 R20 
size tires and had started using them in 2010. 

 
2.6.2.2. Information on the gap size between tire and safety wheel of the vehicle 

According to the tire maker, the gap between the inner surface of the tire tread of the vehicle 
and the outer surface of the safety wheel is designed to be 16.5 mm when the vehicle is empty 
loaded and 11.5 mm when the vehicle is fully loaded, in the status as the inner pressure of the 
tire was set at 1,050 kPa. When the inner pressure of the tire decreases, as calculated from the 
relationship between the actual measured value and the longitudinal distortion, the inner 
surface of the tread of the tire may come into contacts with the outer surface of the safety 
wheel at an inner pressure of about 650 kPa when the vehicle is empty loaded and about 770 
kPa when the vehicle is fully loaded, as shown in Figure 26. 

 

 
Figure 26. Gap between inner surface of the tire and safety wheel due to the load of 

the vehicle 
 

The status of the tire in the static load condition in normal and punctured conditions, i.e., air 
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pressure 0 kPa, are shown in Figure 27. The tire is supported by the safety wheel even in the 
punctured status, and even when the vehicle is empty loaded, when the gap width is at its 
maximum, it drops only 16.5 mm in design, so there is no obvious difference in appearance, 
different from the tires for ordinary automobiles. 

 

 
(a) Normal status                  (b) Punctured status 

Figure 27: Condition of tires in normal and punctured statuses 
 

2.6.3. Information on the Manufacturing of the Safety Wheels 
According to the tire maker, in the manufacturing and shipping of the safety wheels, the 

durability performance tests are conducted prior to commercialization, the confirmation of 
materials in the manufacturing process, and the individual product inspections are conducted at 
the time of shipment. 

(1) Durability performance test before commercialization 
Before commercialization, a run-flat*29 confirmation, the durability performance test, is 

conducted to simulate a situation in which a tire is punctured and the safety wheel supported 
the load. The safety wheels used in the test were the same type as those used in the vehicle, 
and the tires used in the test were the type different from those used in the vehicle but had the 
same frame structure as the tires used in the vehicle. According to the test results, when the 
vehicle ran as the simulation at a speed of 60 km/h for 11.5 km in the status that the safety 
wheel had been in contact with the road surface through the tread while deflated, the safety 
wheels were not damaged, but the tires were damaged first. As a side note, it is not assumed 
that the safety wheel will be used in direct contact with the track surface. 

(2) Material confirmation in the manufacturing process 
In the manufacturing process, the component analysis, the tensile testing for tensile 

strength and elongation, and the hardness measurement, i.e., Brinell hardness*30, of 
aluminum materials to be used in the products were conducted, and there was no abnormality 
in the records of the component analysis and various test reports on the mechanical properties 
of the materials of the safety wheels No.1 and No.2 of the vehicle. 

(3) Product inspection at the time of shipment 
In the product inspection, visual inspection and dimensional measurement were carried out, 

and there was no abnormality in the records of the visual inspection of the safety wheels No.1 
and No.2 of the vehicle. 



44 

*29 "Run-flat" is the status in which the tire is deflated, and the tire that can run to some extent even 
when the tire is deflated is called the run-flat tire. 

*30 "Brinell hardness" is the value of hardness measured from the diameter of a dent by pressing a 
spherical indenter against a test material with a constant force to form a dent. 

 
2.6.4. Information on Material Investigation of the Safety Wheels of the Vehicle 

A material investigation was conducted to confirm the soundness of the damaged safety wheel 
of the vehicle and the undamaged safety wheel of other vehicles. The inspection was conducted 
for the following three items. 

a Undamaged item that is the safety wheel removed from the running wheel No.3 of the 
1st vehicle of the train in the tire replacement before the accident. 

b Partially damaged item that is the safety wheel No.1 of the vehicle. 
c Completely damaged item that is the safety wheel No.2 of the vehicle. 

The investigation was conducted on the following five categories. 
(i) Chemical composition 
(ii) Tensile test for tensile strength and elongation 
(iii) Hardness measurement, i.e., Brinell hardness 
(iv) Macro observation, i.e., existence of large casting cavity*31 
(v) Microstructure observation 

*31 "Casting cavity" is the cavity generated inside a casting item. 
 

2.6.4.1. Chemical composition 
Aluminum alloy castings are used for the safety wheel, and material analysis for the 

material of safety wheel is conducted for each delivery lot before the casting process. The lots 
of the safety wheels No.1 and No.2 of the vehicle were the same, and the analyzed results 
showed that some of the chemical composition [%] of the undamaged and partially damaged 
safety wheels was slightly outside of the specified value prescribed in the Japanese Industrial 
Standard "JIS H 5202, 2010, 'Aluminum alloy castings'", hereinafter referred to as "JIS H 
5202", but that of the completely damaged item was within the specified value. 

 
2.6.4.2. Tensile test and hardness measurement 

According to the tire maker, when aluminum material was metal melted*32 in the process of 
manufacturing safety wheels, two test pieces are made for each metal melting, and conducted 
the material tests by the tensile test and the hardness measurement. 

The tensile strength and elongation of the mechanical properties at the time of this accident 
investigation were such that the elongation of one of the two undamaged test pieces was out of 
the recommended values specified in JIS H 5202, but the average value was within the 
recommended value. And the elongations of all partially and completely damaged items were 
within the recommended values. 

Similarly, in the Brinell hardness measurement, one of the two test pieces of the completely 
damaged items deviated from the reference value once out of five times, but the average value 
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met the reference value. Partially damaged items and completely damaged items were all above 
the reference value. 
*32 "Melting metal" is the material melted at a high temperature when the melted material is poured 

into a mold by applying pressure in the manufacturing process of a cast product. 
 

2.6.4.3. Macro observation 
As a result of macro-observation, no large casting cavity was found in the cross-section cut 

for macroscopic observation in any of the undamaged, partially damaged, and completely 
damaged items. However, in the cross-section of a test piece cut out from the partially damaged 
product for other analysis, a cavity of about 10 mm square was observed. 

Regarding the testing of materials, although aluminum alloy castings, which are the 
material for safety wheel, are nonferrous metal materials, "JIS H 0321 (1973) 'General rules for 
the inspection of nonferrous metal materials'" does not stipulate the confirmation of internal 
defects such as casting cavities. 

 
2.6.4.4. Microstructure observation 

Microstructure observation was conducted on the undamaged, partially damaged, and 
completely damaged items, and no peculiarities such as large crystal grains were found in any 
of them. 

 
2.7. Information on the Train Crews 

Train driver of the train was the 23 years old female, having the driver's license of the Class A 
electric rolling stock issued on March 5, 2018. 

 
2.8. Information on the Handling Operation 

2.8.1. Regulations on Handling Operation by the Train Crews of the Company 
The company has established the "Rules of Handling Operation" based on the Technical 

Standards for the handling operation by the train crews, and the handling of brakes is stipulated 
as follows: 

 
"Rules of Handling Operation", Implementing Standards, Operation, excerpt 

Chapter 3. Operation 
Section 2. Train operation 
Subsection 3. Handling of brakes 
[Service brake and emergency brake] 
Article 45. When stopping the train or the vehicle, service brake should be applied. 

However, if one of the following items applies, the emergency brake should be applied. 
(1) When the 02 signal*33 is displayed. 
(2) When the stop signal is displayed at a place where the train cannot be stopped with the 

service brake. 
(3) When a situation occurs that requires a sudden stop. 



46 

*33 The "02 signal" means an absolute stop signal, and the signal is displayed when it is necessary to 
stop immediately such as when a train, or vehicle, enters a section where it should not enter or 
when the signal cannot be received. 

 
2.8.2. Regulations on Handling Abnormalities by the Train Crews of the Company 

The Rules of Handling Operation stipulated the handling of crew members in the event of an 
abnormality as follows. 

Chapter 6. Treatment of the accident  
Section 1. General rules 
[Stopping the train] 
Article 230. If there is a fear of an accident, or if an accident occurs and there is a fear 

of a concurrent accident, the train must be stopped immediately without hesitation. 
[In case of occurrence of an accident] 
Article 231. When an accident had occurred, the driver shall give first aid measured and 

immediately report to the chief dispatcher and ask help according to the necessity. 
2, 3 [Omitted] 
[Prevention of rolling wheels] 
Article 232. When the driver had to leave the driver's cab after stopped the train due to an 

accident, etc., the driver shall set the master controller to the emergency brake position, 
remove the master controller key, and carry it with him. 

[Evacuation and guidance of passengers] 
Article 248. When it is necessary to stop the train in halfway between stations due to an 

accident, etc. and to evacuate or guide passengers, the driver must report the situation 
to the chief dispatcher and receive its instructions. 

2 In the case of the preceding paragraph, the chief dispatcher shall limit the section to be 
evacuated and guided passengers, confirm the power outage of the contact line for 
power feeding in that section, assign the necessary staffs to guide passengers, after 
that instruct the driver that the evacuation is permitted. 

 
2.9. Information on Weather Condition 

The weather conditions at the time of the accident were clear, and the temperature was 9.7 ℃ 
according to the records of the Japan Meteorological Agency. 

 
2.10. Other Information 

2.10.1. Information on the Relationship between Track Shape and Operating Status 
(1) Operating status of the train 

By overlaying the operating status and the data of running distance after corrected the wheel 
diameter described in 2.1.2.1, on the track shape, etc., in around the accident site described in 
2.3.2.2, the train ran for about 760 m, from the steep 55‰ upgrade track to the flat track section, 
from the place where the tire No.2 of the vehicle was damaged until it stopped. 

(2) Operating status of the trainset on the day of the accident 
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Summary of the operating status of the the trainset prior to the occurrence of the accident, 
operated in around the accident site as another inbound train was as follows. Regarding to the 
operating status of the 652A train, which was four trains before the train, and the 952A train, 
operated by the driver, which was one train before the train, the data in the event recorder 
device were checked. There was no significant difference in the relationship between the notch 
handling and speed during powering operation and coasting operation from the 55 ‰ upgrade 
steep slope till to pass the flat section that started from 2,320 m, compared to the train. After 
operated the powering notch immediately after passed the ATC/TD matching unit U9, both 
trains did not operate the powering notch again until to the next station, i.e., Railway Museum 
station, and stopped at the next station with only coasting and braking operation. 

[Refer to Attached Figure 16] 
 

2.10.2. Information on Laws and Ordinances on the Running Devices and Running Track of the 
New Transit System 

The running device and structure of the running track of the new transit system are 
stipulated in the Technical Standards as follows. 

 
"Ministerial Ordinance Providing for the Technological Standards for Railways" [excerpt] 

[Special railway] 
Article 120. In addition to the rules established in this Ministerial Ordinance, railway 

facilities and construction and handling of rolling stock of suspended railways, straddled 
type monorails, guide rail type of railways, trackless electric vehicles, cable railways, 
levitation railways and other railways with special construction may be exempted from 
some parts of the stipulations of the Ministerial Ordinance and be ruled by other 
necessary exemptions, according to the Public Notice established by the Minister of Land, 
Infrastructure, Transport and Tourism. 

 
The "Notice to Prescribe Technological Standards for Special Railways", Ministry of Land, 

Infrastructure, Transport and Tourism, Notice No.1785, December 25, 2001, which is a notice 
stipulated by the Minister of Land, Infrastructure, Transport and Tourism, stipulates on the guide 
rail type railways as follows. 

 
"Notice to Prescribe Technological Standards for Special Railways" [excerpt] 

[Purport] 
Article 1. The structure and handling of railway facilities and rolling stocks stipulated in 

Article 120, Paragraph 1 of the Ministerial Ordinance providing for the technological 
standards for railways shall be as specified in the Ministerial Ordinance and as provided 
in this Notification. 

[Suspended railway and straddled type monorails] 
Article 2. Measures must be taken to prevent the wheels from slipping on the surface of the 
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running track of suspended railways and straddled type monorails according to the 
necessity. 

2, 3 [Omitted] 
4. Vehicles of suspended railways and straddled type monorails must be able to run even 

when air leaks when using tires. 
5, 6 [Omitted] 
7. Vehicles whose bodies of suspended railways and straddled type monorails are not 

grounded must be capable of preventing passengers from receiving electric shock. 
[Guide rail type railway] 
Article 3. The guide steering device of the guide rail type railway must have sufficient 

strength and do not come into contacts with other parts of the vehicle. 
2. The provisions of paragraphs 1, 4 and 7 of the preceding Article shall apply mutatis 

mutandis to the guide rail type railways. 
 

2.10.3. Information on Management of Running Wheels in Other Guide Rail Type Railways 
As of 2019, the guide rail type railways, the lateral guide rail type, are operated in 9 routes by 

8 railway operators including the company. The summary of the results of the questionnaire 
survey conducted on the management methods of the running wheels for seven railway 
operators other than the company was as follows. 

Four railway operators use the tires made by the tire maker, among them, three railway 
operators use tires without slip signs similar as those of the vehicle. 

All railway operators use the tires and the safety wheels made by the same manufacturer, and 
the safety wheels are designed to be strong enough to return to the depot or make a round trip on 
the route as being punctured, no matter where the puncture occurs. 

In addition, the six operators had been introduced the devices to detect tire punctures. As a 
side note, the company had not been introduced such a device. 

 
2.10.4. Information on the Device to Detect Puncture 

There are two types of devices that detect punctures, i.e., to detect by the ground device and to 
detect by the onboard device and their mechanisms are as shown in the followings. 

(1) Detection by the ground device 
The detection devices are installed on the track and detect when a train or vehicle passes 

through the device. The detection device has a step board equipped with the load cell, which 
converts the change in weight on the step board into an electric signal. 

If an abnormality is detected from the signals from the load cells when the left and right 
running wheels pass over the step board of the detecting device, the information from the 
detecting device is transmitted to the dispatcher, etc. Since the detection device is the ground 
facility, it does not need to be installed on the vehicle, but it can only detect a puncture when 
the train or vehicle passes through the detecting device. 

(2) Detection by the onboard device 
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The onboard device detects the decrease of the inner pressure of the tire and has a 
mechanism that installs a pressure sensor on the inner surface side of the tire, and when the 
pressure decreased to below the preset value, the device sends the radio signal to the driver or 
the dispatcher, etc. 

There is no need to install the devices on the running track, and the status can be 
monitored at a certain interval. Some devices immediately notify when there is a sudden 
drop in inner pressure, so that damage of the tire, such as a burst, can be quickly notified. 
However, it is necessary to attach sensors to all tires in one trainset. 

 
2.10.5. Information on Laws and Ordinances for Automobile Tires and Shared Buses 

Regarding to the automobile tires, based on the "Road Transport Vehicle Law", Law No.185, 
1951, the Ministry of Land, Infrastructure, Transport and Tourism has established the 
"Automobile Inspection Standards", Ministry of Transport Ordinance No.70, 1951, and "Safety 
Standards of Road Transport Vehicles", Ministry of Transport Ordinance No.67, 1951, and 
"Notice Establishing Details of Safety Standards for Road Transport Vehicles", Ministry of Land, 
Infrastructure, Transport and Tourism Notification No.619, 2002, have been established, and the 
"Road Traffic Law", Article 62, Law No.105, 1960, prohibits the operation of the vehicles, that 
do not comply with those laws and regulations, from driving on public roads. 

The Automobile Inspection Standards states that the daily inspection of tires of commercial 
vehicles and private freight vehicles should include "proper pneumatic pressure and absence of 
abnormal wear", and their details are described in the public notice specifying the details of the 
safety standards for road transport vehicles. The Road Transport Vehicle Law stipulates that the 
user of a vehicle or the person who operates the vehicle must inspect it "once a day before the 
start of the operation". 

According to the statistical information of the Ministry of Land, Infrastructure, Transport and 
Tourism, "Number of buses, transported people and vehicle running kilometerage", the average 
of the yearly running kilometerage per vehicle of the shared bus was about 51,900 km, i.e., about 
13,000 km per 3 months, in the 5 years from FY2013 to FY2017. 

 
 

3 ANALYSIS 
 
3.1. Analysis on the Occurred Status of the Accident 

3.1.1. Analysis on the Location and Time of the Occurrence of the Derailment 
It is highly probable that the accident was caused as the running wheel deviated from the 

running track at around 2,045 m, because there were traces considered as caused by the running 
wheel deviated from the running track, as described in 2.4.1 (6). 

Furthermore, it is highly probable that the running wheel was running as being deviated to left 
from the running track at around 2,045 m, because there was a black linear trace considered as 
caused when the left running wheel deviated to left of the running track, on the surface of the 
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running track in around 2,045 m, and the tightening devices of left guide rail had been broken 
intermittently from the trace, as shown in Figure 17 in 2.4.1 (6). It is probable that the black 
linear trace showed that the vehicle ran as the tire had been sandwiched by the rim flange and the 
running track surface, as the stability of straight running was missed accompanied by the 
damages of the safety wheel after the tire was broken, because there was the trace considered as 
the rubber of the tire was rubbed against the rim flange of the running wheel No.2 of the vehicle, 
as described in 2.4.2.1 (1) (iii) b. 

In addition, it is highly probable that the time of the occurrence of the derailment is estimated 
at about 11:03, when the gangway bellows between the vehicle and the 5th vehicle blocked the 
left half of the gangway, as shown in Table 2 and Table 3 in 2.1.2.2. 

 
3.1.2. Analysis on the Location and Time of Damage of No.2 Tire of the Vehicle 

(1) As described in Table 2 in 2.1.2.2, the video image of the vehicle at 11:02:48 in the 
security camera showed the vertical shaking momentarily, at about 0.13 seconds after the 
No. 32 shelter at 2,702 m, was recorded, and at about the same time, several passengers in 
the 5th vehicle turned backward. It is probable that the passengers who turned backward 
were reacting to the sound made when the tire No.2 was broken. 

(2) As described in 2.1.2.2, the distance, from the installed place of the camera that took the 
forward image of the vehicle to the center of the damaged tire No.2, is about 4.5 m. 

(3) As shown in Table 1 of 2.1.2.1, the velocity of the train was about 29.3 km/h when it 
experienced a momentary vertical shaking and the front part of the vehicle body had 
tilted, and it is probable that the train ran for about 1.1 m in about 0.13 seconds. 

(4) As described in 2.3.2.2, the section from 2,696 m to 2,609 m was the 55‰ upgrade track, 
and as described in 2.1.1, the driver stated that she heard a loud low tone sound from 
backward when the front head of the train finished to climb up the upgrade track, while 
running in the powering operation at the speed of about 40 km/h. 

Therefore, it is highly probable that the location where the tire No. 2 of the vehicle damaged 
was in around 2,696 m, and the time of occurrence was about 11:02. 

In addition, it is probable that the breakage of the tire No.2 was to make a loud sound and a 
sudden drop of the inner pressure of tire, because the security camera showed that the vehicle 
shook momentarily and the passengers turned backward in response to the sound almost at the 
same time. 

As a side note, the place where the front head of the train finished to climb up the upgrade 
track, i.e., the place where the front vehicle, based on the statement of the driver in the above (4), 
was at about 2,609 m, corresponds the place where the front axle of the vehicle was in around 
2,650 m, where was the place about 45 m ahead from the place where the tire broken. Therefore, 
it is probable that there was some error in the statement by the driver against actual place. 
 

3.1.3. Analysis on the Derailment of the Train 
(1) Process to the damage and breakage of the safety wheel No.2 
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It is probable that the safety wheel No.2 of the vehicle was damaged and broken as the 
safety wheel received impacts directly from the running track, because the vehicle ran as the 
exposed safety wheel had been contacted with the surface of the running track, as  the safety 
wheel became in the status as a part of the safety wheel was exposed, because the tread part of 
the tire was peeled off due to the breakage of the tire No.2 because a part of the tread had 
been opening, as described in 2.4.2.1 (1) (i) b. 

In addition, there was a large fragment of the tread part in around 2,470 m, as shown in 
Figure 14 in 2.4.1, and the vehicle traveled with the safety wheel in contact with the track for 
more than 400 m from there to around 2,045 m, where the deviated trace was existed, and 
concrete was used for the running track as described in 2.3.2.4. Therefore, it is probable that 
the safety wheel were in the status as easy to be damaged due to the direct impact from the 
concrete. 

(2) Factors that cause the guide wheel to come off from the guide rail 
As shown in Figure 7 in 2.3.2.3, the height of the top edge of the guide rail is 340±5 mm 

above the surface of the running track, and when deducted the width 150 mm of the flange 
surface of the H shaped steel, the height of the lower edge of the guide rail is 190±5 mm. The 
design value 306 mm for the height of the top edge of the guide wheel in the status that the 
tires are new products and the vehicle was unloaded as described in 2.3.3.2, and the height of 
the top edge of the guide wheel calculated based on the common specifications of the tires 
shown in Table 5 in 2.3.3.6 (5), are shown in Table 10. When the tire is punctured, the height 
of the top edge of the guide wheel is 261 mm, even when the tread is completely worn. 

 
Table 10. Height of top edge of guide wheel when tire is punctured and wheel is grounded 
 Item Size [mm] 
(a) Normal tire radius (new tire / empty loaded) 445 ± 2.5 
(b) Tire radius when punctured (minimum value when completely worn) 402.5 
(c) Aluminum wheel radius (maximum diameter φ560 mm) 280.0 
(d) Dimensional difference between (a) and (b) (maximum value)  45.0 
(e) Dimensional difference between (a) and (c) (design value) 165.0 
(f) Top height of the guide wheel at the time of punctured (306-(d)) 261.0 
(g) Top height of the guide wheel when the wheel touches down (306-(e)) 141.0 

 
However, as shown in (vii) in Table 10, the height of top edge of the guide wheel is 141 

mm when the wheel is in direct contact with the surface of the running track and the vehicle 
is supported only by the wheel, as the safety wheel of the vehicle was damaged. As a side 
note, the height of top edge of the guide wheel is 141 mm or less as shown in Figure 28, 
considering that the vehicle inclined toward the running wheel No.2, as the heights of left 
and right parts of the wheel axle differs due to damage in one of the running wheels. 

It is highly probable that the guide wheel came off from the guide rail because the tire 
No.2 was damaged and the height of the upper edge of the guide wheels No.2 and No.4 
became lower than the lower edge of the left guide rail due to the damage of the safety wheel 
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as described in (1). 
(3) Factors that caused the deviation of the running wheel from the running track 

It is highly probable that the running wheel of the front axle of the vehicle deviated from 
the running track to left, because there was no longer anything to guide the vehicle from left 
side as the guide wheel came off from the guide rail, as described in (2), while the vehicle 
was running as tilting to left in the status that the radius of left running wheel is smaller than 
that of right running wheel, due to the breakage of the tire No.2 and the safety wheel. 

 

 
Figure 28: Relationship between height change of upper edge of guide wheel and lower edge 

of guide rail depending on the status of running wheel 
 
3.2. Analysis on Breakage of the tire No.2 of the Vehicle 

It is probable that the breakage of the tire No.2 of the vehicle was caused by the followings, 
according to the "Report of the inspection results" of the Tire Association described in 2.6.1 (1). 

(i) The carcass cords in the inner surface of the tire were broken. 
(ii) The carcass cords were broken due to be used in the status of puncture or the extreme 

lacked air pressure. 
As a side note, it is probable that the aging of the tire did not affect the damage, because the tire 

No.2 was used for about one and a half years as it had been in use since June 2017 as described in 
2.5.1.1 (2), and the time when the tire maker recommends the replacement due to the over time is 
5 years from the start of use, as described in 2.6.2.1. 

 
3.2.1. Analysis on Broken Carcass Cord in the Inner Surface of the Tire 
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(1) Damage of the inner surface of the tire 
(i) If the damage was caused by an abnormality or a foreign object in the track while the 

vehicle was running, there would be the traces, etc. on the track, but as described in 
2.3.2.5, there was no abnormality in the most recent inspection of the track, and as 
described in 2.3.1.3, there was no abnormality in the inspection implemented after the 
accident. 

(ii) When a foreign object in the tire damaged the inner surface of the tire, it is considered 
that the foreign object would have caused local damage in the inner surface of the tire 
if the safety wheel stepped on the foreign object, but as described in 2.4.2.1 (1) (i) b, 
the inner surface of the tire was damaged for over the entire circumference. 

(iii) When the tire inner pressure was insufficient, the vehicle would run as the inner 
surface of the tire contacted with the safety wheel, and as described in 2.4.2.1 (1) (i) b, 
the inner surface of the tire was damaged over the entire circumference. 

Therefore, it is likely that the tire had punctured and the safety wheel ran by stepping on the 
tread part of the tire, or that the tire was damaged while running as the inner surface of tire 
contacted with the safety wheel due to a decrease of inner pressure of the tire. 

(2) Factors that caused the tire to reach its strength limit 
It is probable that the strength of a tire reached to its limit related with that the tires 

continued to be deformed excessively by continuing to run under extreme air pressure shortage, 
and the shoulder part suffered from the loads, in addition, the steel belt and carcass cord were 
damaged by the safety wheel stepping on the tread part. 

(i) As described in 2.4.2.1 (1) (i) b, the fallen off large piece of the broken tread part had 
been peeled off at the shoulder. 

(ii) According to the "Report of the inspection results" by the Tire Association described 
in 2.6.1 (1), the damage was caused by running in the status as the tire was punctured or 
in extreme insufficient air pressure. 

In addition, in the tires that the depth of the main grooves is considered to have been 
sufficient, the damage did not occur even when air pressure was extremely low, as described 
in 2.5.3. It is probable that the possibility to require further running distance before the same 
damage would have occurred even if the load had been supported by the safety wheel in the 
normal tire with sufficient groove depth and the steel belt was not exposed, as described in 
2.6.1 (1). Therefore, it is probable that the tire was more susceptible to damage than a tire 
with normal tread part, because the strength of the tire in the tread part decreased due to the 
existence of the damage as the decreased element wires of the belt of the exposed steel belt as 
described in 2.4.2.1 (1) (i) b. 

 
3.2.2. Analysis on Puncture or Extremely Lacked Pneumatic Pressure of Tire 

It is likely that the tire punctured or became in the status as extremely lacked air pressure, 
because the air inside the tire may leak due to the followings. 

(i) An external object came into contacts with the tread, and caused the penetrating flaw. 
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(ii) A part of the exposed steel belt on the tread part reached the inner surface of the tire. 
(iii) There was a problem in the safety wheel and the safety wheel broke off first and 

damaged the inner surface of the tire. 
(iv) There was a defect in the wheel components, etc. 

(1) Factors that cause penetrating flaw when an external object comes into contacts with the 
tread part 

As described in 2.4.2.1 (2) (i) to (v), there was no trace of foreign objects coming into 
contacts with the tread of the tires of the 1st through 5th vehicles that passed the running track 
before the vehicle in the train. In addition, as described in 2.3.1.3, the running track on which 
the train ran until to around the occurred place of the accident was inspected after the accident 
and no abnormalities were found, so it is probable that the possibility, that the external objects 
contacted and caused the penetrating flaw, is low. 

(2) Factors that led to the exposure of the steel belt in the tread of the tire 
(i) Factors due to the quality control of the tread part 

As described in 2.5.1.1 (2), in the extra inspection conducted in response to the report 
from a crew member that there was an abnormal noise while running, the company 
replaced only the tire which the steel belt was exposed due to significantly worn tread part 
of the tire, and checked the presence of remaining grooves in the main grooves but did not 
measure their dimensions for the tires in the other positions in the vehicle. At this timing, 
some of the other treads already had no remaining grooves, and as described in 2.4.2.1 (2) 
(iv), it is likely that the flaws such as those on the tire No.3 of the 4th vehicle may have 
occurred, leading to the exposure of the steel belt. 

It is likely that the element wires of the exposed steel belt could have been cut caused 
by running of the vehicle, and some of the wires reached the inner surface of the tire. 

(ii) Factors caused by abnormal load on the tread part 
a. Possibility that the tire No. 1 punctured first 

If the tire No.1 punctured first, the No.2 tire could have been affected, but according 
to the judgment in the "Report of the inspection results" of the Tire Association 
described in 2.6.1 (1) and (2), the running distance of the tire No.1 as being punctured 
is considered as relatively short, so it is probable that the tire No.1 punctured after the 
tire No. 2 was damaged. 

b. Possibility of being affected by the failure in wheel axle 
As described in 2.4.2.2, there was no abnormality in the axle components such as the 

hub and kingpin, etc., of the front axle of the vehicle, and as described in 2.4.2.2 (1) 
(iii), there was no abnormality in the tie rod of the guidance and steering device. As a 
side note, it is probable that the damages of the guide arms No.1 and No.2 described in 
2.4.2.2 (1) (i) and (ii) were caused by the impact in the accident. 

Based on the above (i) and (ii), it is likely that the exposure of the steel belt was caused by 
using the tires in the status that the main groove in the tread wore until it could not be seen. 

(3) Factors causing damage due to problems with safety wheels 
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When assumed that there is a problem in the safety wheels, the factors considered as to 
damage the safety wheel first, and the results of the investigation are shown in Figure 29. 

 

 
Figure 29. Factors considered when there is a problem in the safety wheels 

 
As described in 2.6.4.2, the elongation in the tensile test of the undamaged safety wheels in 

the material test exceeded the recommended value of "JIS H 5202", but as described in 2.6.4.3, 
it is probable that the casting cavities in the test piece were considered as the major factor. 
Furthermore, as described in 2.6.4.1, in the component analysis for the safety wheels, the 
partially damaged and undamaged products were not in accordance with the values specified 
by the JIS. However, in general, the composition of casting products varies depending on the 
shape and conditions of each product. Since the safety wheel No.2, which was totally damaged, 
met all the JIS specified and recommended values, it is probable that the possibility to cause the 
breakage due to the defect in the mechanical properties of the safety wheel was low. 

Although it is not considered as the major cause of the accident, insufficient control of 
internal defects, such as the casting cavity observed in the material test, is considered as a 
matter that should be taken into account during manufacturing, since it leads to a decrease in 
the mechanical properties of the material. 

(4) Factors causing damage to the wheel and the rim valve 
(i) Damage on the circumference of the wheel 

Regarding the circumferential surface of the wheel, as described in 2.4.2.1 (1) (iii) b, 
the dents were partially observed near the center of the rim. However, as shown in 2.1.2.2 
Table 2, severe vertical shaking was observed while running after the tire was damaged. 
Therefore, it is probable that damage and dents were caused in the circumferential surface 

Safety wheel 
damaged 
inside wheel 

Flaw generated 
and deteriorated 
in safety wheel 

Poor fastening 
bolts and nuts 

Poor assembling 
of safety wheel 

Poor mechanical 
properties of 
safety wheel 

Material strength decreased 
due to the shrinkage cavity in 
the base material 

Different type bolts and nuts 
had been used. 

Bolts and nuts had fallen away 
due to insufficient fastening 
torque. 

Poor assembling of 3 pieces 
into safety wheel caused 
damages and rake 

There were shrinkage cavities in some test 
pieces, but not in the test pieces of completely 
wrecked product [2.6.4.3] 

No abnormality in the defective products 
that could be confirmed [2.4.2.1 (1) (ii) b] 

Results of tensile strength and elongation test 
showed that some test pieces exceeded the 
JIS recommended values, but completely 
wrecked piece did no exceeded. [2.6.4.2] 

Results of component analysis showed 
that some test pieces exceeded the JIS 
recommended values, but completely 
wrecked piece did no exceeded. [2.6.4.1]  

Insufficient material strength 

Insufficient hardness 

Poor material components 

No abnormality in the defective products 
that could be confirmed [2.4.2.1 (1) (ii) b] 

No abnormality in joint part of each piece 
that could be confirmed [2.4.2.1 (1) (ii) b] 

Results of Brinell hardness showed that 
all test pieces met the reference values 
[2.6.4.2] 
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of the wheel by stepping over plural broken pieces of the safety wheel due to the breakage 
of the safety wheel. 

(ii) Air leakage from the rim valve 
It is highly probable that the air leakage from the rim valve have occurred due to the 

distortion of the rim valve and its mounting parts caused by the damage and distortion of 
the wheel, as described in 2.4.2.1 (1) (iii) b. 

It is likely that the tire was punctured or became in extreme lack of air pressure caused by air 
leakage from the tire as a result of the exposed steel belt in the tread part was broken and some 
of the wires reached the inner surface of the tire, based on the above (1) to (4). 

It is probable that the steel belts were exposed in some places caused by the existence of the 
significantly worn place, such as completely worn, in the main grooves in the tread part. 

 
3.3. Analysis on the Management of the Running Wheels of the Company 

3.3.1. Analysis on the Abrasion of the Tire Tread 
(1) Worn status of the tire tread at the time of inspection 

As shown in Table 7 in 2.5.1.1 (3), the worn amount per 1,000 km running distance of 
the driving axles of the trainset was in the range between 0.078 mm and 0.131 mm for 
each tire position in each vehicle, and a simple calculation showed that the maximum 
worn amount is 2.62 mm after 20,000 km running. However, the worn amount after 
operated more than 20,000 km in the period between inspections varied depending on 
the tire positions in the vehicle, i.e., the maximum value was 4.7 mm for the tire No.3 of 
the 1st vehicle in the monthly inspection on August 28, 2018, and the minimum value 
was 1.1 mm for the tires No.3 and No.4 of the 4th vehicle in the monthly inspection on 
December 14, 2017. 

In addition, as described in 2.5.1, the company does not check the tread part in the train 
inspections, which are conducted every 10 days or less, so even if the tires are completely 
worn, the company does not notice. 

(2) The place to measure the main groove depth of the tread part 
As described in 2.5.1.1 (1), the company measures the shallowest place in the second 

main groove from the outside among the four main grooves in the tread, and replaces the 
tire if it does not meet the standard value or if there is even one place completely worn due 
to abrasion. However, as described in 2.4.2.1 (2) (ii) to (v), in the tires of the train, the most 
completely worn places existed in the fourth main groove from the outside, and there were 
also many areas of uneven wear. As described in 2.5.1.1 (1), the company recognized that 
the grooves at both ends of the four main grooves, i.e., the first and the fourth grooves 
from the outside, are particularly prone to wear, the wear of the main grooves other 
than the measured groove were in the tend to be worn worse. 

(3) Extra inspection when an abnormal noise, etc., is reported 
As described in 2.5.1.1 (2), the main grooves of tires other than those that were replaced 

were not measured in the extra inspection conducted 9 days prior to the accident 
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responded the abnormalities in the tire tread. However, as described in 2.4.2.1 (2) (ii) to 
(v), there were several areas where the main grooves were completely worn in the tread 
part of the tire, and there were also areas where the steel belt was exposed in the trainset. 
In addition, it is likely that the following situations were caused related with the decision 
of the company that there was no problem to replace only the tires with exposed steel belts 
in the extra inspection. 

- As described in 2.5.1.3, the company planned to replace all the tires by new ones on 
February 8, about one month after the extra inspection, but there was no room in the 
company's inventory for the tires made by the tire maker. 

- As described in 2.5.1.1 (2), the company had been using the used tires and had not 
experienced any problems. 

Based on the above (1) to (3), the longer the running distance in the inspection cycle to check 
the status of the tread part, the greater the worn amount, and although worn amount varies from 
portion to portion, it will not be noticed because there is no opportunity to check the status in the 
inspection cycle, so even if the wear deteriorated to be completely worn. It is desirable to review 
the inspection cycle for the status of the tread part according to the running distance and the 
worn amount. 

Since the worn amount tends to be higher in the grooves at both ends than in the main 
grooves which are the positions to be measured in the tread area, the inspection to measure the 
main grooves should measure the main grooves with the largest worn amount among the four 
main grooves. At the same time, based on the new data of the worn amount, it is desirable to 
review the standard value for the main groove depth at which tires are replaced in the periodic 
inspections. 

Furthermore, it is desirable to conduct inspections equivalent to the monthly inspections, such 
as to check the inner pressure of all tires in the trainset when there is a report of abnormalities 
caused by tires. 

 
3.3.2. Analysis on the Management of Inner Pressure of Tires 

As described in 2.5.1.2, when measuring inner pressure of tires, the company decides that 
tires should be replaced in the event of extremely lacked air pressure, but the company did not 
specify the specific values in the company's regulations. The vehicle manufacturer's instruction 
manual, which the company refers to, prescribed that those used with an inner pressure of 690 
kPa or less should be replaced, but as described in 2.6.2.2, according to the tire maker's 
calculations, there is the possibility that the inner surface of the tire come into contacts with the 
safety wheel at 770 kPa or less, when the vehicle is fully loaded. Therefore, the safety wheel may 
contact with the inner surface of the tire, before the inner pressure drops to the value used as a 
reference. 

In addition, in the inspection to check the inner pressure of the tire, if the inner pressure is 
higher than 690 kPa, the tire may not be judged as extremely lacked air pressure even if the inner 
pressure is 770 kPa or lower, and it is likely that the tire continued to be used with the air filled 
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to the controlled value. In this case, since there is a possibility that the tire has been running with 
the inner surface of the tire in contact with the safety wheel, it is necessary to determine an 
appropriate 'standard value of inner pressure for replacing tires' according to the specifications 
and characteristics of the tire, for example, replacing tires whose inner pressure falls below 770 
kPa in an inspection. 

In addition, as described in 2.5.3, there have been the cases that extremely low air pressures 
were not confirmed until the monthly inspection, and as described in 2.6.2.2, it is probable that 
there is the case that it is difficult to judge clearly by the visual inspection for the appearance of 
the tires in the normal status and the punctured status in early stage. In the cases (iii), (v), and 
(vi) in Table 9 in 2.5.3, it is likely that the similar result as in the accident could have occurred. 

Therefore, it is desirable to install the device to detect the puncture of tire or the device to 
monitor the inner pressure of the tire so that the puncture of tire can be identified in early stage. 

 
3.4. Analysis on Damages of the Vehicles of the Train 

3.4.1. Analysis on Other Damages of the Running Wheels 
3.4.1.1. The factor of the crown-shaped opening of the tire No.2 of the vehicle 

It is probable that the tread of the tire part had a crown-shaped opening, as described in 
2.4.2.1 (1) (i) b, caused by that the tire No.2 continued running as the sidewalls of the tire No.2 
on both the inner and outer sides were sandwiched between the area around the buffer rubber of 
the the guide wheel No.2 and the bent guide arm No.2, because the area around the buffer 
rubber of the guide wheel No.2 was blackened, as described in 2.4.2.2 (2) (i) 

 
3.4.1.2. Damage of the safety wheel No. 1 of the vehicle 

With regard to the breakage of a part of the safety wheel No.1 of the vehicle, there were 
scattered fragments of the safety wheel due to the breakage of the safety wheel No.2 as 
described in 2.3.1.2 (1), and it is probable that a part of the safety wheel was broken due to the 
impact, etc., that an obstacle penetrated the tire and came into contact with the safety wheel 
based on the "Report of inspection results" by the Tire Association described in 2.6.1 (2). 
Therefore, it is probable that the damage was caused by a penetrating flaw in the tread part 
caused by stepping over a fragment, etc., of the safety wheel and impact with the outer surface 
of the safety wheel No.1. 

 
3.4.2. Analysis on the Other Damages of the Vehicle Bodies 

3.4.2.1. Damage of the guide wheel of the vehicle 
The guide wheel No. 2 of the vehicle had scratched trace on the side surface and the 

circumference of the top lid of the guide wheel support in the direction of travel due to the bent 
to right and damaged mounting seat, as described in 2.4.2.2 (2) (i), and there were hit traces and 
bend on the tips of the mounting bolts of the guide rail tightening device, as shown in Figure 17 
in 2.4.1. Therefore, it is probable that the damage occurred because the guide wheel came into 
contact with the bolts of the tightening device and the branch wheels impacted the trough. 
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As for the guide wheel No.4 of the vehicle, there were sharp scratched traces on the top lid 
and scratched traces on the branch wheels, as described in 2.4.2.2 (2) (ii), and the guide wheel 
attachment part of the guide arm was distorted, as described in 2.4.2.2 (1) (i) b. Therefore, it is 
probable that the damage was caused by the collision with the left side wall and the guide rail 
tightening device, which caused the buffer rubber to come off the pedestal, shift to 
backward, and get caught between the side wall and the guide wheel, and run in these 
situations. 

 
3.4.2.2. Damages in around the the running wheel No. 2 of the vehicle 

It is probable that the damage of the mudguard on the running wheel No.2 of the vehicle 
described in 2.4.2.2 (3) was caused by the impact of the tread part of the tire No.2 was running 
in a state as largely peeled off and hit the mudguard, as described in 2.4.2.1 (1) (i) b. 
 

3.4.2.3. Damages of the underframe of vehicle body of the vehicle 
As for the existence of the dents and scratched traces caused by the strong impacts in the 

front left underframe of vehicle body of the vehicle, as described in 2.4.2.3, it is probable that 
the dent was caused by collided with the matching device because there were hit traces on the 
housing of the ATC/TD matching device that had fallen at around 2,000 m, as described in 
2.4.1 (8), and the scratched traces were caused by that the vehicle running as being contacted 
with the top edge of the side wall, because there was a scratched traces on the top edge of the 
left side wall at around 1,943 m, as described in 2.4.1 (9). 
 

3.5. Analysis on Handling Operation 
It is probable that the train traveled about 760 m from the time when the driver heard the 

abnormal sound to the time when the train stopped, as described in 2.10.1 (1), as the driver did 
not notice the damage of the tire No.2 in the 6th vehicle, because the handling operation and the 
accelerating and decelerating statuses of the train were not significantly different from those of the 
same section of the other trains, as described in 2.10.1 (2). 

It is desirable to introduce a device to monitor the inner pressure of tires on board the train, 
since it is necessary to stop the train immediately to prevent derailment in the event of a tire 
breakage such as in the accident. 

 
3.6. Analysis on the Track 

It is probable that there was no abnormality as to cause the derailment in the track before the 
accident, because there were no abnormalities in the result of the inspection of the track status 
implemented after the accident, as described in 2.3.1.3, and there were no abnormalities in the 
records of the most recent track inspection, as described in 2.3.2.5. 

As a side note, it is necessary to prevent accidents in which equipment or parts fall from the 
viaduct, because it is likely that the injury accidents may occur under the viaducts depending on 
the cases, as the place where the ATC/TD matching device fell was a parking lot, as described in 



60 

2.4.1 (8). 
 
3.7. Analysis on Tire Inspection Cycles, etc., for Automobiles and New transit systems 

As described in 2.10.5, statistics of the Ministry of Land, Infrastructure, Transport and Tourism 
show that the average running distance of a passenger bus is about 13,000 km in three months. 
However, automobile tires are prescribed to be inspected for wear once a day before starting 
operation by the law, i.e., Road Transport Vehicle Law. Although it is not possible to make 
comparisons under the same conditions, the tires for the new transit system have similar tire 
specifications, although their design strength is higher than those used for trucks and buses, as 
described in 2.3.3.6 (1). There was the case that the tread parts of the trainset were not checked 
while running for about 27,000 km in the maximum, which is longer than the average running 
distance by a shared bus. Therefore, it is likely that the detection of the worn status of the tread 
parts delayed related with that the confirmation of the worn status of the tread part had been 
prescribed to implement in the inspection cycle in the "Status and Function Inspection" in the 
Notification on Periodic Inspection of Facilities and Vehicles of the Technical Standards, as 
described in the footnote to "Monthly Inspection" in 2.3.3.4. 

 
 

4 CONCLUSIONS 
 
4.1. Findings 

(1) It is highly probable that the left running wheel of the front axle of the vehicle deviated from 
the running track to left and derailed, because the air pressure dropped rapidly due to damage 
of left tire of the front axle, and the vehicle continued running with the aluminum alloy casting 
safety wheel had been exposed, causing the safety wheel to be damaged and the vehicle body to 
tilt to left and the guide wheel to deviate from the guide rail. [Ref. 3.1.3] 

(2) It is highly probable that left tire of the front axle was damaged because the inner pressure of 
the tire reduced and the tire became extreme lack of air pressure, and the tire was running 
with the inner surface of the tire in contact with the safety wheel causing the damages on the 
circumference of the inside surface of the tire, resulting the breakage of the carcass cord, and 
the decrease in tire strength. [Ref. 3.2.1] 

(3) It is probable that the train continued to run as the safety wheel had been exposed because 
the driver did not notice any abnormalities as there was no significant difference from the 
driver's usual sense of operation, such as the displays on the driving desk and the state of 
running associated with the operation of the train. [Ref. 3.5] 

(4) It is highly probable that the air pressure of tire decreased and the tire became extremely 
underinflated because the tread of the tire was worn to the extent that the steel belt was exposed 
and running, which damaged the belt and broke the element wires, and some of the element 
wires reached the inner surface of the tire, causing air leakage. [Ref. 3.2.2] 

(5) It is probable that the tread part of the tire was worn until the steel belt was exposed because 
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the worn status of the tires could not be confirmed at an appropriate opportunity as there is the 
case that the main groove used to measure the groove depth of the tire may not have been the 
most worn part, and the inspection cycle was too long with respect to the running distance. [Ref. 
3.3.1] 

(6) It is likely that the vehicle had been operated with the inner surface of the tire in contact with 
the safety wheel, because the tires had not been replaced as it was not judged to be abnormal 
even when the measured inner pressure reached the value at which the inner surface of the 
tire comes into contact with the safety wheel, because the inner pressure value prescribed as a 
guideline to replace the tire prescribed in the inspection to measure the inner pressure of the 
tires, was smaller than the pressure at which the safety wheel and the inner surface of the tire 
might come in contact when the vehicle is fully loaded. [Ref. 3.3.2] 

 
4.2. Probable Causes 

It is highly probable that the air pressure of left tire of the front axle of the vehicle decreased 
suddenly due to be broken, and the safety wheel damaged due to the vehicle running with the 
damaged tire, then the guide wheels came off to downward of the guide rail, and the running 
wheels deviated from the track, resulting in derailment, in the accident. 

It is highly probable that the tire was broken caused as the element wires of the steel belt were 
cut, because the vehicle ran in the status that the safety wheel had been contacted with inner 
surface of tire due to extreme lack of the air pressure of the tire. 

It is probable that the air pressure of the tire became to lack extremely because the air leakage 
was caused by some of the broken element wires of the steel belt reached to inner surface of the 
tire as the vehicle ran in the status as the steel belt was exposed due to the abrasion of the tire tread. 

It is probable that the train was running in the status as the steel belt was exposed due to the 
abrasion of the tire tread, because the vehicles had been operated without checked sufficiently the 
status that the main grooves in the tire tread had been worn out due to the abrasion as the depth of 
the main grooves was not measured in the extra inspection and the confirmation of the worn status 
of the tires in the train inspection had not been prescribed. 

 
5 SAFETY ACTIONS 

 
5.1. Safety Actions Required to be Taken 

In order to prevent the accident, the following measures should be taken. 
(1) Management of the main grooves of the tire 

If the tread part of a tire run with the steel belt exposed, the belt will diminish and the 
damage will reach the carcass, reducing the strength of the tire. Therefore, tires must be 
replaced before the remaining grooves in the main grooves in the tread part are exhausted by 
monitoring the distance traveled and the amount of wear. For this reason, it is desirable to 
check the status of the tread parts visually in the train inspections, etc., which are 
implemented in short period, or, to measure the most worn grooves in all main grooves in the 
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measurement of the dimensions of the main grooves in the periodic inspections if it is 
difficult to check in a short inspection period. 

It is also desirable to implement the management considering the running distance, such 
as to monitor the changes in the running distance and the worn amount of the tread parts in 
the inspection cycle, and to review the tire replacement plan depending on the circumstances. 

(2) Management of the inner pressure of tires 
It is highly probable that the damage of the tire in the accident was caused by the damage 

of the inner surface of the tire after running for a while after the inner surface of the tire 
contacted with the safety wheel at air pressure became extremely low. It is desirable to 
determine the minimum inner air pressure specifically in advance considering the 
characteristics of the tires against load, and replace tires when the inner pressure is not met 
the standard, in the inspection that measures the inner pressure of tires, since there is a 
possibility of contact between the inner surface of the tire and the outer diameter surface of 
the safety wheel at the minimum inner pressure specified by the vehicle manufacturer. 

(3) Introduction of the device to detect the puncture of tires 
It is desirable to introduce a puncture detection device in order to grasp the punctured 

situation in early stage, because it is probable that there is the case as could not be grasped 
the status visually if the crushed tire or the tilting of the vehicle body is suppressed by the 
safety wheel, when a tire was punctured. In addition, it is desirable to install a device to 
monitor the inner pressure of the tires by the onboard detection system, since it is necessary to 
stop the train immediately when the tire is damaged as in the accident, because it is highly 
probable that the vehicle derailed caused by the tilting of the vehicle body after the safety 
wheel were exposed and damaged due to the damage of the tire, in the accident. 

 
5.2. Measures Taken by the Railway Operator after the Accident 

(1) Urgent measures 
As the urgent measure, the company decided to implement the following items. 

(i) Crew members were requested to check visually the situation, tilting, of the vehicles 
before boarding, to find tire punctures in early stage. 

Furthermore, from the next day of the accident, it was made known well verbally in 
the roll call and visually by posted a document that to stop the train immediately if any 
unusual sounds, vibrations, or smells were detected during operation. 

(ii) Check the worn status of tires in the train inspection that implemented every 8 days. 
a. In addition to conduct more detailed checks, samples of tire deformation, were posted 

by the photographs at the sites where inspections are conducted, to facilitate judgment. 
b. The method, to check the worn status of the main grooves on the tire tread surface 

visually in the train inspections, was directed in the regular training. 
(iii) When abnormalities such as uneven wear, etc., are detected in the train inspections 

described in the above (ii), replace the tires immediately. 
(iv) Others, and thorough inspection of abnormal noises 



63 

Not only the train crews, but also the station staffs, i.e., the company staffs in the 
stations, are required to report immediately to the relevant authorities, if any unusual 
noise was noticed, and implement the inspection. 

(2) Measures to be taken in the vehicle inspections 
The position to measure the depth of the main grooves in the tire tread surface in the general 

inspections, the critical parts inspections, and the monthly inspections was changed as to 
measure all four main grooves, and record the values of the shallowest and the second 
shallowest grooves. Decided on October 10, 2019. 

(3) Review of tire replacement schedule 
Until now, the company's subcontractors, to whom the company entrusted the inspection and 

repair of the vehicles, had submitted only the time of the tire replacement to the review meeting 
and the company had been approved. However, after the measures, the subcontractor was asked 
to submit also the main groove depth measured by the subcontractor and the running distance 
to the review meeting, and the company approved the time of the tire replacement. Decided on 
July 19, 2019. 

(4) The other measures 
The company installed the devices to monitor the inner pressure of tires and temperature of 

tires by the onboard detecting devices in the "24 trainset" composed of the 2020 series 
vehicles, completed the running tests by the end of 2019, and started using them on February 
21, 2020. 

In the future, the company plans to start using the above devices in the trainset that have 
been remodeled, plus one new trainset, in sequence, and to start using the above devices in all 
trains by the end of FY2020. 

 
  



64 

Attached Figure 1. Topographic Map in around the Accident Site 
 

 
 
 
 

Attached Figure 2. Rough Map of Ina Line 
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Attached Figure 3. Plane View and Cross Section of the Track in around the Accident Site 
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Attached Figure 4. Damaged Stratus of the Vehicle at the Time of the Accident 
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Attached Figure 5. Major Track Damages and Fallen off Components 
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Attached Figure 6. Damaged Status of No.1 Tire of the Vehicle 
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Attached Figure 7. Damaged Status of No.2 Tire of the Vehicle 
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Attached Figure 8. Damaged Status of No.2 Safety Wheel of the Vehicle 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(1) Retrieved debris of the safety wheel of No. 2 running wheel 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

(2) Fastening status was checked for the bolts and nuts picked out 
from the debris in (1) 

 
  

Fastened status of bolts and nuts, 
checked refastening status by 

prearranged torque. 
No. Status 
(a) No problem 
(b) Due to body damage, moved 

about 3 mm from joint mark. 
(c) No problem 
(d) Due to body damage, moved 

about 2 mm from joint mark. 
(e) No problem 
(f) Unmeasurable due to body 

damage 
(g) Unmeasurable due to 

distortion 
(h) Unmeasurable 
(i) No problem 
(j) Unmeasurable 
(k) Unmeasurable 
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Attached Figure 9. Damaged Status of No.2 Wheel of the Vehicle 

 
 

 
(a) Damaged status of the wheels 

 
(b) Damaged status of the rim valve 
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Attached Figure 10. Status of Main Grooves of Tires in Each Vehicle of the Train 
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Attached Figure 11. Distorted Status of No.2 the Guide Arm of the Vehicle 
 

 

 
 
 
 

Attached Figure 12. Status of Cracks Generated in No.1 the Guide Arm of the  Vehicle 
 

 
  



74 

Attached Figure 13. Damaged Status of the Guide Wheel of the Vehicle 

 
(1) Damaged status of the Guide wheel No.2  

 

 
(2) Damaged status of the Guide wheel No.4 
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Attached Figure 14. Changes of Depth of Main Grooves on All Tires of the Trainset 
 

Units : Running distance after exchanged [km], Depth of main grooves [mm] 

Category & date of 
inspection 

Distance 
after ex 
changed 

1st vehicle, 2106 2nd vehicle, 2206 3rd vehicle, 2306 4th vehicle, 2406 5th vehicle, 2506  vehicle, 2606 

No.1 No.2 No.3 No.4 No.1 No.2 No.3 No.4 No.1 No.2 No.3 No.4 No.1 No.2 No.3 No.4 No.1 No.2 No.3 No.4 No.1 No.2 No.3 No.4 

Exchange new product 
Jun. 14, 2017  16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 

Monthly Inspection 
June 20, 2017 1,491 15.7 15.7 15.7 15.7 15.8 15.8 15.7 15.7 15.8 15.7 15.7 15.7 15.8 15.8 15.7 15.7 15.8 15.8 15.7 15.7 15.7 15.7 15.7 15.8 

Critical parts Inspec-
tion, Sept. 27, 2017 9,389 15.8 15.6 13.8 14.4 16.0 15.8 14.2 14.6 15.7 15.6 14.1 14.5 15.9 15.9 14.4 14.7 15.8 15.6 14.7 14.8 14.9 14.3 15.6 15.8 

Monthly Inspection 
Dec. 14, 2017 29,980 15.8 15.7 12.0 12.6 15.8 15.8 12.3 12.9 15.8 15.8 12.4 12.9 15.8 15.8 13.0 13.6 15.8 15.8 13.0 13.3 13.1 12.7 15.7 15.8 

Monthly Inspection 
Mar. 9, 2018 51,874 15.4 15.6 8.0 9.7 15.6 15.4 9.6 10.2 15.5 15.3 10.0 11.0 15.6 15.5 10.6 11.5 15.6 15.4 10.0 10.6 10.8 10.0 15.2 15.4 

Rotation 
Front 

67,486 
15.5 14.8 6.6 7.9 15.5 15.7 7.8 8.2 15.7 15.6 8.7 9.7 15.7 15.6 7.6 10.9 15.7 15.6 7.9 8.7 9.3 7.7 15.2 15.6 

Rear 6.6 7.8 15.5 14.8 7.8 8.2 15.5 15.7 8.7 9.7 15.7 15.6 7.6 10.9 15.7 15.6 7.9 8.7 15.7 15.6 15.2 15.6 9.3 7.7 

Monthly Inspection 
Jun. 5, 2018 75,374 6.5 8.2 13.7 14.1 8.6 9.1 14.6 14.2 8.0 9.5 14.5 14.3 9.2 10.5 14.6 14.7 8.5 9.7 14.8 14.7 14.3 14.2 9.2 7.3 

Monthly Inspection 
Aug. 28, 2018 102,243 6.2 7.7 9.0 9.7 8.4 9.3 10.0 11.0 7.6 10.0 10.9 11.2 9.4 10.0 10.7 11.5 8.6 9.5 10.4 11.0 10.5 10.6 9.1 8.6 

Extra inspection# 
Sept. 3, 2018 - 8.5 8.7 - - - -- - - - - - - - - - - - - - - - - -  

Monthly Inspection 
Nov. 20, 2018 127,929 7.7 8.7 5.8 7.0 8.5 9.3 6.6 9.1 7.8 8.9 7.7 8.7 8.5 9.6 8.8 9.4 8.8 9.3 7.2 7.0 7.4 7.8 8.9 8.4 

Extra inspection# 
Jan. 7, 2019 - 

- 
- 10.3 8.2 - - - - - 5.9 - - - - - - - - 6.2 - - - - - 

 accident 145,523  
   # No.1 and No.2, No.3 and No.4 of the 1st vehicle were exchanged by the used tires made by the tire maker A, on Sep. 3, 2018 and Jan. 7, 2019, respectively.  

Plan of exchange, Feb. 8, 2019 

# Rotation was implemented for the running wheels between No.1 and No.3, between No.2 and No.4, in each vehicle.                     Punctured    Broken 
# In the extra inspection on Jan. 7, 2019, only 4 tires with abnormal abrasion were replaced due to abnormal sound reported from the train crews. 

       : Pneumatic tires made by the tire maker A. 

       : Colored positions indicate the driving wheels. 
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Attached Figure 15. Worn Amount of the Tread in All Tires of the  Trainset 
 

Units : Running distance after exchanged [km], Depth of main grooves [mm] 

Category & date of 
inspection 

Distance 
between 
inspect. 

1st vehicle, 2106 2nd vehicle, 2206 3rd vehicle, 2306 4th vehicle, 2406 5th vehicle, 2506  vehicle, 2606 

No.1 No.2 No.3 No.4 No.1 No.2 No.3 No.4 No.1 No.2 No.3 No.4 No.1 No.2 No.3 No.4 No.1 No.2 No.3 No.4 No.1 No.2 No.3 No.4 

Monthly Inspection 
Jun. 20, 2017 1,491 0.3 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.3 0.3 0.3 0.2 0.2 0.3 0.3 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.2 

Critical parts Inspec-
tion, Sep. 27, 2017 7,898 (0.1) 0.1 1.9 1.3 (0.2) 0.0 1.5 1.1 0.1 0.1 1.6 1.2 (0.1) (0.1) 1.3 1.0 0.0 0.2 1.0 0.9 0.8 1.4 0.1 0.0 

Monthly Inspection 
Dec. 14, 2017 20,591 0.0 (0.1) 1.8 1.8 0.2 0.0 1.9 1.7 (0.1) (0.2) 1.7 1.6 0.1 0.1 1.4 1.1 0.0 (0.2) 1.7 1.5 1.8 1.6 (0.1) 0.0 

Monthly Inspection 
Mar. 9, 2018 21,894 0.4 0.1 4.0 2.9 0.2 0.4 2.7 2.7 0.3 0.5 2.4 1.9 0.2 0.3 2.4 2.1 0.2 0.4 3.0 2.7 2.3 2.7 0.5 0.4 

Rotation 
May 9, 2018 15,612 (0.1) 0.8 1.4 1.8 0.1 (0.3) 1.8 2.0 (0.2) (0.3) 1.3 1.3 (0.1) (0.1) 3.0 0.6 (0.1) (0.2) 2.1 1.9 1.5 2.3 0.0 (0.2) 

Monthly Inspection 
Jun. 5, 2018 7,888 0.1 (0.4) 1.8 0.7 (0.8) (0.9) 0.9 1.5 0.7 0.2 1.2 1.3 (1.6) 0.4 1.1 0.9 (0.6) (1.0) 0.9 0.9 0.9 1.4 0.1 0.4 

Monthly Inspection 
Aug. 28, 2018 26,869 0.3 0.5 4.7 4.4 0.2 (0.2) 4.8 3.2 0.4 (0.5) 3.6 3.1 (0.2) 0.5 3.9 3.2 (0.1) 0.2 4.4 3.7 3.8 3.6 0.1 (1.3) 

Monthly Inspection 
Nov. 20, 2018 25,686 - - 3.2 2.7 (0.1) 0.0 3.4 1.9 (0.2) 1.1 3.2 2.5 0.9 0.4 1.9 2.1 (0.2) 0.2 3.2 4.0 3.1 2.8 0.2 0.2 

Ave. worn amount per 
1,000 km in each part 

Acc. 
145,523 0.01 0.01 0.13 0.11 0.00 (0.01) 0.12 0.10 0.01 0.01 0.11 0.09 0.00 0.01 0.11 0.08 0.00 0.00 0.11 0.11 0.10 0.11 0.01 0.00 

       : Worn amount in the period of monthly inspection, every 3 months, by 3.0 mm or above and less than 4.0 mm. 
      : Worn amount in the period of monthly inspection, every 3 months, by 4.0 mm or above.                                        Punctured   Broken 
  # Numbers in the parentheses indicate the values that the remained groove depth did not change or increased compared to the previously measured values.  

        : Colored part shows the driving axle. 
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Attached Figure 16. Track Shape and Operating Status of Trains in around the Accident Site 
 

 
(1) Track shape in around accident site and operating status of the  train 

 

 
(2) Track around the accident site where the trainset ran on the day of the accident and status of 

the operation 
 
 
# The train performance curve in the above figures are the curves indicating the position, velocity, and time of the 

train, the velocity curves in the above figures show as that the distance as horizontal axis and the velocity in the 
vertical axis. The velocity limits, etc., corresponding to the place of curves or gradients, etc., were also indicated 
in these figures, in order to be used to draw up the operation timetable 

 


