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Level Crossing Derailments and near-Derailments involving Heavy Trucks, and Subsequent Safety Actions Taken
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Introduction

From 1997 to September 2007 there have been 172 level crossing accidents In Canada involving heavy trucks. Thirty two of the accidents (19 percent) resulted in derailments. Most of these derailments resulted in extensive property damage and, in some cases, train passenger injuries. Crossing accidents where heavy trucks are involved are normally far more serious than those involving lighter vehicles.


Over the last 10 years, the Transportation Safety Board of Canada (TSB) has investigated several accidents involving heavy trucks and freight or passenger trains. The paper will give the context of rail operations in Canada, followed by a condensation of three TSB level crossing accident investigation reports. Two of the accidents almost resulted in major derailments and one did actually result in a major derailment. Finally, the paper will describe several innovative actions which were taken by industry, the regulator and the TSB subsequent to these accidents, to attempt to mitigate the risk posed by the trucks and their operators, as well as the risks posed to first responders. 

Issues covered will relate to human factors, equipment design, inspection and maintenance, communications with third party organizations (first responders, road authorities, trucking media) and the effect of crossing geometry and signalization on risk.
Background

Two of the objectives of the Railway Safety Act of 1989 are to recognize the responsibility of railway companies in ensuring the safety of their operations; and to facilitate a modern, flexible and efficient regulatory scheme that will ensure the continuing enhancement of railway safety. Safety is therefore essentially the railway’s job, but Transport Canada, the rail regulator, has the role of overseeing the level of safety. Transport Canada does this by taking action to mitigate any risk identified by its regulatory monitoring and auditing. 
Accident investigations are done by an independent, no fault, no blame, multi-modal agency, the Transportation Safety Board of Canada (TSB). The TSB reports directly to Parliament, not to the Minister of Transport.

Canadian railways are primarily freight operations. The railways generate around 350 billion tonne kilometres of traffic annually. Over the last ten years Canadian freight traffic patterns have changed to more of a north-south orientation, reflecting increased trade with the USA and Mexico since the North American Free Trade Agreement came into effect. Previously, the majority of freight traffic was east-west across Canada. 
In comparison to freight, passenger rail operations are relatively light. For example, in 2005, VIA Rail, the national intercity operator, generated 920 million passenger miles over 12,500 miles of track. VIA operates around 500 trains per week. As far as commuter rail operations are concerned, the Toronto, Montreal and Vancouver areas carry a combined total of around 220,000 passengers per day.

Canada’s two major freight railways are Canadian National and Canadian Pacific, but there are also another 50 smaller, short line and regional railways. Both CN and CP are vertically integrated private companies and they own their own track infrastructure. VIA Rail, operates its passenger services primarily on CN track, but also owns several hundred kilometres of track. Maximum train speeds are 100 mph (160 km/h) for passenger trains and 65mph (104km/h) for freight trains.

In Canada, there are around 49,000 kilometres of track. In terms of rolling stock, there are approximately 3,200 locomotives and 100,000 railcars. Direct railway employment is 33, 000. Each year, there are around 160 main track derailments and 250 crossing accidents. 

Temperatures in most populated parts of Canada range from -35 to +35 degrees Celsius during a typical year. 
Case 1: Freight train Derailment, Firdale, Manitoba

This case involved a fatigued truck driver, who worked for a small trucking company, whose loaded tractor trailer was struck at a rural crossing in Firdale Manitoba in May 2002. The level crossing was typical of many in the prairies, except for a relatively steep (around 5 percent) grade on the approaches. Sight lines were adequate and there were stop signs and crossing signboards at the crossing. The driver had slowed on the approach to allow a school bus to pass, then drove ahead and crossed the tracks without looking or stopping. The driver of the truck did not respond to the train’s whistle and the train subsequently collided with the rear portion of the truck’s trailer and derailed.

The 5600 tonne Canadian National freight train, travelling at 80 km/h, derailed two locomotives and 21 freight cars after colliding with the truck. The collision occurred on CN’s single track main line to western Canada. During the derailment, four tank cars sustained multiple punctures and released their products. . The DG products included aromatic concentrate (UN 1993), with benzene and dicyclopentadiene being the primary constituents, and alpha olefin C6, with hexene (UN 2370) being the primary constituent. The products ignited and a large fire engulfed the derailed cars. A fibre-optic cable was severed and the Trans-Canada Highway was briefly closed. 156 people were evacuated from the vicinity of the derailment for two days. 

The fire burned for 2.5 days. No significant injuries were reported as a result of the accident or the ensuing emergency response. 580 personnel from 75 different companies, government agencies and fire departments attended the site.

Volunteer firefighters were deployed from two municipal fire departments. However, at the same time, a firefighter in the area had observed the large smoke plume and drove directly to the accident site without having been officially notified. Arriving on the scene, he climbed over the derailed cars to check the truck driver’s condition. A fire was in progress approximately 55 metres to the east. The firefighter was not wearing any personal protective equipment. Fortunately, he did not suffer any long term effects from his exposure to the products that were burning.

The firefighter was trained to the national Fire Fighter Level I standard and as a responder to hazardous materials (dangerous goods, or DG,) incidents. However, he had neither received refresher DG training nor responded to a rail DG incident since his initial training approximately six years prior to the accident.

Board Findings

The Board’s findings as to causes were that the accident occurred when the truck driver proceeded over the crossing without hearing the train whistle and without stopping at the stop sign or looking in both directions for approaching trains. The train struck the truck and subsequently derailed. Because the truck driver had slept for only 30 minutes in the previous 19 hours, it was possible that fatigue had affected the truck driver’s ability to safely negotiate the crossing.

Other findings were that: 


Inadequate training material on railway crossing safety in most provincial professional driver training manuals increases the risk that professional drivers will remain unaware of the risks associated with negotiating heavy trucks over public passive railway crossings; and 


Emergency response personnel may not be provided with sufficient training to be aware of the risks associated with the rail transportation of dangerous goods (DG). The lack of refresher training for DG emergency responders, specifically relating to rail DG accidents, increases the risk for serious consequences during the response. 

Safety action taken

The railway company met with the municipality in which the accident occurred and they both agreed to remove potential obstructions to further improve the crossing sight-lines.

The municipality reduced the roadway approach gradients to the crossing and erected advance warning signage on the road to warn of the presence of a rail crossing.

Transport Canada’s 1994 Commercial Vehicle Drivers Hours of Service Regulations, were repealed and replaced in January 2007 with the Commercial Vehicle Drivers Hours of Service Regulations. The main objective of the new regulations was to reduce the risk of fatigue-related accidents by providing drivers with the opportunity to obtain additional rest. The new regulations reduced the complexity of the rules by reducing the number of cycles and eliminating options to reduce off-duty time. 

Board Recommendations

There were also two Board recommendations in the TSB’s final investigation report, which were that:

Transport Canada, in consultation with the provinces and the trucking industry, review and update, as necessary, educational and training material for drivers with respect to the risks associated with a heavy vehicle negotiating a public passive railway crossing; and


Transport Canada, in consultation with other federal, provincial, and municipal agencies, implement consistent training requirements that ensure emergency first responders remain competent to respond to rail accidents involving dangerous goods.

In the former case, the regulator contacted its provincial counterparts and the TSB also wrote to the provinces and territories encouraging them to take action. As a result, in six cases, changes were made to improve the quality and amount of information in drivers’ manuals and training material. 

Despite this safety action, TSB obtained information that awareness programs on level crossing safety was not reaching small trucking companies and independent truck drivers. Therefore it was decided to write a one page article for the trucking newspapers that are typically distributed at truck stops on main highways. 
In the case of the second recommendation, Transport Canada requested that provincial and territorial representatives review the report and give serious consideration to it. The responses were positive. The regulator also produced new brochures for first responders as well as a video on the response to and prevention of Boiling Liquid Expanding Vapour Explosions.

Case 2, Collision of Passenger Train with a Tractor Trailer, Kingston, Ontario

On 13 May 2002, a VIA Rail Canada passenger train, travelling at 124 km/h struck a loaded tractor-trailer at a public crossing in Kingston, Ontario. The tractor-trailer, which was carrying an 11-tonne hydraulic excavator, was struck by the front of the locomotive between the rear axle and the front portion of the trailer. The excavator slid off the trailer, and struck and demolished one of the crossing signal masts. The 270 kg connecting arm (gooseneck) attaching the trailer to the tractor was torn off and thrown approximately 68 m. The train finally came to a stop 820 m east of the crossing.

The two truck occupants had exited the tractor before impact and escaped unharmed. The locomotive engineer suffered minor injuries. Fortunately, despite the high impact speed, the train did not derail and no passengers or on-board train service crew were injured.

In the vicinity of the accident, the railway consisted of two main tracks. The level crossing was located in a superelevated (banked) section of track with one-degree horizontal curvature. 

The crossing was equipped with flashing light signals, automatic half barriers and a bell. An emergency 1-800 number was marked on the crossing sign. The crossing angle was approximately 80 degrees. 

Approximately 30 freight trains and 24 passenger trains operate over the tracks on a daily basis. The rail line is one of the most heavily travelled and highest-speed lines in Canada.

In 2002, it was estimated that there were somewhere between 3000 and 9000 gooseneck or “low-boy” trailers in the province of Ontario. Although the minimum vertical ground clearance of this type of trailer varies by each particular design, it is by nature low. The purpose is to maximize vertical distance between the trailer floor and any potential overhead obstruction, and to facilitate loading of equipment without the need for ramps and/or blocking of the trailer. The design clearance above grade for the underside of the loaded trailer involved in the accident was 17.8 cm minimum.

The trailer involved was a 1976, 48-foot, trailer. It had passed an annual government inspection the previous month. The driver had been operating heavy trucks, including tractor-trailers, for approximately 13 years. However, the low-boy trailer was new to his fleet. He had not previously hauled the trailer over the particular crossing, although he was familiar with it. His plan was to perform some earthmoving work just north of the rail tracks. He chose a circuitous route to unload the excavator on the east side of the road specifically to avoid having to use a flagperson to move the excavator across the road to the work site. That would also have resulted in damage to the asphalt road surface. The chosen routing involved crossing the tracks twice. 

The 2002 traffic volume for the two-lane arterial road was around 4,000 vehicles per day; no data were available to indicate the proportion of heavy vehicles. The speed limit was 50 km/h. Due to the banking of the railway tracks and the gradient of the roadway, a hump was created at the south crossing surface in the south-to-north direction. The hump was such that, over a horizontal distance of 60 feet (18m), crossing elevation dropped approximately 30 inches (76 cm). Road gradient on the north side of the track was a 2.4 per cent ascending grade. Signage on both the north and south approaches consisted of a railway crossing advance warning sign, depicting a single set of railway tracks. A pictorial bump warning sign was installed on the same sign posts. There was another bump sign immediately before the crossing. The crossing was below the regulator’s (Transport Canada’s) requirements for maximum crossing gradient.

On the approach to the road crossing, the driver reduced his speed, taking the uneven surface into consideration when preparing to negotiate the crossing. While on the crossing, the trailer bottom made contact with the road surface, the tractor came to a stop and the driver and passenger exited the cab. His passenger warned a following vehicle to stay back, but then saw the crossing signals commence operation, and he ran to the north-west side of the crossing. Neither vehicle occupant had noticed the 1-800 emergency number marked on the crossing signboard. 

At the time of the accident, Transport Canada had been developing new, comprehensive regulations. The draft regulations and their related technical manual presented far more detail on crossing design than exists in current requirements. Although the technical standard outlined design issues for heavy equipment, it was silent on minimum ground clearances. However, there were details regarding superelevated track for new crossings. The technical manual recommends that the difference between the gradient of the grade crossing surface on superelevated track and the gradient of the adjacent road shall not exceed the limits specified in Transport Canada’s Geometric Design Guide.” These guidelines state that every effort should be made to avoid construction of crossings at such locations and, if this is not practicable, to include measures that will mitigate their effect on the crossings’ safety. The guide does state that the vertical alignment should produce acceptable geometry necessary to prevent low-clearance vehicles from becoming caught on the tracks.

There was no record of any previous accident at the crossing.

Simulation

As part of the investigation, the TSB conducted a simulation at the crossing using a similar tractor-trailer (low-boy) loaded with a similar trailer to the one involved in the accident. There was a need for negotiation with the railway company to give TSB track time in order to do the simulation, which was deemed necessary in order to understand how the vehicle would have grounded-out. However, agreement was reached and the simulation proceeded. The process was initiated and completed (police roadblocks, home accesses blocked, event simulation) in 45 minutes. 

The truck operator hired to do the simulation was instructed to drive over the crossing in both directions, with the trailer at the normal driving height, and being prepared to stop on command. In both directions, the trailer made contact and came to a stop on the asphalt roadway surface south of the railway tracks. It was subsequently only able to proceed after the trailer was raised. In both directions, the tractor-trailer combination was foul of both main tracks.

The TSB concluded, as a result of this simulation, that there was nothing unique about the vehicle involved in the accident that would have differentiated it from the thousands of other similar vehicles travelling on North American roadways. The trailer’s ground clearance and wheelbase were typical for gooseneck trailers.

Board Findings

The TSB’s conclusions in this accident were that:


The accident occurred when the train struck the immobilized trailer at a crossing where low clearance trailers had a high probability of grounding out;


The combination of the irregularity of the surface profile, formed by the intersection of the two superelevated tracks through the road’s vertical curvature, created a hazard for low-clearance trailers and, in this case, the loaded trailer hung-up;

Although there were bump signs, there was no clear indication that the crossing would present a risk to low-clearance vehicles; and

The truck operator, who was unfamiliar with the clearance capabilities of the low-boy trailer, chose a sub-optimal route to his intended destination and crossed the Kingston Subdivision twice en route to his destination.

The Board also made a finding as to risk posed by the thousands of low-boy trailers on the Canadian highway network, which, combined with the number of crossings where tracks are superelevated, presents a risk of trucks becoming immobilized at crossings with the resulting risk of collision and derailment of trains.

Safety Action Taken

As a result of this occurrence, the TSB issued a safety advisory letter to regulatory and municipal agents informing them of the risks associated with low-boy trailers with minimal clearance at the specific crossing where the accident occurred. The possibility of hazards involving other crossings with similar alignment and operating conditions was also noted.

CN, Transport Canada and the local road authority met to discuss the safety issues related to low-clearance vehicular traffic at this crossing. Subsequent to the meeting, the road authority installed signs restricting movement of any low-boy trailers along Coronation Boulevard.

CN added contact information to its corporate Web site to allow operators of low-clearance equipment to review routings that include the need to traverse CN crossings and to arrange for special flagging protection where required. 
A draft version of the Canadian Road/Railway Grade Crossing Safety Assessment Guide was completed in July 2002. This guide assists road and rail authorities in conducting detailed safety assessments as required by the proposed grade crossing regulations. 

Finally, Transport Canada’s research arm, the Transportation Development Centre, initiated discussions with the Ontario Ministry of Transportation to discuss the issue of low clearance heavy vehicles and possible research in that area.

Case 3, Collision of Passenger Train with 10 tonne dump truck, Munster, Ontario

In June 2004, a VIA Rail passenger train travelling at 150 km/h en route from Ottawa to Toronto, struck an empty 10-tonne dump truck at a public crossing in Munster. The truck was destroyed, and the driver was fatally injured. There were no injuries to the passengers or crew on the train.

As the train was approaching the level crossing, the crew observed the truck enter the crossing without stopping. The train brakes were placed in emergency but the truck was struck on the passenger-side door, just ahead of the truck box. The truck was propelled into a ditch, west of the crossing.

The locomotive had sustained substantial mechanical damage, including damage to the locomotive snowplough/pilot, side sill frame, side doors, and electrical cabling. Post-accident examination revealed that the north rail at the crossing had shifted approximately 1½ inches (4 cm) to the field side, as a result of the collision force. 

The train, which consisted of one locomotive and three passenger coaches, weighed approximately 260 tonnes.

The train horn was mounted on the top of the locomotive body, midway between the front and rear of the locomotive.

There were typically 10 passenger trains using this track, the Smiths Falls Subdivision, daily between 0600 and 2200. There were not normally any freight traffic movements over this particular crossing. The single main track at the crossing was tangent, with a level grade. 

The road on which the accident occurred was a two-lane, undivided gravel road, used primarily by local residents. Vehicle traffic was very low, at approximately 10 vehicles per day. The allowable speed for vehicles on this road was up to 50 km/h.

The crossing was equipped with standard reflectorized crossing signs. On both approaches, just before the crossing, there was a sharp right-hand curve in the road. The road intersected the track at an angle of 52 degrees to the right side of an approaching northbound vehicle. The terrain approaching the crossing from the south was initially level, then changed to a 4.55 per cent ascending grade at the crossing within 16 m of the track.

Advance warning signs had been installed in 1992 on the crossing approaches. These three signs indicated, sequentially: “Restricted Visibility”, “Be Prepared to Stop”, and “Stop Before Crossing” (see Figure). The signs were intended as interim advisory measures, which were to be removed once a permanent improvement to the crossing was made. These warning signs are not regulatory signs, in that they are not enforceable. They had been installed for over 10 years.

The locomotive event recorder download revealed that, approximately one second before the collision, the train brakes were placed into emergency. The locomotive horn, commonly referred to as the whistle, had been sounded for approximately 10 seconds before entering the crossing. The locomotive’s two headlights and two ditch lights were illuminated.

The truck was a 1989 Ford LNT 8000 dump truck, owned by a local excavation company. Its empty weight was approximately 10,600 kg. The truck driver was licensed to operate a truck of this type. Most commercial trucks such as the one in this accident are not designed to have rear window views, and rely on side mirrors only. A post-accident examination of the truck revealed that:

•
it was travelling at 16 km/h at the time of impact;


•
there was no conclusive evidence to determine whether the heater/air 



conditioning fan switch was in the ON or OFF position.


•
 the radio was on, with the volume knob set at the lowest position;


•
the driver-side window was fully down; and


•
the passenger-side window had been closed, based on the fact that glass fragments were found in the rubber strip along all three sides (that is, top, front, and rear) of the window.

The road crossing installation met the requirements of the existing Transport Canada regulations governing the construction of such crossings. There was no requirement for a minimum allowable crossing angle.

However, the Department’s more recent draft technical manual suggested that:


•
a crossing angle should not be less than 70 degrees; and


•
 where there are inadequate sight-lines, stop signs shall be installed.

At the time of the accident, there were 18 public crossings with active crossing protection and seven public passive crossings on this line. Five of the passive crossings intersected the track at a 70-degree angle or less. The TSB occurrence database contains a record of 15 public crossing accidents on the Smiths Falls Subdivision between 1983 and 2004. Eight of these accidents occurred at public crossings with active crossing protection; seven occurred at passively protected public crossings.

The accidents at public passive crossings occurred at three different locations (some sustaining more than one accident). The crossing angle was less than 70 degrees in these three cases. For an approaching driver, two of these crossings intersected the track with the acute angle to the right side of the vehicle, and one to the left side. 

On-site Simulation of Crossing Accident

The TSB Engineering Laboratory performed an on-site simulation of the accident (report LP 091/2004). The simulation and related field measurements determined that:


•
for a driver of this style of Ford truck, travelling north, a westward train would only 
be visible when the train was approximately 200 feet (61 m) from the crossing; 


•
 the average ambient noise level in the cab of this style of truck, with the driver-side 
window down and the passenger-side window up, while moving was 
approximately 76 dBA;


•
as the VIA train entered the crossing, the peak sound level of a VIA train, travelling 
at 93 mph with the train horn being sounded, was approximately 91 dBA, as 
measured from inside the operating compartment of the stopped dump truck, and 
100 dBA when measured from outside;


•
when the sound profile of the approaching VIA train was overlaid on the sound profile of the ambient noise in the truck cab, it was determined that the sound level of the locomotive horn would only exceed the ambient noise in the truck cab at a perceptible level for approximately one second before the train entered the crossing; and


•
it took approximately four to five seconds for a truck moving at 16 km/h to clear the crossing.

TSB Communications

The TSB issued a Rail Safety Information Letter to Transport Canada in December 2004, indicating that the acute angle of the crossing, combined with the lack of automated warning devices, resulted in a situation where trucks, and other vehicles in which the rear window is obstructed, may attempt to cross the track unaware of, and unable to see, an approaching train.

The TSB’s Engineering Laboratory developed a series of animations to assess the effect of the driver’s view to the east and to assess the effect of changing the crossing angle.  

Board Findings

The Board’s Findings as to Causes and Contributing Factors were that:

Without having sufficient visual or auditory cues of the approaching train, the driver drove onto the crossing and the truck was struck by the train;

The acute angle of the crossing, in combination with the lack of a rear window view, prevented the driver from observing the approaching train.

With normal ambient noise inside the truck, the train horn was only audible to the driver for approximately one second before the train entered the crossing.

The Board’s Findings as to Risk were that:

The lack of improved regulatory requirements for acute-angled passive railway crossings presents a risk that highway drivers will not be given adequate warning of an approaching train.

At acute-angled crossings with characteristics similar to Kettles Road, there is no easy way for drivers of any vehicle without a view to the rear to ensure it is safe to negotiate the crossing.

When highway vehicles have high internal ambient noise, the locomotive horn does not provide an effective warning of an approaching train.

When a train horn is installed mid-locomotive, the horn is not positioned for maximum forward sound projection, increasing the risk that vehicle drivers at crossings will not hear the horn.

When high-speed passenger trains operate over passive public crossings where vehicle operators have restricted visibility, drivers must stop to check whether it is safe to cross. To reduce the risk of collisions and derailments, the Ministry of Transportation of Ontario scheme 2 advance warning signs may not adequately direct drivers to stop.

The assessment of crossing sight-lines using only an automobile as the design vehicle may overlook certain sight-line deficiencies.

Safety Action 

Following receipt of TSB’s Safety Information Letter, meetings were held between Transport Canada, the City of Ottawa, and VIA to discuss possible enhancements to the crossing. As a result of these meetings, the City of Ottawa retained a consulting company to undertake an environmental screening and preliminary design for the railway crossing. The proposed design included an improved intersection angle, road profile, asphalt surface, elimination of one private rail crossing, and the installation of railway crossing signals, bells, and short-arm gates. There was a change to the placement of advanced warning signs and stop signs. The crossing was widened and paved, sight-lines were improved, and the intersection angle was modified to 70 degrees. Installation of an automated crossing warning system consisting of flashing lights, bell, and gates took place in 2006. 

With respect to train horn audibility and related limitations, Transport Canada is continuing research on this issue with the railway industry.

Regarding warning systems, Transport Canada, in collaboration with two provincial Departments of Transportation, initiated low-cost warning system research projects.  This has resulted in plans for tests of various low cost signal systems, including the uses of LED signals, sonar and solar power. 

Additionally, with respect to visibility from truck cabs , staff of the Motor Vehicle Safety Directorate of Transport Canada contacted TSB staff to discuss they had ongoing research into blind spots for truck drivers and they considered incorporating this latest information into their research.

Discussion and Conclusions

It is interesting and perhaps surprising that only one of these three accidents resulted in a derailment.   Considering the cases of the two non-derailed trains, travelling at high speeds and the masses of the trucks that they struck, it is very fortunate that the passenger trains stayed on the track and no passengers were seriously injured.  

After each of these three accidents, significant safety actions were taken by a variety of organizations. In all cases, there were some approaches that might be considered by many as innovative, including: on-site simulations, laboratory animations, new communications approaches and regulatory research and development initiatives.  Areas such as research into low cost level crossing signal systems and ways to improve vehicle drivers’ views to the outside of their vehicles were all fertile areas for exploration. 

It is clearly not possible to confirm , and it would be presumptuous to believe, that all safety actions taken by industry or third parties were precipitated solely by the results of these TSB investigations.  However, it can reasonably be argued that the findings from these investigations and other safety communications initiatives did raise awareness of safety issues and helped third parties to make some advances, whether in physical improvements to crossings, or in communications and research.  

The safety actions described were taken by industry, and various levels of government (federal, provincial and local), and there was a high level of consultation between those parties prior to actions being taken.   

Safety innovation does not always occur quickly, as there are always competing projects for expenditure at all levels of government and in industry.  In the three cases described, while some safety actions were taken quickly by industry, the road authority and the regulator, other, potential actions were only in the planning or discussion stages.  The results from TSB’s communications efforts almost five years after the 2002 Firdale accident do indicate that follow-up is worthwhile, as is the idea  of using a new media segment (trucking newspapers) that had not been used for that purpose before.  There is always value in making contact with new potential agents of change and communicating safety information.

This report demonstrates that, after an accident, quick action may be taken.  Conversely, at other times, or regarding specific related issues, it may take several years to get any safety action.  Whatever the case, a compelling argument has to be made that a significant risk exists, and that argument has to be understood by the agents of change.  Communications between organizations on mutual safety concerns is to be encouraged.  Sometimes the way to advance transportation safety awareness is repetition of the messages in order to translate the possibility of safety action into reality.

