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TABLES & FIGURES

Mode of Transport 1990 1995 1996 1997 1998 1990-1998
Road 932 1,146 1,152 1,206 1255 | +35%
Rail 255 221 | 220 238 241 | 6%
inland waterways 108 114 | 112 118 121 +12%
Pipelines 3 75 | 83 8 = 8 87 +17%
Sea (intra-EU) 922 = 1,071 1,076 @ 1,124 1167 +27%
Total | 2203 2635 2645 2770 2870  +25%

Figure 1: Evolution of the total volume of goods carried in the EU by mode of transport from 1990 to 1998 in
1,000 million tkm (EUROSTAT, 2000)
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Figure 2: Tank truck accident on August 29, 1998 in Zurich, Switzerland: 23,000 | of gasoline caught fire: the
driver was injured and 20 residents had to be evacuated (photo: Keystone)
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Accidents_ involving drivers of vehicles 1996 1997 1998 1909 2000

transporting hazardous substances

Accidents causing injury to people 358 338 319 291 279
with release of hazardous substances 31 44 36 38 35

Serious accidents causing material damage 157 148 118 143 98
with release of hazardous substances 17 18 17 14 17

Figure 3: Evolution of accidents involving drivers of vehicles transporting hazardous substances, broken down into
personal and material damage

with T : With
Hazard class mf::srw’f.i"g o i eral damag 1 g9
Nambar % Number “
1 Explosive materials 21 = = [} 1 16.7 %
g e R 2 2 | ean s
3 Flammable fluids 147 25 1.0 % 74 -] 122 %
4.1 Flammable solid materials 3 2 6.7 % 3 -
4.2 Spont. combustible materials 4 - - 4 1 25.0 %
43 Materials that genqm:aﬂammable i ] . : i .
gases in contact with water

5.1 Mats. that promote combustion 4 1 25.0% 2 =
5.2 Organic peroxide - - " - = "
8.1 Toxic materials 8 » - 3 - -
6.2 Materials causing infection - = x = =
7 Radicactive materials 1 - - * . =
8 Caustic materials 16 3 18.8 % 12 2 16.7 %
9 V:n'ois d:ngemus materials 14 , — 5 ) i
Miscéor}?;:;ir‘?‘?us materials and 41 3 73 % 19 1 53 %

Total 291 38 131 % 143 14 9.8 %

Figure 4: Accidents involving drivers of vehicles transporting hazardous substances for the year 1999, broken
down into the type of substances transported
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Figure 5: Accidents involving hazardous substances broken down into categories (top) and release of substances

(bottom)
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Figure 6: Liquid position and shift in the center of gravity during steady-state turning, for circular and rectangular
tanks (as per Winkler et al.., 2000)
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Figure 7: Rollover threshold in a steady and transient turn as a function of the percentage of unrestrained load (as
per Winkler et al., 2000)
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Figure 8: Schematic representation of local and global load initiation on tanks
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Figure 9: Schematic stress-strain diagram of aluminum alloy, structural steel and stainless steel (as per Ludwig and

Schulz-Forberg,

APPENDIX

1998)

Examples of actual tank truck accidents involving fire from 1996 through 2000 (GUNDL, 2001)

Location  of|Date of acci-|Details of accident

accident  (in|dent

Germany)

A 44 freeway,|Nov. 04, 1996 |A tank truck combination skidded, tipped over and remained lying across the free-

near Geseke way. A car was unable to brake in time and collided with the trailer. Leaking gasoline
ignited on the car engine. A large proportion of the load ran out and burmed; the
driver of the car died in the flames. The police suspects that the driver of the tank
truck combination had fallen asleep at the steering wheel for a few seconds and came
off the road on the right. When steered back in the opposite direction, the vehicle lost
its stability due to the surging gasoline in the chambers of the tank.

A 19 freeway,|Jan. 21, 1997 |A truck drove into a tank truck combination in a roadworks area. The gas/air mixture

near Ribel in the empty chambers of the tank ignited, and there was an explosion. The tank truck
combination and two other vehicles were gutted. The driver responsible for the acci-
dent and a car driver were killed.

Scharpzow, B|Jan. 16, 1998 |At traffic lights by roadworks, an empty tank truck combination drove into a line of]

104 traffic and pushed two cars into a truck. The tank truck combination than skidded
past the vehicles. The tank ripped open and the tank truck combination and front car
caught fire. One of the occupants of the car was killed, two others were seriously
injured.

A 81 freeway,|Mar. 26, 1998 |Due to the negligence of the driver. a tank truck combination crashed into a truck,

near Zuffen-
hausen

skidded another 100 meters or so and came to a standstill across the road. At impact
the tank ripped open and the truck tractor and leaking diesel caught fire. The vehicle
was completely gutted. Part of the load seeped into the ground.
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A 8 freeway.
near Pforz-

heim

Oct. 07, 1999

Within a roadworks area with two very narrow lanes, a tank truck combination came
off the road on the right on to the grass verge and drove into the end of a concrete
barrier at the right-hand edge of the road, all due to the negligence of the driver. The
tank truck combination then crashed into the concrete barrier dividing the road from
the oncoming traffic on the left. The momentum of the crash pushed in part of the
wall. The tank truck. the central chamber of which contained around 1,000 liters of]
light fuel oil, overturned and remained lying on the left. The empty tank trailer,
which had not been cleaned, came to a standstill, jutting out into the oncoming traffic
lane.

Leaking fuel. igniting on the hot engine which could not be switched off, set the tank
truck on fire and it was completely gutted. The light fuel oil contained in the tank
created a jet flame. The driver was able to get out of his cab through the shattered
windscreen and tried to put out the fire with a fire extinguisher.

A 73 freeway.
near Bamberg

Dec. 07, 1999

For unknown reasons. a tank truck combination loaded with roughly 28 tonnes of]
distilled grain spirit came off the road on the right. The tank trailer tore away from
the truck tractor, damaged the fuel tank and fell over in the ditch on the right. Around
500 liters of its load escaped. The truck tractor caught fire.

A 5 freeway,
near Freiburg-
Siid

Mar. 10, 2000

Coming from a parking lot, the driver of an articulated truck cut right into the inside
lane with his vehicle. presumably without using the full length of the acceleration
lane and without sufficient speed. A tank truck combination, which was overtaken by
a car on a level with the parking lot. crashed, probably without braking, head-on into
the articulated truck which skidded into the central crash barrier. The tank truck
combination, loaded with around 30 tonnes of gasoline and diesel, skidded and came
off the road on the right. The vehicle knocked over some trees, and the load immedi-
ately went up in flames. It is still unclear why the driver of the tank truck combina-
tion did not react on time and brake.

way, near|Apr. 19, 2000 |For unknown reasons, a tank truck combination loaded with roughly 35 cubic meters

Ohringen of gasoline and diesel drove into a slower truck driving in front of it. After the colli-
sion, the cab of the tank truck combination caught fire. The driver was able to get out
and tried in vain to put out the fire. The fire spread to the tank trailer and the tank
truck combination was completely gutted.

A 9 freeway,|Aug. 02, 2000 |Presumably due to a burst tire, a tank truck combination loaded with 30 cubic meters

near Hormers-
dorf

of diesel skidded, overturned and slid right over the three lanes. The load leaked and
caught fire. A large proportion of the diesel which escaped — around 25 cubic meters
and some of it burning — ran into the drains and a rainwater collecting tank.

The driver escaped from the vehicle and ran over the highway with his clothes on
fire. Other road users were able to smother these flames with a blanket. Two days
after the accident he died from his serious injuries.

A 1 freeway,
near
Hamm/Bergka
men

Oct. 10, 2000

For unknown reasons, a tank truck combination loaded with 28 cubic meters of gaso-
line and five cubic meters of diesel drove on to the left-hand lane while being over-
taken by a van. It is possible that the driver had fallen asleep at the steering wheel.
After colliding, both vehicles skidded. The six-chamber tank truck combination
broke through the right-hand crash barrier, drove on to the embankment and tipped
over. The vehicle caught fire and was completely gutted. Part of the load which es-
caped seeped into the ground and ran into the drains. The 41-year old driver was

killed in his cab by the fire.
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