
Local Phenomenon No. 01:    Extreme wind 

Hazard category:    Meteorological hazards 

Description: 
Wind is the movement of air and is classified by its spatial scale, its velocity, the direction from 
which it is blowing, the type of force that causes the wind, the region in which it occurs, and the 
effect or destructiveness. 
Extreme  wind  (>  8  on  the  Beaufort  scale  or  >  75  km/h)  can  cause  devastating  damage  by 
toppling trees or poles or by structurally damaging or even destroying buildings. In addition, high 
wind speeds can also influence traffic flow by crosswind effects. 
In principle, wind  is generated by differences  in  the atmospheric pressure, whereby air moves 
from  the  higher  to  the  lower  pressure  area.  Large‐scale  winds  are  mainly  caused  by  the 
differential heating between the equator and the poles and the rotation of the planet. However, 
local wind systems are often also driven by different heating effects like sea and land or valleys 
and slopes. Topographic effects of e.g. valleys, mountains and passes can also deflect the moving 
air  thus  giving  rise  to  local  wind  systems.  Large  rotating  columns  of  air  can  occur  within 
thunderstorm  cells  (vortex  or  tornadoes) which  could  lead  locally  to  very  high wind  speeds 
(sometimes exceeding 300 km/h).  
Strong  winds  of  short  duration  (a  few  seconds)  are  termed  gusts  and  strong  winds  of 
intermediate duration (around one minute) are termed squalls.  
Additional  information:  Areas  particularly  affected  by  large‐scale  or  local wind  systems, with 
common  tornado  activity  or major  storm  paths  are  identified  by  national  weather  services. 
Further  information  can be  interpreted  from building  codes  retrieved  from databases  like  the 
European  Severe  Weather  Database.  Different  private  initiatives  like  storm  hunters  and 
information platforms like Skywarn Austria and Skywarn Germany are also reliable data sources. 
 

Triggering events: 

 Local wind system (e.g. Föhn, Bora) 

 Thunderstorm 
 

 

 Tornado 

 Cyclonic storm 
 

Initial event for: 
Snow drift, Sand drift, Storm surge, Icing, Sandstorm, Avalanche, Toppled trees 

 

Relevance for: 
‐ Bridges 
‐ Embankments 
‐ Cuts 
‐ Tunnels 

 
 
 
 
 
 
 

Main effects on infrastructure:  
Some structural types of bridges are very sensitive to strong winds (e.g. 
suspension  bridges)  which  can  induce  large  displacements  and 
vibrations, leading to a temporary bridge closure. 
The  traffic  flow  can  also be directly  affected by  strong winds  that  can 
induce accidents or disruption of the service. 
Catenary and signalling systems can also be damaged by strong winds. 
Strong  winds  can  affect  the  ventilation  system  of  tunnels,  making  a 
temporary tunnel closure necessary. 
 

Measures: Improve track signalling resilience; Seawalls; Wind barrier 
Reinforce supports for catenary systems; Vegetation management plan 
 

 



Local Phenomenon No. 02:  Extreme rainfall 

Hazard category:  Meteorological hazards 

Description: 
Rainfall is liquid water in the form of droplets that have condensed from atmospheric water vapour and 
become heavy enough to fall to the ground under gravity.  
Rainfall can become extreme either because large amounts of precipitation fall on an area over a long period 
of time or because the intensity of the precipitation event is very high. Both of these cases can lead to several 
natural hazards including avalanches, debris flow, landslides, rock fall, and floods. 
Generally, there are three distinct types of rainfall – stratiform, convective and orographic precipitation. All 
these three are associated with ascending air, which then cools down and water vapour condenses.  
Stratiform rainfall is caused by frontal systems surrounding low pressure systems, when warm air meets and 
overrides colder air (warm fronts) and is forced to rise. Stratiform precipitation is mostly not that intense but 
can lead to large amounts of precipitation over time because of its long-lasting character. Convective rainfall 
occurs when warm air, heated by radiation, ascends or when cold air masses push under warmer air 
(thunderstorm, cold fronts, etc.) forcing it to rise. Convective precipitation is generally more intense, of shorter 
duration and more localized than stratiform precipitation. Orographic or relief precipitation occurs when 
masses of air are forced up the side of elevated land formations, such as large mountains. Orographic rainfall 
can locally result in large amounts of precipitation. 
Additional information: Most of the national hydrological services publish hydrological atlases containing mean 
precipitation distribution maps, precipitation intensities of design events, and maps of the highest amounts of 
measured precipitation. Those atlases are updated regularly. 
 

Triggering events: 

 Cyclonic storm 

 Relief rainfall 
 

 

 Convective rainfall (cold fronts, thunderstorms, etc.) 

 Warm fronts 
 

Initial event for: 
Soil liquefaction, Avalanches, Debris flow, Shallow landslides, Deep-seated landslides, Rock fall, Rock collapse, 
River flood and lake overflow, Flash flood, Urban flood, Groundwater flood 

 

Relevance for: 
- Embankments 

- Cuts 
- Tunnels  

 
 
 
 
 
 
 

Main effects on infrastructure:  
Extreme rainfall can result in out-of-service time due to the unavailability to users (e.g. 
local floods where drainage capacity is insufficient or the disruption of electrical 
systems). 
 

Measures: 
- Improve drainage system 
- Use porous asphalt as road surface 

pavement 
- Use selected granular soils 

(embankments) 
- Protect surface against erosion 

 

Picture/scratch:  
 

 
 



Local Phenomenon No. 03:  Extreme snowfall 

Hazard category:  Meteorological hazards 

Description: 
Snowfall is solid water in the form of flakes of crystalline water ice that have condensed from atmospheric 
water vapour and become heavy enough to fall to the ground under gravity.  
Snowfall can become extreme either because large amounts of snow fall on an area over a long period or 
because the intensity of the snowfall event is very high. Both of these cases can lead to several natural hazards 
including avalanches, snow drift or snow load. Intense snowfall can also influence the traffic flow by 
decreasing the visibility or increasing the risk of skidding. 
As with rainfall, there are three distinct ways that snow can occur – stratiform, convective or orographic 
precipitation. All these three are associated with ascending air, which then cools down and water vapour 
condenses.  
Stratiform snowfall is caused by frontal systems surrounding low pressure systems, when warm air meets and 
overrides colder air (warm fronts) and is forced to rise. Stratiform precipitation is mostly not that intense but 
can lead to large amounts of precipitation over time because of its long-lasting character. Convective snowfall 
occurs when warm air, heated by radiation, ascends or when cold air masses push under warmer air 
(thunderstorm, cold fronts, etc.) forcing it to ascend. Convective precipitation is generally more intense, of 
shorter duration and more localized than stratiform precipitation.  Orographic or relief snowfall occurs when 
masses of air are forced up the side of elevated land formations, such as large mountains. Orographic 
precipitation can locally result in large amounts of snow.  
Additional information: Further regional and local information can be interpreted from building code guidance 
on snow loads. 

Triggering events: 

 Cyclonic storm 

 Relief rainfall 
 

 

 Convective rainfall (cold fronts, thunderstorms, etc.) 

 Warm fronts 
 

Initial event for: 
Toppled trees 
 

Relevance for: 
- Bridges 
- Embankments 
- Cuts 

 
 
 
 
 
 
 

Main effects on infrastructure:  
Snow can obstruct the cross section of roads and railways. In the case of 
railways, it can also clog signals and switches. 
 

Measures: 
- Protect rail switches with snow and ice covers 

and switch heating  
- Service vehicles for winter conditions;  
- Snow fence  
- Use signalling systems without visual signals 

along the track (ETCS Level 2 and above)  
- Use anti-icing/de-icing chemicals 
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Local Phenomenon No. 04:  Snow drift 

Hazard category:  Meteorological hazards 

Description: 
Snow drift is the process whereby deposited snow crystals are transported (and re-deposited) by 
wind. Significant re-deposition of snow starts for loose snow driven by wind at speeds greater 
than about 20 km/h and greater than 40 km/h for denser snow. Three main processes take 
place: rolling, saltation and suspension. During transport, the snow crystals are mechanically 
destroyed and snow crystal size decreases considerably. Depending on the height of the 
transported snow above the snowpack surface, two classes of snow re-deposition are possible: 
snow drifting (below 2 m) and snow blowing (above 2 m). 
Drifting and blowing snow usually forms a dense layer deposited on lee slopes, often with brittle, 
fragile bonding. This can significantly increase the danger of avalanche in the accumulation areas 
(see Factsheet no. 23).  
 

Disposition criterion: 

Accumulation of loose snow in the nearby 
area 
 

Triggering events: 
Wind speed of more than approx. 20 km/h 

Initial event for: 
Avalanche, Collapse, Blocking 
 

Relevance for: 
- Embankments 
- Cuts 

 
 
 
 
 
 
 

Main effects on infrastructure:  
Snow drift can obstruct the cross section of roads and railways. In the 
case of railways, it can also clog signals and switches. 
 

Measures: 
- Protect rail switches with 

snow and ice covers and 
switch heating 

- Service vehicles for winter 
conditions 

- Snow fence 
- Use signalling systems 

without visual signals along 
the track (ETCS Level 2 and 
above) 

- Use anti-icing/de-icing 
chemicals 

- Snow fence 
- Wind baffle 
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Local Phenomenon No. 05:  Sand drift 

Hazard category:  Meteorological hazards 

Description: 
Sand drift is the process whereby sand grains are transported (re-deposited) by wind. Significant 
re-deposition of sand starts at wind speeds greater than about 20 km/h. Three main processes 
take place: rolling, saltation and suspension. Depending on the height of the transported sand 
above the surface, two classes of sand re-deposition are possible: sand drifting (below 2 m) and 
sand blowing (above 2 m). 
 

Disposition criteria: 

Accumulation of loose sand in the nearby 
area 
 

Triggering events: 
Wind speed of more than approx. 20 km/h 

Initial event for: 
Blocking, Collapse 

 

Relevance for: 
- Embankments 
- Cuts 

 
 
 
 
 
 
 

Main effects on infrastructure:  
Drifting and blowing sand can influence the traffic flow by decreasing the 
visibility or blocking roads or rails by accumulating large amounts of 
sand. In the case of railways, it can also clog signals and switches. 
Another possible effect is the deposition of sand grains in the drainage 
system, thus reducing its capacity. 
 

Measures: 
- Sand fence 
- Wind break 
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Local Phenomenon No. 06:  Storm surge 

Hazard category:  Meteorological hazards 

Description: 
A storm surge is a coastal flood or tsunami-like phenomenon commonly associated with low 
pressure weather systems such as cyclonic storms. The water level in correspondence with 
storm surges is mostly altered by the pressure effect and the direct wind effect, with the wind 
effect clearly dominating. Pressure effect: caused by the low pressure within cyclonic storm 
systems the water level in the open ocean rises. Direct wind effect: the impact of strong winds 
on a water surface causes a phenomenon called "wind set-up", which is the tendency for water 
levels to increase at the downwind shore and to decrease at the upwind shore. 
The magnitude of storm surge events could be amplified additionally by the Earth’s rotation, the 
effect of waves and the amount of rainfall in estuaries. However, the height of the surge is 
affected by the configuration and bathymetry of the ocean bottom – a shallow continental shelf 
produces thereby a greater storm surge than a steeper one. 
Apart from a rise in water level (flooding), storm surges can cause eroding currents created by 
the combination of tides and waves. 
 

Disposition criteria: 
Coastal areas with shallow continental shelf 

 

Initial event for:  

Flood 

 

Relevance for: 
- Bridges 
- Embankments 
- Cuts 
- Tunnels 
- Centralized 

systems 

 

 
 
 
 
 
 
 

Main effects on infrastructure:  
A storm surge can obstruct roads and railways by flooding. Infrastructure 
can be damaged by hydro-mechanic pressure or erosion forces. Tunnels 
can be damaged by hydro-mechanical pressure on the lining. Water 
ingress at the tunnel portals can lead to obstruction and damage 
operational equipment (ventilation, lighting, signalling, emergency exits 
etc.) 
 

Measures: 
- Flood barrier 
- Seawalls 
- Riprap protection for pillars, abutments 

(bridges) and embankments 
 

 
- Wind barrier 
- Reinforce supports for catenary system 
- Improve track signalling resilience 
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Local Phenomenon No. 07:  Icing 

Hazard category:  Meteorological hazards 

Description: 
Icing occurs when water droplets freeze on objects they come into contact with. Principally, 
there are two ways that icing can occur, first, if normally tempered water droplets (> 0°C) come 
in contact with cold objects (< 0°C), second, if supercooled water droplets (< 0°C) come in 
contact with normally tempered objects (> 0°C).  
 

Triggering events: 
Strong wind, low temperatures and rain or fog 

 

Initial event for: 
Toppled trees, Blocking, Collapse, Blackout 

 

Relevance for: 
- Bridges 
- Embankments 
- Cuts 
 

 
 
 
 
 
 
 

Main effects on infrastructure:  
Icing can lead to slippery road conditions. In the case of railways, it can 
coat catenary wires, especially on routes with less traffic. This can put 
the catenary system temporarily out of service or even destroy it (static 
overloading). Communication wires can be affected, too. Moreover, icing 
can clog switches and signals. 
 

Measures: 
- Protect rail switches with ice covers and switch heating 
- Reinforce supports for overhead line equipment (OLE) 
- Service vehicles for winter conditions 
- Vegetation management plan 
- Use anti-icing/de-icing chemicals 
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Local Phenomenon No. 08:  Lightning 

Hazard category:  Meteorological hazards 

Description: 
Lightning is an electrostatic discharge in the atmosphere of very short duration but high voltage. 
It occurs within a cloud, between two clouds or between a cloud and the Earth’s surface. Most 
cloud-to-ground lightning flashes originate out of cumulonimbus clouds (thunderstorm clouds) 
but volcanic activity can also produce lightning-friendly conditions, often called dirty 
thunderstorms.  
 

Triggering events: 
Thunderstorm 

 

Initial event for: 
Explosion, Fire, Wildfire, Toppled trees, Blackout 

 

Relevance for: 
- Bridges 
- Embankments 
- Cuts 

- Centralized 
systems 

 
 
 
 
 
 
 

Main effects on infrastructure:  
Lightning can induce electromagnetic disturbances on catenary and 
communication lines (control and surveillance systems) and cause fires 
and severe damage. Destroyed transformer stations for railway power 
supply can take months to replace. 

Measures: 
- Reinforce supports for overhead line equipment (OLE) 
- Vegetation management plan 
- Improve track resilience 
- Wind barrier 
- Lightning rod 
- Install surge protector and arrestor on the rail network 
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Local Phenomenon No. 09:  Sandstorm 

Hazard category:  Meteorological hazards 

Description: 
A sandstorm or dust storm occurs when strong wind transports a large amount of loose sand or dry 
dirt particles by saltation and suspension over large distances. This phenomenon is very common in 
arid and semi-arid regions but can also have an influence on more distant regions. Sandstorms and 
dust storms can carry large volumes of sand and dust. 
 

Disposition criteria: 
Sand in the nearby area 
 

Triggering events: 
Strong wind 

 

Initial event for: 
Sand drift, Blocking, Collapse 
 

Relevance for: 
- Bridges 
- Embankments 
- Cuts 
 

 
 
 

Main effects on infrastructure:  
Drifting and blowing sand can influence the traffic flow by decreasing 
visibility or blocking roads or rails by accumulating large amounts of 
sand. In the case of railways, it can also clog signals and switches. 
Another possible effect is the deposition of sand grains in the drainage 
system, thus reducing its capacity. 
 
 

Protection measures: 
- Wind barrier 
- Irrigation of the surroundings 
- Vegetation management plan 

 

Picture/scratch:  
 

 
 

 



Local Phenomenon No. 10:  Fog 

Hazard category:  Meteorological hazards 

Description: 
Basically, fog is a low-lying cloud and consequently consists of small water droplets or ice crystals 
suspended in the air. Fog mainly forms if the relative humidity of the air is around 100 % and 
additional moisture is produced either by cooling of the air or condensation of water vapour. Fog 
can form and dissipate very quickly, a process known as flash fog, but persistent fog banks can 
also last for days or weeks. 
Generally there are four major types of fog formation: radiation fog, advection fog, precipitation 
fog and sea fog. Radiation fog is formed when air cools through thermal radiation in calm 
conditions with a clear sky. Advection fog occurs when moist air is transported by wind over a 
cool surface and is thus cooled. Precipitation fog forms when water droplets fall into drier air 
and evaporate into water vapour, thereby cooling the air. Sea fog is mostly influenced by the 
presence of salt crystals in the air, which act as condensation nuclei. Sea fog formation in 
relatively dry air (> 70 % relative humidity) is possible. Additionally, fog is often a consequence of 
temperature inversion, when cool stable air masses are trapped underneath warmer air masses. 
By definition fog reduces the visibility to less than 1 km. Furthermore, freezing fog can also cause 
ice to form if the liquid droplets freeze on surfaces to form rime (see Factsheet no. 7). 
 

Triggering events: 
High humidity 

 

Initial event for: 
Icing 

 

Relevance for: 
- Bridges  
- Embankments  
- Cuts 

 
 
 

Main effects on infrastructure:  
Fog can induce severe restrictions (low visibility) to traffic flow. 

Measures: 
- Improve track/road signaling resilience and visibility 
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Local Phenomenon No. 11:  Hail 

Hazard category:  Meteorological hazards 

Description: 
Hail is solid precipitation in the form of balls or irregular lumps of ice. Hail is formed in strong 
thunderstorm clouds with intense upward motion, high liquid water content and a large vertical 
extent, and a portion of the cloud has to be below 0°C.  
Hailstones originate from supercooled water droplets which freeze upon contact with 
condensation nuclei and are coated with multiple ice layers while traveling through the cloud 
and colliding with other supercooled water droplets until they become heavy enough to fall to 
the ground under gravity. 
Hail is most common within continental interiors at mid-latitudes, since hail formation is more 
likely if the freezing level is below 3,500 m, and along mountain ranges, where orographic lifting 
can occur. 
 

Triggering event: 
Thunderstorm 

 

Initial event for: 
Debris Flow, Shallow landslides, Urban flood 
 

Relevance for: 
- Bridges 
- Embankments 
- Cuts 
 

 
 
 
 
 
 
 

Main effects on infrastructure:  
Hail can induce severe restrictions (low visibility and slip hazard) to 
traffic flow.  

Protection measures: 
- Protect road pavement  

- Improve drainage system 

- Protect rail switches with ice covers and switch heating 
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Local Phenomenon No. 12:  Extreme high temperatures 

Hazard category:  Meteorological hazards 

Description: 
The definition of extreme high temperatures depends on the geographical position, thus 
temperatures that are normal for one region could be extremely high for another. However, 
extreme high temperatures for a specific place can lead to severe problems like wildfire and 
even damage to roads and railways. 
 

Triggering events: 
Special weather phenomena like blocking highs with several days/weeks of the same weather (e.g. 
Omega blocks) 

 

Initial event for: 
Wildfire, Thunderstorms, Blackout 

 

Relevance for: 
- Bridges 
- Embankments 
- Cuts 
- Centralized 

systems 
 

 
 
 
 
 
 
 

Main effects on infrastructure:  
Extreme high temperatures can induce dangerous wildfires that can 
interrupt the traffic flow and damage structures or power or auxiliary 
systems (control and monitoring systems). 
Road pavements and the rail tracks can also be severely damaged by 
extreme high temperatures. 

Protection measures: 
- Lay composite road surface 

- Rail operation procedures 

- Install cooling systems along the rail track 

- Paint rails 

- Use non-ballasted track 
 

 



Local Phenomenon No. 13:  Extreme low temperatures 

Hazard category:  Meteorological hazards 

Description: 
The definition of extreme low temperatures depends on the geographical position, thus 
temperatures that are normal for one region could be extremely low for another. However, 
extreme low temperatures (< 0°C) for a specific place can lead to severe problems. 
 

Triggering events: 
Special weather phenomena like blocking highs with several days/weeks of the same weather (e.g. 
Omega blocks) 

 

Initial event for: 
Icing, Damage to roads and railways 
 

Relevance for: 
- Bridges 
- Embankments 
- Cuts 
 

 
 
 
 
 
 

Main effects on infrastructure:  
Extreme low temperatures can structurally damage roads and railways in 
a poor structural condition (thermal deformation, freezing of pore 
water). Catenary systems can also be susceptible to thermal 
deformation. 
 

Measures: 
- Vegetation management plan 
- Improve resilience of road pavement subgrade materials  
- Stabilise with anchors 
- Rock bolts 
- Reinforce supports for catenary systems 

 

 



Local Phenomenon No. 14:  Earthquake 

Hazard category:  Geophysical hazards 

Description: 
Earthquakes are one of the most destructive natural hazards. A natural earthquake is caused by 
rocks rupturing under stress (plate tectonics processes) within the Earth’s crust and releasing a 
large amount of elastic energy (seismic energy). This energy travels in waves (seismic waves) 
causing fast movements at the Earth’s surface. Nearly all earthquakes occur at the plate 
boundaries, but some anomalous events called intraplate earthquakes occur away from 
boundaries (e.g. in Switzerland, France, Austria or Southern Germany).  
Intraplate earthquakes mostly occur in close spatial proximity to tectonic lineaments and fault 
lines. The primary effects associated with earthquakes are fault displacements and strong ground 
tremors. Other effects can include ground failure, liquefaction, landslides, avalanches and 
tsunamis. Earthquake risk differs from region to region. Some earthquakes can be triggered by 
human activities. These induced earthquakes are less powerful than those generated by plate 
tectonics processes. 
Earthquakes can be described by two different scales of measurement: magnitude and intensity. 
Earthquake magnitude is related to the seismic energy released (Richter scale). The intensity of 
an earthquake is based on the damage caused and its effects perceived by people (Mercalli 
scale). The intensity of earthquakes is affected e.g. by the severity of the ground shaking or the 
temporal duration of the shaking. Local intensity can be enhanced by certain soil and subsoil 
types. 
Additional information is given by earthquake hazard maps on global (e.g. World Seismicity 
Maps), on continental (e.g. European Seismic Hazard Map) and on national scale (e.g. Seismic 
Hazard Map Germany, Austria and Switzerland and national maps). 
 

Disposition criteria:  
 Plate boundaries 

 Fault lines (especially along valleys) 

 

Initial event for: 
Ground deformation/displacement; Ground subsidence; Soil liquefaction; Sinkhole; Tsunami; 
Shallow landslide; Deep-seated landslide; Rock fall; Rock collapse; Cliff fall; Outburst flood; 
Toppled Trees 

 

Relevance for: 
- Tunnels 
- Bridges 
- Embankments 
- Cuts 

- Centralized systems 

 
 
 
 
 
 
 
 
 
 

Main effects on infrastructure:  
An earthquake can induce the collapse of a structure or cause 
severe structural damage, depending on the magnitude of the 
earthquake and the strength of the structure. All kinds of 
infrastructure elements can be damaged by the impact of an 
earthquake, as it causes obstruction, structural and operational 
damage. Earthquake damage is of two kinds: primary structural 
damage resulting from ground movement and secondary 
damage caused by other disruption such as broken lines or 
cables, fires, or changed soil characteristics that affect the 
stability of the foundations of the infrastructure element. 
 



Measures: 
- Vibro-compaction 

- Deep-mixing method 
- Jet-grouting 
- Earthquake drain 
- Wick drains 
- Rigid inclusions 
- Continuous flight auger piles 
- Seismic isolation 
- Seismic flexible joints 
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Local Phenomenon No. 15:  Ground deformation/displacement 

Hazard category:  Geophysical hazards 

Description:  

Ground deformation and displacement are the permanent change of shape of parts of the earth's 
surface. They are produced by earthquakes and volcanic unrest. Displacement is the difference 
between the initial position of a reference position and any subsequent position. An abrupt 
displacement triggered by an earthquake along a fault can affect infrastructure elements which lie 
across a fault. This process is called surface rupture and commonly occurs along with shallow 
earthquakes, i.e. those with an epicentre at a depth of less than 20 km.  
Surface fault ruptures may be visible as relatively narrow zones along much of their length but 
they can cause ground deformations in soil and rocks tens and even hundreds of kilometers away 
from the seismogenic fault.  
Ground deformation associated with dynamic movement can lead to shaking-induced compaction 
of deposits in fills or displacements of ground on non-liquefiable soils (dense sand or silty soil with 
relatively high clay content). Deformations can have horizontal and vertical components.  
Ground deformation triggered by volcanic unrest is the change in shape that can occur prior to, 
during or after an eruption. Such ground movements can occur in response to the inflow or 
outflow of molten material (magma) and hydrothermal or magmatic fluids in the volcano. An 
increase in ground deformations in a certain area can be an indicator of the start of a new eruptive 
episode. Volcano ground deformation is observed in close vicinity to volcanos and potential direct 
consequences for transport infrastructure are thus very limited. 
A special case of ground deformation can be induced by tunneling. Tunnel projects with large 
diameters and long tunnels excavated under difficult conditions with respect to tectonic and 
heterogeneity of geology, in particular, face this situation.  
 

Disposition criteria:  

 Close vicinity to active volcanoes 

 Tunneling beneath infrastructure elements 

 Fault line (especially along valleys) 

 Deposits in fills 

 Non-liquefiable soils (dense sands or silty 
soils with high clay content) 
 

Triggering events: 

 Earthquakes 

 Volcanic activity 
 Tectonic activity 

 

Relevance for: 

 Bridges 

 Tunnels 

 Embankments 

 Cuts 

 Centralized 
systems 

 

 

 

 

 

Main effects on infrastructure:  

Large displacements can cause severe damage or the failure of 

infrastructure elements and equipment 
 

Protection measures: 

 Vibro-compaction 

 Deep-mixing 

 Jet grouting 

 Rigid inclusions 
 

 

 Deep foundations  

 Flexible pavements 

 Seismic isolation 

 Seismic flexible joints 
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Local Phenomenon No. 16:  Ground Subsidence 

Hazard category:  Geophysical hazards 

Description:  

Ground subsidence is the sinking or settling of the ground surface and is mostly observed in arid areas. Ground 
subsidence can result from the settlement of native low density soils, or the caving in of natural or man-made 
underground voids. Subsidence may occur gradually over many years as sags or depressions form in the ground 
surface. Subsidence can also occur abruptly as dangerous ground openings that could swallow any part of a 
structure that happens to be at that location, or leave a dangerous steep-sided hole. 
Withdrawal of pore fluids, mostly groundwater extraction, is a common cause of subsidence. Another is the 
desiccation of very wet clay deposits following the lowering of the water table. Hydrocompaction leads to 
ground surface collapse from excessive wetting of certain low-density weak soils (e.g. wind deposited silts like 
loess or fine-grained colluvial soils). Wetting can weaken the already weak or unstable soil structure. 
Densification of the weak soil column produces ground subsidence in the vicinity of excessive wetting. Such 
wetting can occur from irrigation, broken water lines, surface ponding, or drainage diversions. 
Dissolution of soluble rock or soil materials (e.g. gypsum, halite and to lesser extent limestones) also results in 
ground subsidence. Hydrologic factors that may cause the dissolution and removal of material can be natural or 
man-made. Natural effects are the downward percolation of surface water and/or lateral movement of 
groundwater within the water table. Man-induced hydrological changes or activities can affect soluble earth 
materials. Such activities include temporary or permanent stream channel changes, irrigation ditches, land 
irrigation leaking or broken pipes, temporary or permanent ponding of surface waters. 
Removal of support by underground mining is a common cause of ground subsidence. Extensive removal of 
minerals, mineral fuels, rock aggregate, and other materials creates large underground void spaces. Subsequent 
natural processes of adjustment often trigger ground subsidence and other phenomena.  
 

Disposition criteria:  

 Geological, tectonic and pedological 
situation 

 Extensive alluvial aquifers 

 Very wet clay deposits 

 Low density weak soils 

 Soluble rock or soil material 
 Underground mining 

 

Triggering events: 

 Groundwater extraction 

 Wetting from irrigation, broken water lines, surface 
ponding, or drainage diversions 

 Downward percolation and/or lateral movement of 
groundwater 

 Temporary or permanent stream channel changes, 
irrigation ditches, land irrigation leaking or broken pipes, 
temporary or permanent ponding of surface waters, and 
others 

 Underground mining 
 

Relevance for: 

 Bridges 

 Tunnels 

 Embankments 

 Cuts 

 Centralized systems 

 

 

 

 

 

 

Main effects on infrastructure:  

Ground subsidence can severely damage roads, railways and power lines.  

 
 

Measures: 

 Vibro-compaction 

 Deep mixing method 

 Jet grouting 

 Flexible pavements 

 Seismic isolation 
 

 
 Seismic flexible joints 

 Flood barrier 

 Improve drainage system 

 Protective wall 
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Local Phenomenon No. 17:  Soil liquefaction 

Hazard category:  Gravitational hazards 

Description:  

Soil liquefaction is a phenomenon whereby a saturated or partially saturated soil loses much of its 
strength and stiffness in response to an applied stress, usually earthquake shaking. 
The phenomenon is most often observed in saturated, loose (low density or uncompacted), sandy 
soils. This is due to the fact that loose sand has a tendency to compress when a load is applied. If 
the soil is saturated with water then water fills the pore spaces. In response to the soil 
compressing, the water pressure increases, causing the water to flow out to zones of lower 
pressure (usually upward, towards the ground surface). If the loading is large enough and applied 
rapidly, or repeated many times (e.g. earthquake shaking, storm wave loading), the water pressure 
can exceed the contact stresses acting on the grains of the soil and keeping them in contact with 
each other. This contact between grains is the means by which the weight of buildings and 
overlying soil layers are transferred from the ground surface to layers of soil or rock at greater 
depths. This loss of soil structure causes it to lose all of its strength and it may be observed to flow 
like a liquid, hence the term, liquefaction (first used by A. Hazen, 1920). 
Liquefaction of underlying soils can be extremely damaging to overlying infrastructure and 
buildings. Soil liquefaction can also exacerbate the tendency of landslides to occur in an area if a 
prior weakness exists, resulting in significant costs in damage and exposure of humans. 
 

Disposition criteria:  

 Geological, tectonic and pedological situation 
 Saturated, loose sandy soils 

Triggering events: 

 Earthquakes 

 Storm wave loading 

 

Relevance for: 

 Bridges 
 Tunnels 
 Embankments 
 Cuts 
 Centralized systems 

 

 

 

 

 

 

Main effects on infrastructure:  

During liquefaction, foundations experience a sudden loss of support 
that can result in irregular settlement affecting the infrastructure 
(bridges) level of service or resulting in structural damage.  The 
movement of the ground may lead to large cracks or fissures that 
can damage road sections. Additionally, soil embankments may lose 
stability and collapse. 
 

Measures: 

 Vibro-compaction 
 Deep mixing method 
 Jet grouting 
 Stone columns 
 Earthquake drains 
 Rigid inclusions  
 CFA piles 
 Seismic flexible joints 
 Deep foundations 
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Local Phenomenon No. 18:  Sinkhole 

Hazard category:  Geophysical hazards 

Description:  

Sinkholes are generally shallow circular- to oval-shaped depressions and are a special characteristic or 
phenomenon of ground subsidence.  
Sinkholes are common where the rock below the land surface is limestone, carbonate rock, salt beds, or 
rocks that can naturally be dissolved by groundwater circulating through them. As the rock dissolves, 
spaces and caverns develop underground. Also, as the limestone dissolves and is carried away, water 
from rainfall that is collected in cracks (called joints) can slowly widen these joints until the ground above 
them becomes unstable and collapses.  
In general, three different sinkhole types can be distinguished: 

 Solution sinkholes are produced by gradual downward movements of the surface layer by 
dissolution of limestone or dolomite which develops a depression that collects increasing amounts 
of surface runoff as its perimeter expands. This type of sinkhole usually forms a bowl-shaped 
depression. 

 Cover-subsidence sinkholes tend to develop gradually where the covering sediments are 
permeable and contain sand. Individual grains of sand move downwards to replace grains that 
have moved downward to occupy space formerly held by dissolved limestone. The result is  
relatively broad and extensive subsidence of the land surface that occurs over a period of time 

 Cover-collapse sinkholes may develop abruptly (over a period of hours) and cause catastrophic 
damage. They occur where the covering sediments contain a significant amount of clay and where 
a solution cavity develops in the limestone to a size such that the overlying material can no longer 
support its own weight. The collapse often happens very suddenly and without warning. Such 
sinkholes vary from shallow holes about 1 metre deep, to pits more than 50 metres deep. 

 

Disposition criteria:  

 Geological and pedological situation 

 Soluble rocks 

 Land surface sediments with a significant amount 
of clay  

 Permeable sandy land surface sediments 

 Groundwater circulation 
 

Trigger Events: 

 Changing groundwater levels 

 Increase of surface water (persistent 
rainfall) 

 Long periods of drought followed by heavy 
rainfall 

 Man-made changes to the groundwater 
table (e.g. water pumping) 

 

Relevance for: 

 Embankments 

 Cuts 

 Bridges 

 Tunnels 

 Centralized systems 

 

 

 

 

 

 

Main effects on infrastructure:  

Sinkholes can severely affect, damage, and destroy infrastructure 
elements and damage pavements (road and railways) and power lines 
(lack of stability). 

Protection measures: 

  Improve drainage system 

 Grout or refill the cavity 

 Grout curtains 

 Waterproof ground surface with geomembrane or geotextile 

 Deep foundations 

 Reinforce embankments with tensile geogrids 



Picture/scratch:  

 
 

 

 

 



Local Phenomenon No. 19:  Tsunami 

Hazard category:  Geophysical hazards 

Description:  

A tsunami is a series of waves in a body of water caused by the displacement of a large volume of water, 
generally in an ocean or a large lake. Tsunamis are also known as seismic sea wave or as tidal wave. 
Different kinds of disturbance above or below water have the potential to generate a tsunami. Such 
disturbances include earthquakes, volcanic eruptions, underwater explosions, landslides, glacier 
calvings, and meteorite impacts. Tsunami waves do not resemble normal sea waves because their 
wavelength is far longer. This means that they lose very little energy as they travel. Tsunami waves may 
appear very low in deep ocean but as they approach the shoreline and enter shallower water they slow 
down and begin to grow in energy and height. The top of the waves move faster than their bottom, 
which causes them to rise precipitously. A tsunami trough, the low point beneath the wave crest, often 
reaches shore first. When it does, it produces a vacuum effect that sucks coastal water seaward and 
exposes harbour and sea floors. This drawback of sea water is an important warning sign of a tsunami. 
Rather than appearing as a breaking wave, a tsunami may instead initially resemble a rapidly rising tide. 
Tsunamis generally consist of a series of waves with periods ranging from minutes to hours. Wave 
heights of tens of metres can be generated by large events. 
Although the impact of tsunamis is limited to coastal areas, their destructive power can be enormous 
and they can affect entire ocean basins. 
 

Disposition criteria:  

 Coastal areas 

Trigger events: 

 Earthquakes 

 Submarine volcanic eruptions 

 Underwater explosions 

 Submarine landslides 

 Glacier calving 

 Meteorite impacts 

Relevance for: 

 Bridges 

 Tunnels 

 Embankments 

 Cuts 

 Centralized systems 

 

 

 

 

 

Main effects on infrastructure:  

The impact of the surge can induce the instability in an embankment, 

cutting, tunnel or bridge and also destroy or cause severe damage to the 

structural and auxiliary components of an infrastructure (e.g. power 

systems, surface components of tunnels). Tsunamis can enter tunnel 

portals. 
 

Protection measures: 

 Flood barrier  

 Protective fender for bridge piers 

 Installation of flow deflectors 

 Deep foundations 

 Seawalls 

 Riprap protection for embankments, pillars 

and abutments of bridges 

 Geosynthetic reinforcement of embankments 

 Coastal vegetation 

 

Picture/scratch:  
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Local Phenomenon No. 20:  Lava Flow 

Hazard category:  Geophysical hazards 

Description:  

Lava flows are the least hazardous of all processes in volcanic eruptions. They are streams of molten 
rock that pour or ooze an eruptive vent. Lava is erupted during either non-explosive activity or explosive 
lava fountains. Lava flows destroy everything in their path. However, most flows move slowly. The flow 
velocity depends on several factors, including (i) the type of lava erupted and its viscosity, (ii) the 
steepness of the ground over which it travels, (iii) the flow characteristics (lava flows as a broad sheet, 
through a confined channel, or down a lava tube), and (iv) the rate of lava production during an event. 
Fluid basalt flows can extend tens of kilometres from an erupting vent. The leading edges of basalt flows 
can travel up to 10 km/hour on steep slopes but they typically advance less than 1 km/hour on gentle 
slopes. If the basalt lava flows are confined within a channel or lava tube on a steep slope, the main 
body of the flow can reach velocities of more than 30 km/hour. 
Viscous andesite flows move only a few kilometres per hour and rarely extend more than several 
kilometres from their vents. Viscous dacite and rhyolite flows often form steep-sided mounds called lava 
domes. Lava domes often grow by the extrusion of many individual flows and can reach thicknesses of 
more than 30 m over a period of several months or years. Such flows will overlap one another and 
typically move less than a few meters per hour. Those thick lava flows, especially ones that build a 
dome, can collapse to form fast moving pyroclastic flows. 
Everything in the path of a lava flow will be knocked over, surrounded, or buried by lava, or ignited by its 
extremely hot temperature. When lava erupts beneath a glacier or flows over snow and ice, meltwater 
from the ice and snow can result in far-reaching lahars. 
 

Disposition criteria:  

 Geological and tectonic situation (existence of 
volcano) 

 Slope angle of the flow tracks 

 Topographical conditions of the flow tracks 
(broad sheets, channelized on the surface, or 
lava tubes) 

 Type of lava and viscosity 

 Amount of lava production during an event 
 

Triggering event: 

 Volcanic eruption 
 

Relevance for: 

 Bridges 

 Tunnels 

 Embankments 

 Cuts 

 Centralized systems 
 

 

 

 

 

 

Main effects on infrastructure:  

Infrastructure elements can be buried by the lava with partial or complete 

loss. Extreme high temperatures can damage the structure and auxiliary 

systems. Road pavements and rails can be severely damaged. 

Out-of-service time due to traffic flow interruption. 
 

Measures: 

 Lava cooling operations 

 Deviate channels 

 Earth mounds 
 



Picture/scratch:  
 

 
 

 



Local Phenomenon No. 21:  Lahar 

Hazard category:  Geophysical hazards 

Description:  

Lahar is a hot or cold mixture of water and rock fragments flowing down the slopes of a volcano 
and/or river valleys. Although lahars are typically associated with the effects of volcanic activity, 
they can occur even without any current volcanic activity, as long as the collapse and movement of 
mud originating from existing volcanic deposit is possible.  
Eruptions can trigger one or more lahars directly by melting snow and ice on a volcano or by 
ejecting water from a crater lake. More often, lahars are formed by intense rainfall during or after 
an eruption. Some of the largest lahars begin as landslides of saturated and hydrothermally 
altered rock on the flank of a volcano or adjacent hillslopes. Landslides are triggered by eruptions, 
earthquakes, precipitation, or the unceasing pull of gravity on the volcano. 
A moving lahar looks like a mass of wet concrete that carries rock debris ranging in size from clay 
to boulders more than 10 m in diameter. Lahars vary in size and speed. Small lahars, that are less 
than a few meters wide and several centimetres deep, may flow a few meters per second. Large 
lahars can be hundreds of meters wide and tens of meters deep, and they can flow several tens of 
meters per second. 
As a lahar rushes downstream from a volcano, its size, speed, and the amount of water and rock 
debris it carries constantly changes. 
Lahars can also lead to increased deposition of sediments; they can block tributary rivers with their 
potential cascading effects, and they can bury valleys and communities with debris. 
 

Disposition criteria:  

 Geological and tectonic situation (existence 
of volcano) 

 Topographical conditions of the release 
area and the flow tracks 

 Snow or ice covered volcanoes 

 Wet soil and mud on volcano slopes 

 Glacier lakes 

 Crater lakes surrounded by volcanic 
material 

 Pyroclastic deposits 
 

Triggering events: 

 Lava or pyroclastic flows 

 Earthquakes 
 Heavy rainfall 

Relevance for: 

 Embankments 

 Tunnels 

 Cuts 

 Bridges 

 Centralized systems 
 

 

 

 

 

 

Main effects on infrastructure:  

Lahars can destroy infrastructure elements by direct impact. They can 
also lead to deposition of sediments, to traffic interruption and to the 
damage of power lines and control systems. 
Entrances of tunnels and bridges can be blocked. 

Protection measures: 

 Deviate channels 

 Check dams 

 Water deflecting structures 

 Debris flow deflecting structure 

 Log erosion barrier 



Picture/scratch:  

 
 

 



Local Phenomenon No. 22:  Ash cloud 

Hazard category:  Geophysical hazards 

Description:  

Volcanic ash is a product of explosive volcanic eruptions and is composed of tiny fragments of 
jagged rock, minerals, and volcanic glass. Unlike the soft ash created by burning wood, volcanic ash 
is hard, abrasive, and does not dissolve in water. Generally, particles of volcanic ash are 2 
millimetres across or smaller. Eruptions can also shatter the solid rock of the magma chamber and 
the volcanic mountain itself. These rock fragments can mix with the solidified lava fragments in the 
air and create an ash cloud. Wind can carry small volcanic ash particles great distances. Ash has 
been found thousands of kilometres away from an eruption site. The smaller the particle, the 
further the wind will carry it. Volcanic ash deposits tend to be thicker and have larger particles 
closer to the eruption site. With increasing distance from the volcano the deposit tends to thin out. 
In addition to shooting volcanic ash into the atmosphere, an explosive eruption can create an 
avalanche of ash, volcanic gases, and rock, called a pyroclastic flow. 
Plumes of volcanic ash can spread over large areas of sky, turning daylight into complete darkness 
and drastically reducing visibility. The ash and gases can sometimes reach the stratosphere and thus 
reflect incoming solar radiation and absorb outgoing land radiation, leading to a cooling of the 
Earth’s temperature. 
These incredibly fast pyroclastic flows can damage or destroy infrastructure elements and buildings. 
 

Disposition criteria:  

 Geological and tectonic situation 
(existence of volcano) 

Triggering event: 

 Type of eruption and material involved 

 Amount of ash produced during an event 

 Atmospheric conditions (on global-continental-
national scale) 

 Wind direction (on regional and local scale) 
 

Relevance for: 

 Bridges 

 Tunnels 

 Embankments 

 Cuts 
 

 

 

 

 

 

Main effects on infrastructure:  

Volcanic ash can impact the infrastructure of entire regions. Ash can 
enter and disrupt the functioning of machinery found in power 
supply, water supply, sewage treatment, and communication 
facilities. Heavy ash fall can also block road and rail traffic and 
damage vehicles. When mixed with rainfall, volcanic ash turns into a 
heavy cement-like sludge that is able to collapse roofs.  
 

Protection measures: 

  Improve signalling resilience 
 Protect rail switches with covers 

 

Picture / scratch: 
 

 
 

 



Local Phenomenon No. 23:  Avalanche 

Hazard category:  Gravitational hazards 

Description: 
A snow avalanche is a fast moving mass movement of snow with a volume of more than 100 m³ and a length 
of more than 50 m. With respect to their movement, snow avalanches can be differentiated as flowing 
avalanches and powder avalanches; another distinction is made between dry avalanches and wet avalanches. 
The destructive effect of avalanches can be increased by the trees, stones and rocks transported by them. 
Apart from snow avalanches, ice avalanches (e.g. released by hanging glaciers) are equally possible. Ice 
avalanches can additionally trigger further snow avalanches and the mass movement propagates as a 
combined ice/snow avalanche.  
 

Disposition criteria: 
 Slope angle between 28° and 50°(60°), no 

snow accumulation on steeper terrain 

 Topographic curvature effects on open slopes 
with rolls or other irregularities where local 
snow drifts can form (e.g. gullies or bowls) or 
channelized systems; not relevant for extreme 
events 

 Forest as protection measure only in densely 
forest areas 

 Exposure with respect to wind induced snow 
drift (dry avalanche) and intense solar 
radiation (wet avalanche) 

 Additional information: Official avalanche 
cadasters, databases of damaging events, 
event documentations, chronicles 

 

Triggering events: 
Dry avalanche:  

 intense snowfall 

 intensified through strong wind (drifting snow) 
especially adjacent to the ridge line 

 
Wet avalanche:  

 high solar radiation 

 high temperatures 

 rain on snow 

Relevance for: 
 Tunnels 

 Bridges 

 Embankments 

 Cuts 

 Centralized systems 

 

 
 
 
 
 
 
 

Main effects on infrastructure:  
Avalanches can cause physical damage through effects of mechanical force 
(e.g. weight overload) or direct damage (infrastructure collapse under direct 
impact). Structural damage to the infrastructure elements can be extreme 
and lead to high out-of-service times. Avalanches can also damage the 
auxiliary systems. 
Apart from any damage, avalanches can block roads and railways. This can 
happen after the avalanche has occurred (snow deposited in the traffic cross 
section) or prior to the release of the avalanche (danger of avalanche hitting 
vehicles leads to preemptive closure of the route, sometimes for prolonged 
periods of time) 
 

Measures: 
 Snow shed 

 Avalanche barrier (snow net) 

 Braking mound 

 Snow fence  

 Snow deflection structures 

 Avalanche-protection dam 

 Afforestation 

 Controlled blasting 
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Local Phenomenon No. 24:  Debris flow 

Hazard category:  Gravitational hazards 

Description:  

Debris flow is the downslope mass movement, by either inertial or viscous processes at 

velocities greater than those of creep or solifluction, of a non-Newtonian slurry of a plastic 

mixture of water and generally coarse, poorly sorted sediment; debris-flow slurries, depending 

on the particle-size distribution of the sediment, typically range from 50 to 80 % sediment by 

volume. Debris flows follow unusually heavy rainfall or the sudden thaw of frozen ground and 

are capable of carrying large boulders. They commonly cut V-shaped channels, at the sides of 

which coarser material may accumulate as the more fluid central area moves down-channel. 

Debris may travel over many kilometers. 

 

Disposition criteria:  

 Geology 

 Potential for debris 

 Soil saturation  

 Relief 

 Type of debris 
 

Triggering Event: 

 Intense rainfall 

 Long-lasting rainfall 

 Hail 

 Snowmelt 

Relevance for: 

 Bridges 

 Embankments 

 Tunnels 

 Cuts 

 Centralized 
Systems 

 

 

 

 

 

 

Main effects on infrastructure:  

Debris flows can provoke severe structural damage and even the 

collapse of bridges due to the impact of the mixture of solids (rock 

blocks) and water. Roads and railways can also be put out of service 

due to the deposition of large volumes of solid material. 

Measures: 

 Check dams 

 Deviating channels 

 Water deflecting structure (dyke) 

 

 Debris flow deflecting structures (barrier, 
shelter and bridge)  

 Log erosion barrier 
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Local Phenomenon No. 25:  Shallow landslides 

Hazard category:  Gravitational hazards 

Description:  

A landslide is the gravitational movement of a mass of rock, earth or debris down a slope. Landslides are 
usually classified on the basis of the material involved (rock, debris, earth, mud) and the type of 
movement (fall, topple, avalanche, slide, flow, spread). 
Shallow landslides involve only the soil layer and upper regolith zone, typically to a depth from few 
decimeters to several meters. Shallow landslides often happen in areas where the slopes have highly 
permeable soils on top of low-permeability bottom soils. These bottom soils trap the water in the 
shallower, high-permeability soils thereby creating high water pressure in the top soils. As the top soils 
fill with water and become heavy the slopes can become very unstable and these layers slide over the 
low-permeability bottom soils. Landslide volumes can vary from some tens of cubic metres to several 
cubic kilometres for giant landslides, while landslide speed may range from a few centimetres per year 
for slow-moving landslides to tens of kilometres per hour for fast, highly destructive landslides. 
According to the state of activity or movement, existing landslides can be classified as active, dormant 
(can be reactivated) or inactive (often relict or fossil).  
 

Disposition criteria:  

 Shear stress on the slope material exceeds the 
material’s shear strength 

 High permeability soils on top of low permeability 
bottom soils 

 Weathering conditions 

 Jointing and structure  

 Slope morphology 

 Land cover/use 
 Surface and groundwater flow 

 

Triggering events: 

 Heavy prolonged rainfall 

 Earthquakes 

 Volcanic eruption 

 Rapid snow melt 

 Slope undercutting by rivers or sea waves 
 Permafrost thawing 

Relevance for: 

 Cuts 

 Embankments 

 Bridges 

 Tunnels 

 Centralized systems 

 

 

 

 

 

Main effects on infrastructure:  

Shallow landslides can cover and destroy parts of roads, railways and 

power lines. Traffic can be interrupted. 

Tunnel portals can be blocked. 

Protection measures: 

 Ditches and berms 

 Geometry modification 

 Protect surface against erosion 

 Improve shallow drainage  

 Earth retention by soil nailing; diaphragm wall 

 Micropiles 

 Anchors 

 Embankment reinforcement with geotextile 
geogrid 

Picture/scratch:  

 
 

 



Local Phenomenon No. 26:  Deep-seated landslides 

Hazard category:  Gravitational hazards 

Description:  

A landslide is the gravitational movement of a mass of rock, earth or debris down a slope. Landslides are 
usually classified on the basis of the material involved (rock, debris, earth, mud) and the type of 
movement (fall, topple, avalanche, slide, flow, spread). 
Deep-seated landslides involve the soil layer, upper regolith zone as well as bedrock at greater depths. 
The sliding surface is mostly located well below the maximum rooting depth of trees. Deep-seated 
landslides usually involve deep regolith, weathered rock, and/or bedrock and include large slope failure 
associated with translational, rotational, or complex movement. This type of landslide is likely to occur 
in a tectonically active region. They typically move slowly, only several meters per year, but occasionally 
move faster. They tend to be larger than shallow landslides and form along a plane of weakness such as 
a fault or bedding plane. They can be visually identified by concave scarps at the top and steep areas at 
the toe. 
 

Disposition criteria:  

 Shear stress on the slope material exceeds the 
material’s shear strength 

 Weathering conditions 

 Jointing and structure  

 Slope morphology 

 Land cover/use 

 Surface and groundwater flow 
 

Triggering event: 

 Heavy prolonged rainfall 

 Earthquakes 

 Volcanic eruption 

 Rapid snow melt 

 Slope undercutting by rivers or sea waves 
 Permafrost thawing 

Relevance for: 

 Tunnels 

 Bridges 

 Embankments 

 Cuts 

 Centralized systems 

 

 

 

 

 

 

Main effects on infrastructure:  

Deep-seated landslides can cover and destroy parts of roads, railways 
and power lines. Traffic can be interrupted. 
Tunnel portals can be blocked. 

Measures: 

 Reinforce bridge piers 

 Improve deep drainage system 

 Improve ground by jet grouting 

 Anchors 

 Micropiles 

 Seismic flexible joints 

 Improve ground by deep mixing 
method 
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Local Phenomenon No. 27:  Rock fall 

Hazard category:  Gravitational hazards 

Description:  
Rock fall is the natural downward motion of detached stones, blocks or a series of blocks with a 
small volume (< 10 m3 ) involving free falling, bouncing, rolling, and sliding. The moving mass travels 
mostly through the air by free fall, saltation or rolling, with little or no interaction between the 
moving fragments. Movements are very rapid and may not be preceded by minor movements. A 
rock fall event involves a single block or group of blocks becoming detached from a rock face; each 
falling block may behave more or less independently of other blocks. Blocks may break during the 
fall. There is temporary loss of ground contact and high acceleration during the descent, with blocks 
attaining significant kinetic energy. Blocks accumulate at the bottom of a slope as scree deposit. If a 
rock fall is active or very recent, then the slope from which it was derived is scarped. 
Rock falls are characterized by their speed (< 40 m/s), the size of their elements (stone < 0.5 m 
diameter, block > 0.5 m diameter) and the volumes involved. 
 

Disposition criteria:  

 Geological, tectonic and pedological situation 

 Physical, chemical and mechanical 
characteristics of the rocks  

 Influence of climate, topography, vegetation 
and gravitation 

Triggering event: 

 Frost-thaw 

 Earthquakes 

 Intense rain 

 Long-lasting rain 

 Permafrost degradation 

 Root wedging 

 External stress 

 Undercutting 
 

Relevance for: 

 Embankments 

 Cuts 

 Bridges  

 Tunnels 

 

 

 

 

 

Main effects on infrastructure:  

The infrastructure can be hit by the rocks and be damaged. 
Traffic can be interrupted. 

Protection measures: 

 Metallic mesh draping and netting 

 High energy absorption (HEA) panels 

 Earthen barriers  

 Ditches and berms 

 Rock scaling 

 Rock bolts  
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Local Phenomenon No. 28:  Rock collapse 

Hazard category:  Gravitational hazards 

Description:  

Rock collapse is the simultaneous bursting of stones with a volume > 1 Mio. m3. How bursting 
occurs is not defined. Displacement processes are defined by the topography, the rock mass’ 
fragmentation and the interaction between its fragments. It is characterized by strong interaction 
between the fragments. The fall can reach speeds > 40 m/s, stones can be ground or even 
pulverized to rock flour. Fragments are transported over several kilometres and their sheer volume 
has a considerable influence on the landscape. Fallen rocks can impound streams and rivers, 
possibly leading to outburst floods. 
 

Disposition criteria:  

 Geological, tectonic and pedological situation 

 Physical, chemical and mechanical 
characteristics of the rocks  

 Influence of climate, topography, vegetation 
and gravitation 

Triggering event: 

 Earthquakes 

 Intense rain 

 Long-lasting rain 

 Frost degradation 

 Permafrost degradation 

 Root wedging 

 External stress 

 Undercutting 
 

Relevance for: 

 Bridges 

 Tunnels 

 Embankments 

 Cuts 

 

 

 

 

 

 

Main effects on infrastructure:  

Parts of roads, railways and power lines can be damaged, destroyed or 
blocked by fragments over a wide area. Traffic flow can be affected. 
Entrance of bridges and tunnels can also be blocked. 

Measures: 

 Earthen barriers 

 Ditches and berms 

 Rock shed 

 Rock scaling  

 Controlled blasting 

 Rock bolts  
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Local Phenomenon No. 29:  Cliff fall 

Hazard category:  Gravitational hazards 

Description:  

Cliff fall is the natural downward motion of a slightly fragmented block of stone, between 100 m3 

and 100,000 m3 in volume. In some cases, the displaced volume can be up to 15 Mio. m3. The 

moving mass travels mostly through the air by free fall, saltation or rolling, with little or no 

interaction between the moving fragments, therefore the energy exchange is relatively small. 

There is temporary loss of ground contact and high acceleration during the descent, with blocks 

achieving a significant amount of kinetic energy. Cliff fall is characterized by its speed (between 10 

and 40 m/s) and its volume (100 m3 - 100,000 m3). 

 

Disposition criteria:  

 Steep slope 

 Weathered rocks 

 

Triggering event: 

 Earthquakes 

 Intense rain 

 Long-lasting rain 

 Frost-thaw 

 Permafrost degradation 

 Root wedging 

 External stress 

 Undercutting 

Relevance for: 

 Bridges 

 Tunnels 

 Embankments 

 Cuts 

 

 

 

 

 

 

Main effects on infrastructure:  

Infrastructure elements can be hit and damaged by the rocks. 
Traffic can be interrupted. 

Measures: 

 Metallic mesh draping and netting 

 High energy absorption (HEA) panels 

 Earthen barriers 

 Ditches and berms  

 Rock bolts 

 Rock shed 

 Controlled blasting 
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Local Phenomenon No. 30:  River flood and lake overflow 

Hazard category:  Hydrological hazards 

Description:  

A flood is generally a term for the overflow of water from a river or a lake onto normally dry land in the 
floodplain (river flood) or higher-than-normal levels in lakes or reservoirs. Floods occur when water 
overtops or breaks levees and embankments, thus escaping the boundaries of the water course. They can 
be caused by heavy prolonged rainfall, rapid snow melt or a critical combination of both. The failure of 
levees, embankments and protective measures can result in flooding even if the level of the water course 
has not reached a critical threshold. Under extremely adverse conditions uncontrolled overflow of 
spillways of hydro-power reservoirs could lead to an increase in flood peaks. 
Floods have the potential to cause fatalities, to displace people and to damage to the environment as 
well as infrastructure elements. Floods are natural phenomena which cannot be prevented. 
Additional information:  in many member states, flood hazard mapping has a relatively long tradition with 
respect to water management. In many countries, flood hazard maps are produced by the public 
authorities. The EU Flood Directive (Directive 2007/60/EC on the assessment and management of flood 
risk) now requires member states to assess if all water courses and coastlines are at risk from flooding, to 
map the flood extent and assets and humans at risk in these areas and to take adequate and coordinated 
measures to reduce this flood risk. This Directive also reinforces the rights of the public to access this 
information. 
  

Disposition criteria:  

 Distance to river/lake 
 Flood plain topography 
 Water level  
 Storage capacity of the river/lake 
 Presence of retention areas 
 Existence and stability of flood protection measures 

 

Triggering events: 

 Heavy rainfall 
 Prolonged rainfall 
 Rapid snow melt 
 Failure of levees, embankments, and 

protection measures 
 Management of hydro-power reservoirs 

Relevance for: 

 Bridges 
 Cuts 
 Embankments 
 Tunnels 
 Centralized systems 

 

 

 

 

 

Main effects on infrastructure:  

River floods can overflow bridges, embankments and cuttings and also 
damage road pavement and rail tracks. Floods can cause bridge collapse by 
direct impact or by erosion of the bridge supports. 
Floods can result in out-of-service time because the infrastructure is not 
available to users. 

Protection measures: 

 Flow deflector structure 
 Improve drainage system 
 Riprap protection for pillars and abutments of 

bridges 
 Flood barrier  
 Protective wall 
 Levee 
 Floodway 
 Dyke 
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Local Phenomenon No. 31:  Flash flood 

Hazard category:  Hydrological hazards 

Description:  

Heavy or excessive rainfall in a short period of time producing immediate runoff, creating flooding 
conditions within minutes or a few hours during or after the rainfall. Flash floods can also occur after a 
period of drought when heavy rain falls onto very dry, hard ground that the water cannot penetrate. 
 

Disposition criteria:  

 Saturated soil 

 Dry soil 

 Impermeable ground 
 

Triggering event: 

 Heavy rainfall 

 Prolonged rainfall 

 Rapid snow melt 

 Convective precipitation 
 Sudden release from an upstream 

impoundment 

 

Relevance for: 

 Bridges 

 Tunnels 

 Embankments 

 Cuts 

 Centralized systems 
 

 

 

 

 

 

Main effects on infrastructure:  

Flash floods can overflow bridges, roads or railways embankments and cuts 

and also damage the pavement or the rail tracks. They can destroy 

embankments by hydrostatic pressure. Cuts and embankments can also be 

destroyed by external and internal erosion. They can enter tunnel portals or 

lead to a rise of the groundwater level, potentially damaging the lining of 

the tunnel through direct hydrostatic action or uplift forces. 

Floods can cause bridges to collapse by direct impact or by eroding the 

bridge supports. 

Floods can result in out-of-service time because the infrastructure is not 

available to the user. 
 

Measures: 

 Flow deflector structure 

 Improve drainage system 

 Riprap protection for pillars and 
abutments of bridges 

 Flood barrier 

 Protective wall 
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Local Phenomenon No. 32:  Urban flood 

Hazard category:  Hydrological hazards 

Description:  

Urban floods occur in more densely populated areas, where the soil surface is sealed by streets, 

buildings, and other structures. Water is therefore unable to penetrate into the soil and has to be 

channelled by drainage systems. Flooding occurs when rainfall overwhelms the capacity of drainage 

systems. 

Disposition criteria:  

 Sealed soil surface 

 Densely populated areas  

 Undersized (e.g. fast growing settlements) or 
outdate/damaged sewer system 

 

Triggering event: 

 Rainfall 

 Hail 
 Partially blocked drainage systems 

Relevance for: 

 Tunnels 

 Bridges 

 Embankments 

 Cuttings 

 Centralized systems 

 

 

 

 

 

 

Main effects on infrastructure:  

Urban floods can cause the blockage of road and railway sections as 
well as power loss. Tunnels can be inundated and put out of service. 

 

Protection measures: 

 Flow deflector structure 

 Improve drainage system 

 Riprap protection for embankments, 
pillars and abutments of bridges 

 Flood barrier 

 Protective wall 
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Local Phenomenon No. 33:  Groundwater flood 

Hazard category:  Hydrological hazards 

Description:  

Groundwater flooding occurs when the water table in permeable rocks rises to the level of sub-
surface structures or above the ground surface. Groundwater flooding is not necessarily linked 
directly to a rainfall event and is generally of longer duration than other causes of flooding. 
Groundwater levels are generally highest in early spring and lowest in early autumn. Flooding 
that responds rapidly to rainfall events is also unlikely to be caused by high groundwater levels; 
exceptions do occur if the water table is normally very shallow and it has been very wet prior to 
the event.  
 

Disposition criteria:  

 High groundwater level 

External trigger: 

 Heavy rainfall over a long period of 
time 

 

Relevance for: 

 Bridges 

 Tunnels 

 Embankments 

 Cuts 

 Centralized systems 

 

 

 

 

 

 

Main effects on infrastructure:  

The main effect on roads is the possible destruction of the 

pavement. In tunnels, a rise of the groundwater level may 

damage the lining of the tunnel through direct hydrostatic 

action or uplift forces. 

Additionally, communication and control systems can be 

damaged and traffic flow may be disrupted for long periods. 
 

Measures: 

 Groundwater level lowering (drainage and pumping) 
 Groundwater flow interception and cut-off structures 
 Interception drains 
 Drainage perimeter trenches 
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Local Phenomenon No. 34:  Outburst flood 

Hazard category:  Hydrological hazards 

Description:  

An outburst flood is a high-magnitude, low-frequency catastrophic flood involving the sudden release 
of water through dam failure. Water can be dammed by landslides, lahars, volcanic dams, moraines or 
glaciers and released when they collapse.  
A special case is outburst floods of glaciers resulting from pockets of water (sub-glacial or glacial 
cavity).  
 

Disposition criteria:  

 Volcanic activity to create dams or lahars 

 Landforms originating from glaciers  

 Water stored behind or beneath glaciers, 
moraines, volcanic dams 

 Water pockets in glacial hollow features 
 

Triggering event: 

 Enough rainfall to induce landslides 

 Glacier melt due to warm temperatures 

 Volcanic eruption 

 Earthquake 

 Glacial outburst floods are hard to predict 
 

Relevance for: 

 Bridges 

 Tunnels 

 Embankments 

 Cuts 

 Centralized systems 
 

 

 

 

 

 

Main effects on infrastructure:  

Potentially high damage to infrastructure through the direct impact of 
water flow that may result in the collapse of bridges, road and railway 
sections due to high velocity and to the debris transported by the flow. 
Outburst floods can also enter tunnel portals. Floods can result in out-
of-service time because the infrastructure is not available to the user. 

Protection measures: 

 Waterproofing braking mound 

 Avalanche protection dam 

 Check dam 

 Water deflecting structure 
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Local Phenomenon No. 35:  Toppled trees 

Hazard category:  Other hazards 

Description:  
Trees can either topple by uprooting or by rupture of their trunk by strong winds, ice or snow load, 
by lightning or by soil erosion.  
 

Disposition criteria:  

 Loose roots 

 Rinsed roots 

 Unconsolidated soil  

 High soil moisture 

 Tree vitality 
 

Triggering event: 

 Strong winds 

 Earthquakes 

 Snow load 

 Ice load 

 Heavy and prolonged rainfall  

 Lightning 
 

Relevance for: 

 Embankments 

 Cuts 

 Bridges 
 

 

 

 

 

 

Main effects on infrastructure:  

Toppled trees affect traffic flow by blocking routes. Additionally, they 
can also destroy power and communication systems. Bridges parallel and 
close to a slope can equally be affected. 

Measures: 

 Avalanche barrier (snow net) 

 Vegetation management plan 
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Local Phenomenon No. 36:  Wildfire 

Hazard category:  Other hazards 

Description:  
A wildfire is a large destructive fire that spreads quickly over woodland or bush. Prolonged dry periods and 
seasonal high winds help create ideal conditions for wildfires to spread quickly through an area of 
combustible vegetation. A wildfire differs from other fires by its extensive size, the speed at which it can 
spread from its source, its ability to change direction unexpectedly and to jump gaps such as roads, rivers 
and fire breaks. Wildfires can be caused by humans, but the main causes are listed below. 
Smoke can be transported over several kilometers.  
Additional information: A good overview fire distribution on a continental level is given by the Europe 
wildfire hazard map (European Spatial Planning and Observation Network). The individual member states 
provide further official or scientific wildfire hazard maps, e.g. wildfire risk hotspot maps for Italy (WWF) or 
the fire ignition risk map (Cadry et al. 2009, International Journal of Wildland Fire). 
 

Disposition criteria:  

 Dry soil  
 Combustible vegetation 

 

Triggering event: 

 Heat waves 

 Droughts 

 Lightning 

 Volcano eruption 

 Sparks from rock falls 
 Spontaneous combustion 

 

Relevance for: 

 Bridges 

 Tunnels 

 Embankments 

 Cuts 

 Centralized systems 
 

 

 

 

 

 

Main effects on infrastructure:  

Wildfires can destroy power and control / communication lines. 
Smoke and flames can block roads and railways as well as tunnels and 
bridges. Wildfires can cause structural damage to bridges located above, 
them and to embankments (geotextiles) and railways (stress in rails, 
damage to sleepers) 

 

Protection measures: 

 Fire resistant concrete 

 Fire protection cladding  

 Vegetation management plan 
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Local Phenomenon No. 37:   Magnetic storm 

Hazard category:  Other hazards 

Description:  
A magnetic storm is a major disturbance of Earth's magnetosphere caused by a very efficient exchange of 
energy between the solar wind and the space environment surrounding Earth. These storms result from 
variations in the solar wind that produces major changes in the currents, plasmas, and fields in the Earth’s 
magnetosphere. The solar wind conditions that are effective for creating geomagnetic storms are sustained 
periods (from several to many hours) of high-speed solar wind, and most importantly, a southward directed 
solar wind magnetic field (opposite direction to the Earth’s field) at the dayside of the magnetosphere. This 
condition is effective for transferring energy from the solar wind into Earth’s magnetosphere.  
During storms, the currents in the ionosphere and the energetic particles that precipitate into the 
ionosphere both add energy in the form of heat. Heating creates strong horizontal variations in the 
ionospheric density that can modify the path of radio signals and create errors in the positioning 
information provided by GPS. They can also disrupt navigation systems such as the Global Navigation 
Satellite System (GNSS) and create harmful geomagnetic induced currents (GICs) in the power grid and 
pipelines. 
 

Relevance for: 

 Centralized systems 

 

 

 

Main effects on infrastructure:  

Geomagnetic storms can disrupt radio signals and create harmful induced 
currents in a power grid. 

Measures: 

 Redundancy (e.g. for power supply) 
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Local Phenomenon No. 38:  Rodents 

Hazard category:  Other hazards 

Description:  
Rodents are mammals of the order Rodentia, characterized by a single pair of continuously growing 
incisors in each of the upper and lower jaws. 
Some species, in particular the brown rat, the black rat and the house mouse, are serious pests, eating 
and spoiling food stored by humans, and spreading diseases. Their gnawing may damage buildings, 
pipes, conduits and wiring and has been the cause of electrical fires. 
 

Relevance for: 

 Centralized systems 
 Railways 

 

 

 

 

 

Main effects on infrastructure:  

Rodents destroy rail components: conduits, energy cables and track 
signaling cables. This can lead to out-of-service time, thus affecting 
traffic flow. Apart from general railway infrastructure, road tunnels can 
equally be affected because they rely on various electrical systems. 

Measures: 

 Protection of rail conduits by nylon 

 Steel armoured power and track cables 
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Local Phenomenon No. 39:  Crossing Animals 

Hazard category:  Other hazards 

Description:  
(Wild) animals crossing mostly occurs at dusk and at night, but may occasionally occur in the 
daytime. Crossing by grazing livestock is mostly relevant near pastureland in the grazing period.  
 

Relevance for: 

 Embankments 

 Tunnels 

 Cuttings 

 Bridges 
 

 

 

 

 

 

Main effects on infrastructure:  

The impact on transport infrastructure of animals crossing affects the 
traffic flow since it may lead to accidents or periods when routes are 
blocked. 

Protection measures: 

 Wildlife crossings 
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Local Phenomenon No. 40:  Blackout 

Hazard category:  Other hazards 

Description:  
A blackout is a short- or long-term power loss to a certain area, caused by faults at power stations, 
power lines, substations or other parts of the grid.   
 

External trigger: 

 Earthquake 

 Flood 

 Extreme snowfall (snow loads and toppled trees) 

 Icing (ice load on power lines) 

 Lightning 

 Geomagnetic storm 

 

Relevance for: 

 Centralized systems 

 

 

 

 

 

 

Main effects on infrastructure:  

A blackout can disrupt control, communication and surveillance systems and 

block railways. Apart from general railway infrastructure, road tunnels 
can be affected because they depend on various electrical systems. 

Protection measures: 

 Power supply redundancy 

 

 

 

 

 

 

 

 



 
 
Initial event hazard Type No. 41:    Explosion 

Hazard category 1/2:    Man‐made intentional/unintentional 

Description: 
An explosion is a rapid release of energy (usually combined with the generation of very high 
temperatures)  and  an  increase  in  volume.  Shock waves  are  effects of  explosions  and  are 
used to further categorize explosions. If the shock wave is supersonic, then the explosion is 
called a detonation and  the source of  the explosion  is called a high explosive.  If  the shock 
wave is subsonic, the explosion is called deflagration and the source of the explosion is a low 
explosive. 
Conditions/triggering events: 
Liquid bombs or solid explosives in terrorist attacks. 

Initial event for: 

Relevance for: 
- Tunnels 
- Bridges 
- Embankments 
- Cuts 
- Centralized 

Systems 

 
 
 
 
 
 
 
 
 
 

Main effects on infrastructure:  
The shock wave resulting from an explosion can cause: 

- Direct damage to persons and indirect damage to persons 
from penetrating fragments 

- Physical damage to infrastructure elements 
- Negative impact on availability (out‐of‐service time) 

The crushing effect and cutting effects can cause: 
- Structural damage of load carrying members 
- Penetration of walls and slabs 
- Fire, as a secondary effect (see description of fire) 

Specific effects 
Bridges: 

- Movable bridges may be more vulnerable 
- Hollow cross‐section is more vulnerable than a solid cross‐

section 
- Concrete material is more vulnerable than steel (thickness of 

construction material) 
- Span and height may be factors for vulnerability  
- The bearing structure above the deck is relevant for 

suspension/bow‐string and cable‐stayed bridges 
Tunnels:  

- Superimposed earth load is specifically relevant for 
rectangular cross sections 

- Damage caused by explosion may lead to ingress of water or 
soil which increases the damage costs and out‐of‐service time 

- Explosion may cause the same damage to a tunnel, depending 
on explosion load and regardless of whether it is below water 
level/soft soil condition 

- Single shell construction can increase magnitude of structural 
impact 

Protection measures: 
Police  and  security  services;  Gas  detection;  Structural  reinforcement;  Prevent  parking; 

Prevent disposal/storage of waste materials; Increase safety height; Limit nature of loads 



Picture/scratch:  
 

 
 

 



 
 
Initial event hazard Type No. 42:    Fire 

Hazard category 1/2:    Man‐made intentional/unintentional 

Description: 
Fire  is  the  chemical process of  the  combustion of  solid matter,  liquid or gas and  releases 
heat,  light, and various  reaction products. The area affected by a  fire  can be divided  into 
three zones: the active fire zone, the heat zone and the smoke zone. 
Effects  of  the  fire  in  its  most  common  form  are  physical  damage  through  burning. 
Furthermore heat or the released reaction products present a serious danger, not only  for 
people but  also  for  the  structural  integrity of  the  infrastructure elements  affected  (heat). 
Uncontrolled burning that threatens human life or infrastructure can be created accidentally 
or intentionally (arson). 
Fires  in  tunnels are particularly  serious as  they  can generate very high temperatures and, 
together with  various  reaction  products,  such  as smoke,  they  present  a  serious  danger. 
Concerning bridges, fire under a bridge is particularly serious as it can affect the supporting 
structures. 
 
Conditions/triggering events: 
Road  vehicles  (HGVs),  trains,  aircraft,  arson  (vehicle‐,  train‐  or  aircraft‐borne),  remote 
ignition  of  burning/improvised  burning  device,  liquid  fuel  or  gas,  highly  combustible  (e.g. 
accidents involving easily inflammable materials, explosion, etc.) 

Initial event for: 

Relevance for: 
- Tunnels 
- Bridges 
- Centralized 

Systems 

 
 
 
 
 
 
 

Main effects on infrastructure:  
Fire can cause the following damage: 
- Direct damage to persons as a consequence of burning, heat and 

smoke (especially in tunnels) 
- Physical damage to infrastructure through effects of great heat 
- Negative impact on usability 
 
Specific effects: 
Bridges: 
- Bearing structure above the deck is relevant for suspension/bow‐

string and cable‐stayed bridges, etc. 
Tunnels: 
- Type of cross‐section can influence the extent of damage caused 

by fire 
- Damage caused by fire may lead to ingress of water or soil which 

increases the damage costs and out‐of‐service time 
- Single shell construction can increase magnitude of structural 

impact 

Protection measures: Gas detection, Fixed firefighting systems; Fire resistant concrete; Fire 
protection cladding, Closer emergency exits, Smoke exhaust system; Increase safety height, 
Prevent parking, Prevent disposal/storage of waste materials; Limit nature of loads; Active or 
passive fire protection in tunnel; Double shell construction in tunnels; Restrict parking below 
bridges. 
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Initial event hazard Type No. 43:    Blockade 

Hazard category 1/2:    Man‐made intentional/unintentional 

Description: 
A  blockade  is  an  intentional  or  unintentional  blocking  of  a  road  or  railway.  It  can  have 
accidental/natural causes  such as  toppled  trees,  rock  fall, accidents,  technical  failures, but 
also  political  ones  such  as  demonstrations  and  protests  (e.g.  strikes,  castor  transport).  In 
general,  blockades  do  no  harm  to  the  infrastructure  itself  but  cause  the  temporary 
unavailability of a road or rail section, leading to traffic disruption.  
 
Preconditions/triggering events: 
Road  vehicles  (HGVs),  trains,  aircraft  on  the  road/railway;  technical  failures,  accidents, 
intentional blockade by  throwing  things on  the  road or  railway  (stones,  trees, etc.);  illegal 
parking; demonstrations, persons/animals on road or railway. 

Initial event for: 

Relevance for: 
- Tunnels 
- Bridges 
- Cuts 

 
 
 
 
 

Main effects on infrastructure:  
Blockades do no harm to the infrastructure per se, but can result in 
out‐of‐service time of the affected element by rendering it 
unavailable for vehicles/road or rail users. 

Protection measures: 
Police and security services 
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Initial event hazard Type No. 44:    Excessive vehicle dimensions 

Hazard category 2:    Man‐made unintentional 

Description: 
 
Excessive vehicle dimensions is the unintentional driving of vehicles whose loads are too high 
or wide for the specific road or railway conditions (maximum height for lorries indicated by 
regulations/signs/physical height limits). This is different from ramming which is considered 
to be an intentional act. 
Excessive vehicle dimensions  can generate  strong mechanical  forces  that  cause  significant 
plastic deformation of the bodies involved. Mechanical impacts which should be considered 
include  those  derived  from  a  collision  between  the  vehicle  and  infrastructure  elements 
(tunnel or bridge). 
 
Conditions/triggering events: 
Disregarding signs/road or railway specifications. 

Initial event for: 

Relevance for: 
- Tunnels 
- Bridges 
 

 
 
 
 
 

Main effects on infrastructure:  
Excessive vehicle dimensions can cause the following damage: 
- Physical damage to infrastructure through effects of mechanical 

force 
- Damage to main structural components, leading to lengthy out‐

of‐service times 
- Direct damage to persons, as a consequence of the collision 

(collapsing infrastructure elements) 
- Negative impact on usability 

Protection measure: 
Loading Gauge 
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Initial event hazard Type No. 45:    Excessive vehicle weight 

Hazard category 2:    Man‐made un‐intentional 

Description: 
Excessive vehicle weight is the unintentional driving of vehicles with loads too heavy for the 
specific road or railway conditions (maximum indications of weight for lorries indicated by 
respective signs/weight limits). It mostly relates to overloading goods vehicles – particularly 
lorries for heavy goods transport; it is extremely relevant for bridges. 
Concrete and structural steel bridges exposed to overweight loads, or increased legal load 
limits, are particularly likely to suffer from the effect of fatigue. Fatigue results from 
repetitive stress which eventually causes the metal to break. A secondary effect of fatigue is 
corrosion. In steel reinforced concrete bridges, fatigue cracks the concrete and allows water 
or other contaminants to enter and affect the steel reinforcing bars. The bars corrode and 
cause expansion, which breaks the concrete cover off and creates more exposure to 
corrosion. This process continues until the carrying capacity is reduced to the point that the 
bridge can no longer support a load (taken from Washington State Department for 
Transportation 2006). 
Conditions/triggering events: 
Overloading of vehicles (especially HGVs) 

Initial event for: 

Relevance for: 
- Bridges 
- Tunnels 
- Cuts 
- Embankments 

(pavement) 
 
 

 
 
 
 
 

Main effects on infrastructure:  
Excessive vehicle weight can cause the following damage: 
- Physical damage to infrastructure through effects of repetitive 

stress to the infrastructure element 
- Damage to main structural components, leading to lengthy out‐

of‐service times 
- Pavement: 

o cracking and potholes 
o breaking and shorter life‐time 

- Bridges: 
o fatigue cracking of structural steel 
o corrosion of the reinforcing steel in concrete members 
o bridge closure or collapse  

- Negative impact on usability 

Protection measure: Loading Gauge 
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Initial event hazard Type No. 46:    Hazardous release 

Hazard category 1/2:    Man‐made intentional/unintentional 

Description: 
Hazardous release  is the dispersal of radioactive, chemical or biological materials/liquids.  It 
therefore has to be determined whether the release of hazardous materials is unintentional 
or intentional. 

Unintentional hazardous release is caused by accidents involving hazardous goods transport 
(HGT), for instance, of fuels, radioactive materials, acids and chemicals. For a classification of 
hazardous goods transport please see the European Agreement concerning the International 
Carriage of Dangerous Goods by Road (ADR) 1.   

Intentional  hazardous  release  is  meant  to  harm  people,  vehicles  and/or  infrastructure 
elements. People can be seriously injured and infrastructure elements may be unusable for a 
long period of time. Dispersal may occur through small improvised explosive devices (IEDs), 
non‐explosive dispersal devices or through a simple release (for example into the ventilation 
system). 

Radioactive  agents  like  uranium,  plutonium,  caesium  and  other  isotopes  can  be  used  to 
cause  contamination. Although  it  is  very unlikely  that  terrorists might use weapons‐grade 
radioactive material, it is widely recognized that they could quite easily acquire lower grade 
radioactive material,  such  as  that  used  in  hospitals,  and  use  it  for  a  dirty  bomb  (an  IED 
enriched with radioactive agents).  

Chemical agents exist  in many different forms, some of which are easily available and very 
hazardous. Terrorists could also attack road tankers carrying  industrial chemicals and cause 
immediate massive release.  

Biological  agents  are  pathogens  such  as  anthrax  and  smallpox  and  are  intended  to  harm 
people through  illness/sickness. A terrorist attack using biological agents  is very difficult to 
detect and therefore extremely dangerous.  Infected persons may not know that they have 
been exposed, and they may not feel sick for some time. The incubation period can make it 
very difficult to handle the consequences of such an attack. 

 
Conditions/triggering events: 
Accidents involving HGT or explosion leads to release of hazardous goods; terrorist attacks. 
 

1 see: http://www.unece.org/trans/danger/publi/adr/adr_e.html 

Initial event for: 

Relevance for: 
- Bridges 
- Tunnels 
- Cuts 
- Embankments 
 
 

 
 
 
 
 

Main effects on infrastructure:  
Hazardous goods release can cause the following damage: 
- Physical damage to the infrastructure through contamination 
- Negative impact on usability because of the need to 

decontaminate  
- Direct damage to persons, depending on the agent/hazardous 

good 
- Physical damage to the environment through contamination of 

nearby biotopes and other habitats iving space 
- Longer out‐of‐service times due to cleaning of hazardous 

materials  



Protection measures: 
Closer  emergency  exits;  Prevent  disposal/storage  of  waste  materials;  Limit  nature  of  loads; 
Restrict hazardous goods transport; Detection system  
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Initial event hazard Type No. 47:    Ramming 

Hazard category 1:    Man‐made intentional 

Description: 
Ramming  is defined as a moving object crashing with force (against another object, or two 
moving  objects  colliding  in  this way1.  In  particular,  this  includes  driving  vehicles with  the 
intention to ram  infrastructure elements or other vehicles  in order to cause major damage 
(sometimes  also  associated  with  suicide  acts).    It  needs  to  be  distinguished  from  un‐
intentional ramming, which is the consequence of excessive vehicle height.  
Ramming can generate strong mechanical forces that cause significant plastic deformation of 
the bodies involved, for instance a collision between a vehicle and an infrastructure element 
(tunnel or bridge). 
 
Conditions/triggering events: 
Intentional act/no specific cause 
 
1 adapted from http://www.collinsdictionary.com/dictionary/english/ramming

Initial event for: 

Relevance for: 
- Bridges 
- Tunnels 
 
 

 
 
 
 
 

Main effects on infrastructure:  
Ramming can cause following damage: 
- Physical damage to infrastructure through effects of mechanical force 
- Damage of main structural components leading to lengthy out‐of‐

service times 
- Direct damage to persons as a consequence of the collision (collapsing 

infrastructure elements) 

- Negative impact on usability 
 
Specific effects: 
Bridges 
- Bearing structure above the deck is only relevant for suspension/bow‐

string and cable‐stayed bridges, etc. 
- Ramming crash barriers can obstruct bridges for a considerable time  
- Characteristics such as: bridge crossing a road, railway line, river or sea 

inlet are relevant if pillars are reachable 
- Ramming a bridge pillar (ship or locomotive impact) can cause 

significant structural damage leading to out‐of service times lasting 
from weeks to months 

Tunnels: 
- Ramming an immersed tunnel  (ship ) can cause significant structural 

damage 

- Out‐of service times lasting from hours to days due to tunnel equipment 
being damaged

Protection measures: 
Structural reinforcement; Collision/ramming protection; Collision prevention

 
 
 
 



Picture/scratch:  

 



Initial event hazard Type No. 48:    Sabotage 

Hazard category 1:    Man‐made intentional 

Description: 
Sabotage in the context of transport security is an act to deliberately destroy, damage, or 
obstruct traffic or transport infrastructure, especially for political or military advantage.1  
This includes, for instance, acts that lead to the intentional blocking of the road or railway, 
and acts intended to disrupt communication and centralized control systems, which are 
highly relevant for the operation of transport networks (such as traffic or tunnel control 
centres; energy supply systems, signalling systems etc.). Sabotage is particularly common in 
the rail sector and includes cutting copper and fibre optic cables laid along high speed rail 
tracks, deliberately damaging tracks to cause derailment and disturbing signalling to cause 
collisions. 
 
Conditions/triggering events: Intentional act/no specific cause 
1
 adapted from: http://www.oxforddictionaries.com/definition/english/sabotage 

Initial event for: 

Relevance for: 
- Bridges 
- Tunnels 
- Cuts 
- Embankments 
- Centralized 

systems 
 

 
 
 
 
 

Main effects on infrastructure:  
Sabotage can cause the following damage: 
- Physical damage to infrastructure (tracks, pavement) 
- Indirect damage to main structural components leading to high 

out‐of‐service times 
- Direct damage to persons as a consequence of derailment or 

collapsing infrastructure elements 
- Negative impact on usability 
Specific effects:  
Tunnels:  
- Out‐of service times lasting from hours to days due to damaged 

tunnel equipment (e.g. ventilation) 
- Out‐of service times lasting from hours to weeks due to damage 

to waterproofing/joints 

Protection measures: 
Police  and  security  services;  Architectural  measures;  Access  and  approach  restriction;  Prevent 
parking;  Prevent  disposal/storage  of waste materials;  Locked  areas; Access  control  system; Video 
surveillance etc.  

Picture/scratch:  
 

 
 



Initial event hazard Type No. 49:    Theft 

Hazard category 1:    Man‐made intentional 

Description: 
Theft  is the act of stealing, specifically: the felonious taking and removing of property with 
intent to deprive the rightful owner of it.1 
Theft in the transport infrastructure sector is mostly associated with the stealing of transport 
infrastructure equipment, including: 

 cables, in particular precious metals (e.g. copper) 

 tracks (steel) 

 road signs 

 technical equipment from operation and control centres 
 
The theft of cable and metal in the rail sector can affect the operations and traffic flow of rail 
transport  causes  disruption  of  signalling  components,  which  are  critical  for  network 
operations. The  theft of  road equipment  (for  instance,  safety  installations  in  tunnels) may 
heighten risks for road users. 

 
Conditions/triggering events: Intentional act/no specific cause 
 
1  from http://www.merriam‐webster.com/dictionary/theft 

Initial event for: 

Relevance for: 
- Bridges 
- Tunnels 
- Cuts 
- Embankments 
- Centralized 

systems 
 

 
 
 
 
 

Main effects on infrastructure:  
Theft can cause: 
- Physical damage to infrastructure elements (theft of tracks) 
- Disruption of signalling systems, with significant out‐of‐service 

times (particularly in the rail sector) 
- Indirect damage to persons if safety equipment is stolen 
- Negative impact on usability 
- Damage to centralized systems (e.g. tunnel equipment; power 

supply lines; electrified railway lines; signal boxes) 

Protection measures: 
Police and security services; Architectural measures; Access and approach restriction 
(e.g. locked areas; access control system; video surveillance) 

Picture/scratch:  

 
 

 



Initial event hazard Type No. 50:    Cyber attack 

Hazard category 1:    Man‐made intentional 

Description: 
Cyber‐attack  is  any  type  of  offensive  maneuver  employed  by  individuals  or  whole 
organizations  that  targets  computer  information  systems,  infrastructures,  computer 
networks,  and/or  personal  computer  devices  by  various means  of malicious  acts  usually 
originating  from  an  anonymous  source  that  either  steals,  alters,  or  destroys  a  specified 
target by hacking into a susceptible system. Cyber‐attacks can range from installing spyware 
on  a  PC  to  attempts  to  destroy  the  infrastructure  of  entire  nations.  Cyber‐attacks  have 
become increasingly sophisticated and dangerous.1 
 
Cyber attacks in the transport infrastructure sector may involve the following: 

 Identity theft, fraud, extortion 
 Malware, Trojans and viruses 
 Stolen hardware, such as laptops or mobile devices 
 Denial‐of‐service and distributed denial‐of‐service attacks 
 Breach of access 
 Password sniffing 
 System infiltration 
 Intellectual property (IP) theft or unauthorized access 

In  particular,  cyber  attacks  can  affect  transport  operations  and  traffic  flow  due  to  the 
disruption of signalling components, which are critical for network operations.  
Conditions/triggering events: Intentional act/no specific cause 
 
Conditions/triggering events: 
Intentional act/no specific cause 
 
1  
from http://en.wikipedia.org/wiki/Cyber‐attack 

Initial event for: 

Relevance for: 
- Bridges 
- Tunnels 
- Centralized 

systems 
 

 
 
 
 
 

Main effects on infrastructure:  
Cyber attacks can cause the following: 
- Disruption of signalling systems, with significant out‐of‐service 

times and damage to persons  
- Negative impact on usability 
- Damage to tunnel equipment, power supply lines, electrified 

railway lines; signal boxes, etc.  

Protection measures: 
locked areas; Access control system; Video surveillance, IT security (firewalls, etc.)  

Picture/scratch:  
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