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Abstract 

This deliverable aims to specify vulnerability methodologies that can be applied to 
seismic risk analysis of fire-fighting system (FFS). In the first section the taxonomy 
for the components of a fire-fighting system is briefly reported for reference. Details 
for the typologies, fragility analysis models, damage states definitions and 
performance indicators of the different elements are given in deliverable D3.11 
(Kakderi et al., 2011). In the next section the general framework for the systemic 
vulnerability analysis as well as the inter-dependencies of fire-fighting system are 
described. It is noted here that the FFS is often common or similar with the water 
supply network (WSN), therefore the methods for the seismic risk analysis are also 
common and the reader is referred to the corresponding deliverables for the WSN.  
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1 Taxonomy of fire-fighting system 

1.1 GENERAL DESCRIPTION  

The fire-fighting system plays a major role in the management of crisis situations, such 
as floods and strong earthquake events. It is comprised not only by the pipeline network 
and fire faucets (either separate or dependent on the water supply system), but also a 
whole crisis management system (special units, fire fighters, etc). 

In case of an earthquake event, the primary role of the fire-fighting system is: 

o Rescue of people from collapsed buildings. 

o Rescue of trapped people to non-structural elements due to interactions of the 
lifeline systems with the urban fabric (e.g. loss of electric power supply may 
cause entrapments in elevators). 

o Suppression of fires caused by the earthquake. 

The fire-fighting system as a whole can be a separate system or part of the water 
supply network (WSN). In case it is a separate system, it is composed of a number of 
point-like facilities (fire-fighting stations, pumping stations, storage tanks, fire-hydrant) 
and of the distribution network itself. The internal logic of the critical facilities and their 
function in the management of the whole system should be modelled explicitly. The 
network portion of the system is made of pipelines. 

1.2 FIRE-FIGHTING SYSTEM COMPONENTS  

FFS01 Fire-Fighting Stations 

Vulnerability as per ordinary buildings. 

FFS02 Pumping Stations 

Same as per WSN. 

FFS03 Storage Tanks 

Same as per WSN. 

FFS04 Fire-Hydrant 

Can be classified according to their condition: Operational (yes, no), pressure and 
demand. 

FFS05 Pipelines 

Same as per WSN. 
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2 Systemic vulnerability methodology 

The fire fighting system is characterized by strong interactions with other lifelines such 
as the water supply, gas, electric power and communication-transportation networks. 
However, the supply of water and the functionality of fire hydrants employ the major role 
for the functionality of the fire fighting system. It is possible that the water pressure will 
be reduced after an earthquake due to pipe breaks/leaks or/and tank failures, 
aggravating the fire effects in case of lack or inadequacy of alternative water supplies. 
Fire-station buildings and tanks are also important components, as they house the fire 
fighting vehicles, they provide the necessary water quantities and they constitute 
administrative and management centers in cases of crisis. Consequently, the 
vulnerability of fire fighting system is strongly related to water system. 

For the systemic vulnerability and loss of water supply network (WSN), the reader is 
referred to D5.4 “Systemic vulnerability and loss for water and waste-water systems” 
(Argyroudis et al., 2011). 

In general, the adequacy of a fire-fighting system is determined by the flow, pressure 
and duration of water supply (Jones A.M., 2008). Usually, the biggest problem is that 
the water supply cannot deliver adequate pressure. Many water-based fire-fighting 
systems take their water directly from the municipal/ public water network, where the 
pressure is determined by the water purveyor to meet the projected water needs of the 
community. Many systems provide constant water pressure throughout the community 
that might range from 50 p.s.i. to 100 p.s.i. However, there are other communities 
where the water purveyor might deem it necessary to create different pressure zones 
within the network to support the diverse development. When water-based fire-fighting 
systems have adequate supply but need additional pressure and flow of water, fire 
pumps can be used.  

Regarding the operation of fire hydrants, usually a hose is attached to them, then the 
valve is opened to provide a powerful flow of water, on the order of 350 kPa (50 p.s.i. or 
lbf/in²) (this pressure varies according to region and depends on various factors 
including the size and location of the attached water main). "Normal" pressure range 
between 350-840 kPa (50-120 p.s.i.). Below 350 kPa (50 p.s.i.) means that the water 
must be pumped, while over 840 kPa (120 p.s.i.) is considered an extremely high 
pressure.   

The hose can be further attached to a fire engine, which can then use a powerful pump 
to boost the water pressure and possibly split it into multiple streams. The hose may be 
connected with a threaded connection, instantaneous "quick" connector or a Storz 
connector. Care should be taken not to open or close a fire hydrant too quickly, as this 
can create a water hammer which can damage nearby pipes and equipment. The water 
inside a charged hoseline causes it to be very heavy and high water pressure causes it 
to be stiff and unable to make a tight turn while pressurized. When a fire hydrant is 
unobstructed, this is not a problem, as there is enough room to adequately position the 
hose. 
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Most fire hydrant valves are not designed to throttle the water flow; they are designed to 
be operated full-on or full-off. The valving arrangement of most dry-barrel hydrants is for 
the drain valve to be open at anything other than full operation. Usage at partial-opening 
can consequently result in considerable flow directly into the soil surrounding the 
hydrant, which, over time, can cause severe scouring. A hose with a closed nozzle 
valve, or fire truck connection, or closed gate valve is always attached to the hydrant 
before opening the hydrant's main valve. 

2.1 SYSTEM COMPONENTS VULNERABILITY 

In the majority of the cases, fire-fighting needs of urban areas are covered by the water 
supply system. There are only very few references of separate fire-fighting systems, as 
well as reporting of incurred seismic damages. 

The vulnerability and seismic loss assessment of fire-fighting system is performed 
according to what is proposed to Deliverable 3.5 (Alexoudi et al., 2010). For fire stations 
the methodologies proposed in Deliverables 3.1 (Crowley et al., 2011a) and 3.2 
(Crowley et al., 2011b) could be used. 

2.2 INTER-DEPENDENCIES  

Interactions between lifelines and infrastructures with the urban fabric affect significantly 
the response of the fire-fighting system. For example, damages to fire stations may lead 
to destruction or blockage of fire vehicles. Fire response may be hampered due to 
incurred damages to tanks, fire pipelines, or fire hydrants, resulting in loss of pressure 
or water supply. Moreover, failures of the road network (roadways, bridges) or collapses 
of buildings in major roads may cause important hindrances in the movements of fire-
fighting means. 

The inter-dependencies between the fire-fighting system and the other systems are 
described in Table 2.1. They are distinguished in physical (direct) and geographic, 
restoration, substitute (indirect) inter-dependencies. Furthermore, they are classified as 
crucial, important and secondary. Within SYNER-G it was decided to study only the 
direct/crucial interactions in the "crisis short-term" period.  

 

 

 

 

 

 

 



Systemic vulnerability methodology 

 9 

 

Table Error! No text of specified style in document..1 Inter-dependencies between the 
fire-fighting system and other networks as identified in SYNER-G. 

   Impacts 

 
 BDG EPN WSS WWN GAS OIL RDN HBR HCS FFS SHM HIM 

Buildings BDG          2-Geo   

Electric 
power 
network 

EPN   
  

     1-Phy   

Potable 
water 
network 

WSS 
       

 
 

1-Phy, 
3-Res   

Waste-
water 
network 

WWN 
       

 
 

3-Phy 
  

Gas 
network 

GAS             

Oil network OIL          2-Geo   

Road 
network 

RDN   
  

     
1-Phy, 
3-Res, 
3-Geo 

  

Harbor HBR          
3-Phy, 
3-Res 

  

Health-care 
system 

HCS               

Fire-
fighting 
system 

FFS 2-Phy  2-Sub  3-Phy 3-Phy    
  

 3-Phy

Shelter 
model 

SHM             

Health 
impact 
model 

HIM          
 

  

 

Priorities definitions: 

1-Crucial dependencies  

2-Important dependencies  

3-Optional/secondary dependencies 
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Types of interactions: 

Direct: 

Phy: Physical, functional interdependency - functional damage propagation. 

Indirect:  

Inf: Cyber, informational interdependency 

Geo: Collocation, geographic, space interdependency - physical damage propagation. 

Res: Restoration - recovery interdependency. 

Sub: Substitute interdependency. 

Seq: Sequential interdependency - scaling effects. 

Log: Logical interdependency, financial markets - policy/procedural interdependency. 

Gen: General interaction. 

Soc: Societal interdependency. 

3 Software implementation 

The software implementation of the water system is described in D5.4 “Systemic 
vulnerability and loss for water and waste-water systems” (Argyroudis et al., 2011). 
When the water supply system is used for fire-fighting purposes as well, the fire 
hydrants comprise additional demand nodes, where the power flow pressure is the most 
important attribute.  
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