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Some definitions in every day usage

Taken from http://www.dictionary.com

• Risk – possibility of suffering harm, loss; danger – a hazard

• Hazard – a chance and accident, possible source of danger

• Vulnerability – susceptibility to injury or attack
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Technical definitions are many and various – see Table 1 of written paper

Risk is
Probability * loss
Probability * consequence
Probability of a consequence
Probability of a hazard
Depends on three elements, hazard, vulnerability and exposure
Vulnerability * Hazard

Hazard is
Potential threat
An event with potential to cause harm
Probability of potentially damaging phenomenon e.g. an earthquake

Vulnerability
Susceptibility to damage
Susceptibility to disproportionate damage
Finding the weakest link
Resilience, adaptability



hazard is ‘potential for harm’

- it is a ‘state of the system’
- can be in past, present or future
- can incubate to create an ‘accident waiting to happen’ or
an opportunity to be taken to add value

vulnerability is ‘susceptibility to damage’

- potential for damage (i.e. specific part of hazard)
- a state of the form of the system which makes it
susceptible to particular actions (e.g. earthquake, terrorism)
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Risk 

- The chance of an event in the future

- Harmful event arises out of future hazard

- Unforeseen opportunities to add value

- Must be understood and accepted or tolerated in a context 
e.g. degree of control by individual – dangerous sports

- Acceptable public risks determined through a political process

- Engineers must therefore play a part in that process
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“Decision makers who ignore these
relationships between disasters and
development do a disservice to the 
people who place their trust in them.

Increasingly around the world, forward
thinking Ministries of Planning and 
Finance with the support of the UN
and NGOs are assessing developmental
Projects in the context of disaster 
Mitigation and are designing disaster
Recovery programs with long term
development in mind.”

UNDP 1994



Taken from UNDP disaster management training programme
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p (F & D & H) = p (F / H & D) . p (D/ H) . p (H) 

= p (F / D) . p (D / H) . p (H)

Vulnerability Hazard

1  Failure       Damage

∩

which means no failure
without damage i.e.
the damage is necessary to
get failure.

2  Damage      Hazard
∩

which means no damage
without hazard i.e. 
the hazard is necessary
to get damage

AssumptionsHazard H

Damage D

Failure F

Here vulnerability, response
and hazard are defined
In terms of the chance of
a particular level of damage
and hazard.  Failure is the
final level of total damage



Contents

1. Risk, hazard and vulnerability - meanings

2. Technical definitions 

3. Risk is in the future

4. Acceptable risk - a political process 

5. Risk combines vulnerability and hazard

6. There are various vulnerability indices

7. Susceptibility to disproportionate collapse

8. Self certification

9. Conclusions













Damage classes

D1

D2

D3

D5 = F

D4
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a) Structure under dead and imposed load
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b) First deteriorating event d1 (initial damage of m8)

c) The failure of m8 results in the failure 
of m7, m12 and m14 i.e. events d2, d3, d4

d) The structure becomes a mechanism

Initial damage Member failing under dead
and imposed load Failed member

Example of progressive collapse

from damage events d1 to d4



Robustness of Structures

• Common measures for protection
- Strengthening schemes
- Manage loads and usage

• Examine the form of the structure
- identify inherent weakness in form
- explore actions posing the threats
- manage the associate risks
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D5 = F

Progression through Damage Classes
D1 to D5 = F in a given hazard

Trajectories through
damage classes

Damage events d1 to d4

d1

d2
d3

d4

Trajectory through
damage events –
a failure scenario

D4

High vulnerability
trajectory

One possible failure scenario
of 4 damage events -
each has a vulnerability index



Vulnerability

• A system is vulnerable if small damage 
produces disproportionate consequences.

• If a system is vulnerable in any one way, it is 
not robust.

• There is no accepted theory of robustness.
• Vulnerability theory helps us to find the ‘weak 

links’ in a system
• Hazard – potential for harm
• Vulnerability – susceptibility to damage, 

weakest link
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Failure Scenarios
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Managing Structural Risks
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A measure of hazard potential

Thermodynamic entropy
• Measure of:

– Amount of energy in a system not 
available to do work.

– Disorder in a system.
– i.e. the higher the entropy the less useful 

work can be done and the greater the 
disorder

.Temp
HeatFlowEntropy Δ

=Δ



A measure of hazard potential
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Hazard potential curves for different total failure scenarios
'A measure of an accident waiting to happen'
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Risks ultimately depend on the competence of people – structural engineers

Tony Gibbs ‘There is no need for the setting up of elaborate
inspectorates to enforce building codes’

In the UK there is a politically driven motivation to reduce regulation
Government is encouraging self – certification provided no reduction in safety

England & Wales – submit plans to local authority
Scotland – self certification run by SER Ltd of IStructE/ICE
Similar scheme for England & Wales being lead by John Hill
Northern Ireland moving in this direction
British Columbia 
Hong Kong
Singapore

See Sue Doran Structural Engineer Sept 2005



Conclusions
1. In everyday language risk, hazard and vulnerability are used interchangeably

2. There are different technical ways of defining risk 

3. Risk is in the future

4. Acceptable risk is decided through the political process 

5. Earthquake risks must be assessed

6. The UN has defined the terms for use in earthquake Engineering

7. Risk combines vulnerability and hazard

8. There are various vulnerability Indices

9. Vulnerability is also about susceptibility to disproportionate collapse

10. New measure of robustness proposed

11. Hazard potential – increases with damage to a maximum

12. Self certification is becoming possible through IStructE
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