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Summary  

Typical for extreme events is their multidisciplinary character. The complex, multidisciplinary 

character of hazards makes it difficult to deal with them in a simple way and to judge them against 

simple criteria. In this contribution different types of hazards and disasters that really took place in 

the past are discussed in view of their local, or sometimes global dimensions and their complexity. 

After that concepts for judgment hazards are dealt with. Emphasis will be on aspects that are typical 

for Low Probability/High Consequence risks, particularly industrial risks. This leads to a brief 

discussion on potential role of structural designers to mitigate the consequences of industrial 

accidents. This part leads to a more general discussion about our responsibility and how to deal with 

complex judgment processes of risk bearing activities.  

 

1 INTRODUCTION 

1.1 Natural disasters  

It seems that more recent natural disasters have a greater impact than those occurring a long time 

ago. The sudden occurrence of a disaster, e.g. earthquakes or tsunamis, further increases the impact 

on society. In spite of improvements in sensitive early-warning devices tsunamis and the 

earthquakes do surprise people. In the Dutch Technical Newspaper of 7 October 2005 an article has 

been published under the heading “Heavy earthquakes can be predicted quite well“. In that article 

the Geophysical Research Letters from 2005 were quoted, in which a Swedish scientist said that 

with the presently available monitoring systems earthquakes such as the one that caused the 12/26 

tsunami in Asia could have been detected. One day after this article was published, 8 October 2005, 

the big earthquake in Kashmir took place. No warning in advance! Tens of thousands of people 

were killed. Only the availability of technology is no guarantee that society will benefit from it. 

Technique and technology, if available, should be installed and implemented at the right place and 

the right time and operated in the right way by well-trained people. This observation illustrates the 

involvement of man, in one way or another, when it comes to the consequences of natural disasters.  



  

Table 1.  Statistics of major disasters 

Year Location Type  Casualties Source 
14th 
century 

Europe 
China 

Black death 
 

75,000,000 
20,000,000 

Yamakawa (Japan) 

1421 The Netherlands St. Elizabeth Flood 100,000  
1556 Shaanxi, Henan (China) Earthquake 830,000  
1815 Indonesia – Tambora Vulcan eruption 90,000  
1876/79 China Famine 15,000,000 Yamakawa (Japan) 
1876/79 Bangladesh Famine 4,000,000 Yamakawa (Japan ) 
1887 China  Flooding Yellow River 900,000  
1896 Japan Tsunami 27,000  
1923 Japan - Tokyo Earthquake 140,000  
1959/60 China Famine 40,000,000 Guinness Book of Records 
1970 Bangladesh Cyclone 500,000  
1976 Tangshan (China) Earthquake 242,000  
2002 India, Gujarat Earthquake 15,500  
2003 Iran - Bam Earthquake 27,000  
2004 Asia  Tsunami 250,000  
2005 Kashmir Earthquake Tens of 

thousands 
 

 
Even though the recent natural disasters, like the 12/29 tsunami in Asia in 2004 and the Kashmir 

earthquake in 2005, must be categorised as extreme events, they are not unique in history. Table 1 

shows a still incomplete list of large natural disasters worldwide. In the past it were the epidemic 

diseases, which killed millions of people. Today, draught is one of the most severe threats the world 

is facing. In the three years between 9/11 and 12/26 millions of people have suffered from famine 

and lost their life. Each year about 100,000 children younger than 5 years starve to death. Even 

more devastating is AIDS. In 2005 over 3.1 million people died because of this disease. Twenty 

five million to forty million people in Africa are estimated to suffer from this disease. Only in South 

Africa AIDS kills more than 200,000 people each year. As a consequence of this the average age of 

the people in Africa is now lower than thirty years ago! (World Health Organisation).  

Not only mankind, but also the environment is in danger (in so far these two are not connected!). 

According to the World Water Council twenty five million people are “environment refugees”. 

They are forced to leave their homes because of lack of clean water, risk of flooding or draught. 

According to Serageldin of the World Water Council in 1999 only two of the five hundred big 

rivers are clean, viz. the Amazon river and the Congo river. In the past decade central Europe 

appears to suffer increasingly from risks of flooding of the big rivers. Climate change, some people 

even say man-made climate changes, are said to be one of the causes of this situation. It seem that 

today mankind can look back to and enjoy many blessings of our technique-stamped world. But at 

the same time it seems that, in spite of all available technology and technique, we don’t have things 

under control completely. 



1.2 Industrial disasters 

Many hazards in the industrialised world are closely related to the increasing use of energy and raw 

materials. This increase is strongly correlated with the increasing world population, which shows a 

sharp increase after the midst of last century. A comparison of the increasing world population and 

energy consumption, as shown in the figures 1 and 2, suggests a strong correlation between these two 

quantities indeed. The expansive economies in countries like China en India will lead to a further 

increase in industrial activities and associated consumption of energy and raw materials. 
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Figure 1  Development of world population [1]         Figure 2  Energy scenario from 1860 to 2060 (after [2]) 
  
 

In [2] a study has been referred to showing a strong correlation between the increase in energy 

consumption and the number of large industrial accidents. Figure 3 shows a linear correlation between 

energy consumption and the number of industrial accidents per year with direct losses exceeding US$ 

10,000,000 in the period from 1954 to 1984. In many accidents the indirect losses are a factor ten, or 

even more, higher than the direct losses. The direct losses in the Mexico LPG disaster in 1984, for 

example, amounted to over $ 150,000,000.00.  
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Figure 3  Correlation between major industrial disasters with direct loss exceeding US$ 10,000,000 (1950 – 1984) [2] 



  

1.3 Cost of catastrophe losses 

An extreme case that sharply illustrates the impact of indirect costs is the Chernobyl disaster. Shortly 

after this event the direct losses were estimated at 4 to 5 billion US$. Indirect and long-term losses 

due to deprived income from lost crops have been estimated between ten and twenty billion US-dol-

lars after ten and twenty years, respectively [3]. In these figures claims for losses experienced out-

side the former USSR have not been taken into account. These losses also exclude the costs for ex-

tra health care for people still suffering from the consequences of this accident, including the care 

for recently born disabled children. Eighteen thousand children have meanwhile been treated in 

Cuba for radiation diseases. British researchers have estimated to number people who died because 

of “Chernobyl-cancer” between thirty to sixty thousand (Technical Weekly, No. 15, 2006 (in 

Dutch)).  

The Chernobyl disaster is, of course, a very extreme case. In general it can be said, however, that 

the cost of disasters steadily increases. In 2004 the world wide insured disaster losses amounted to 

US$ 49 billion [4]. Increased population density and concentration of industrial activities and of 

property values make that potential impact of both natural or industrial disasters tend to increase 

further in the future. Positively it can be said that the observation in the preceding section that the 

frequency and intensity of disasters are correlated with the population density and the density of 

industrial activities also provides us with keys for mitigating the consequences of disasters. As an 

example Land-Use Planning (LUP) can be mentioned. Land use planning is a typical activity of man. 

We, planners, decide about the distance between industrial plants and residential areas, how rain and 

melt water will be discharged to canals and rivers, whether villages and cities will arise close to a 

fault, where sluices and dams are build and how high they are. All these man-made decisions affect 

the consequences of extreme events and make that man bears responsibility for them! A subsequent 

question is now how people can react adequately on the responsibility issue.  

 

2 SAFETY CONCEPTS 

2.1 The risk concept 

One possible reaction on the responsibility question has been the development of safety concepts, like 

the risk concept. Early applications of the risk concept are found in the insurance business. In the 

structural field first applications are found in aviation engineering [5]. In the traditional risk concept 

the risk R is defined as the product of the event probability P{F} and the consequences C:  

R = P{F} * C            (1) 

The probability of failure depends on the density functions of both the available resistance and the 

actions. The consequences can be expressed in, for example, the number of fatalities or in financial 
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Figure  4.   Flow chart for decision making according to the conventional risk concept [2] 
 

losses. By dividing the consequences, i.e. the number of fatalities per year, by the number of people 

living within the sphere of influence of a risk-bearing activity, the individual risk (per person per year) 

is obtained. For judging the acceptability of risk bearing activities the calculated risk R is compared 

with an acceptance criterion, to be defined by an owner or by legislative authorities.  

In The Netherlands and in the UK the risk concept is one of the most important tools for judging 

risk-bearing activities and in decision-making processes [6]. Based on statistical accident data and 

accident scenarios, complex processes can be analysed and the weak points of complex systems can 

be traced already in the design stage of a project. Large industrial catastrophes and increasing 

environmental problems have revealed, however, that a complete reconsideration of the risk concept 

is needed. Such reconsideration is needed in all those cases where, for example, the event prob-

abilities cannot be checked because of a lack of statistical data or where the consequences of an 

accident may become extremely high (Low Probability/High Consequence Risks) [7]. Moreover, also 

from a more fundamental, philosophical point of view the risk concept requires a critical re-appraisal 

[8,9,10,11]. This even more because particularly licensing and approval authorities seem to be 

prepared to tune acceptance criteria for risk-bearing activities to the outcome of Quantitative Risk 

Analysis (QRA's). To understand the reason for criticism, some basic features of the risk concept will 

be briefly discussed here (see also [2,7]).  

2.2 The acceptance criterion 

In the risk concept a calculated risk is compared with a risk that is considered acceptable to society. In 

The Netherlands the basis for the acceptance criterion is the individual risk that a person may die at an 

age of fourteen due to a "natural" cause. In the industrialised countries this risk is about 10-4 per year. 

  



Following the British Advisory Committee on Major Hazards [12], the acceptance criterion can be 

fixed at 1 per cent of this value, i.e. 10-6 p.a.. A risk of 10-8 could be considered negligible [13].     

Whether it is justified to consider a single valued, one-dimensional criterion, i.e. a fatality rate, as a 

sufficient criterion for judgement of risk-bearing activities is still a point of debate. Particularly in case 

of a high number of fatalities in one event the individual risk is considered not to be a sufficient 

criterion. In those cases the number of fatalities in one event, the societal risk, is an additional 

criterion. This societal criterion is used in, for example, The Netherlands [6]. Another point of 

concern is a more ethical point, viz. whether it is justified to take a fatality rate unequal to zero, even 

if it is a very low value, as an acceptance criterion for risk bearing activities. The ethical point is that, 

in essence, people judge themselves qualified to set the price, in terms of a number of fatalities, for 

the preservation of a certain level of prosperity without giving an answer to the question as to whether 

the present level of prosperity is justified at all! [14].  

2.3 Low Probability / High Consequence Risks  

There is no doubt that the risk concept, and implicitly the Quantitative Risk Analysis (QRA), is a po-

werful tool for ranking of safety levels and tracing the vulnerable points of structures, systems, facili-

ties, processes and activities. At the same time, however, the risk concept has been judged inap-

propriate for comprehensive judgement of risk-bearing industrial activities. This would hold 

particularly in case of Low Probability/High Consequence Risks. In those cases the theoretical risks 

are rather uncertain because of the lack of statistical data concerning magnitude and character of the 

actions.  

2.4 Risk spectra  

  

The foregoing comments on the ‘classical’ risk 

concept can be explained with the risk spectra 

proposed by Bomhard [9] and shown in Figure 5. 

The risk spectrum K1 indicates well-defined risks 

associated with, for example, storage of some raw 

materials and well defined industrial processes. 

Spectrum K2 represents the risk adopted in some 

branches of the process industry, where cata-

strophic accidents have turned out to be possible. 

Examples are the Bhopal accident in 1986 and the 

Mexico City LPG-disaster in 1984 (see [2]). Spec-

trum K3 stands for activities of which the consequences in case of an accident are so high, or the 

probability even unpredictable, that it would not be justified to accept them. Examples of K3-risks 

are found in the waste management sector. In order to cope with this type of problems "System 
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Figure 5  Risk spectra (after [10]) 
 



Technology" has been introduced. Spectrum K4 represents a Low Probability/High Consequence 

Risk. In those cases the theoretical event probability is so low, that no statistical data is available to 

verify these figures. Core melt-down accidents in nuclear power stations can be examples of these 

K4-events. In those cases we are extrapolating beyond our experience horizon. With increasing con-

sequences C of an accident the theoretical probability of failure P{F} required to meet a specified 

risk criterion must decrease. This brings us close to a "zero times infinity" problem. This product is 

undefined and brings us beyond our experience horizon. Any comparison of theoretical risks, of 

which the reliability cannot be checked because that would take too long a verification period, with 

a statistics-based hard risk criterion, is debatable. Faced with this dilemma, alternative concepts 

have to be considered.  

 

3 BEYOND THE RISK CONCEPT - THE EXTENDED RISK CONCEPT  

According to Slovic [15] “risk” is a multidimensional, cultural-based and subjectivity affected 

concept Therefore, for accepting any activity an integral, multidisciplinary judgement of all conse-

quence aspects is required. For that purpose the Extended Risk Concept has been proposed [2,7]. In 

this concept the single-valued acceptance criterion, i.e. the risk R, is now a sufficient criterion for 

rejecting an activity, but an insufficient criterion for accepting an activity. All the consequence aspects  
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Figure 6  Concept for Extended Risk Concept for integral judgement of Low Probability/High Consequence Risks [7]. 

  



  

together form the potential of disruption (P.o.D.). When this potential of disruption exceeds the limits 

of responsible stewardship, the activity, technique of technology should be rejected, at least in its 

unmodified form. The limits of responsible stewardship are not one-dimensional, but reflect the total 

set of norms adopted by society. It may be argued, that a comprehensive judgement process, in which 

a variety of completely different consequence aspects have be to dealt with explicitly, will end in 

lengthy discussions, since many of these aspects require value judgement. However, many modern 

safety and environmental problems are so big and unprecedented that they deserve a reconsideration 

of judgement procedures. The extended risk concept is in fact to be considered as a plea for an in-

tegral and comprehensive judgement of risk-bearing activities. A prerequisite for successful operating 

with an enhanced risk concept is a availability of complete and consistent hazard scenarios.    

 
 

4 SCENARIOS THINKING AND CASE STUDIES 

4.1 Scenario Thinking  

Event trees form the basis for quantitative risk analysis. For developing event trees, data is required 

about the particular site, the products that are processed and all particularities as regards processes 

and activities on the plant. Subsequently, accident-initiating events must be identified. The quality 

of this part of the work strongly depends on the creativity of engineers. For their work they will 

make use of statistics, models for hazard actions and advanced simulation software. Very often 

statistical data is scarce or even absent. May be even more serious is the observation that even in 

case statistical data is available it teaches us that less than 60% of the accidents scenario’s had been 

foreseen [16].  

The consistency and completeness of event trees are decisive for the reliability of the predicted 

event probabilities and of the extent of the consequences. Inconsistency and incompleteness will 

almost inevitably result in unbalanced, and often ineffective and uneconomic protective measures. 

As yet, inconsistency and incompleteness and cannot be modelled [17]. Nevertheless, there is no 

doubt that consistent and comprehensive scenario thinking is a prerequisite for the development of 

reliable and effective safety measures. A short description of two industrial accidents may illustrate 

what we can learn from past accidents.   

4.2 Case Study I: Large Tank Farm Fire   

A tank farm for storage of different types of hydrocarbons consisted of 76 tanks with storage 

capacities varying from 30 m3 to 2,900 m3. During work for modification of one of the installations 

an accident happened. Some tanks in the close vicinity of the accident were still in operation. The 

accident began in a retention basin in which the tanks were located (Fig. 7, upper part). A chain of 



events started with a flash fire, followed by an explosion after one minute. After about ten minutes a 

250 m3 vessel took off like a rocket, vertically, reached 200 to 250 m altitude and dropped into the 

water 60 m outside the storage area (Fig. 7, bottom part). The initial fragment velocity must have 

been 60 to 70 m.s-1. After a short time one third of the basin was covered with fire. Five other tanks 

exploded and were projected inside the storage area.  

It was noticed that the retention basin of the tanks, although of concrete, was not waterproof, so that 

fire-fighting water could slip into the ground. The fact that the concrete retention basin did not per-

form tight, however, should not be attributed to the use of concrete, but to inadequate design of the 

basin. Obviously the wall of the retention basin had been designed just for retaining the liquid, but 

not in combination with an accidental fire. Actually this is an example of inconsistent and 

incomplete scenario thinking, resulting in inadequate functioning of the protective structure! 

compressors workshop
cranearea of work
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Figure 7   Tank fragmentation in a storage facility [18] 
 

4.3 Case study II: Collapse of ammonia storage tank 

  

Several large accidents have happened in the past, whereby a steel storage tank suddenly failed in a 

so-called "zipping mode", i.e. a sudden rupture failure of a steel tank. An accident of this type 

occurred at the fertiliser plant schematically shown in Fig. 8. A steel ammonia tank, with a capacity 

of 7,000 tons of ammonia, failed instantaneously due to instability of the contents ("roll-over"). The 

400 mm thick concrete retention wall was only designed for hydrostatic load but not for a dynamic 

zip loading and collapsed when hit by the zipping steel tank. The contents spread over a large area 
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Figure 7 Collapse of cryogenic storage tank on ffertilizer plant (1989) [28] 
 

and caught fire. Due to the fire a conveyor belt failed and fell into a silo for storage of ammonia 

nitrate. Also this product caught fire, generating a toxic nitrous cloud, which covered an area up to 

400 km2. Thirty-two thousand inhabitants of a nearby city had to be evacuated. If the concrete wall 

had been designed for the zip-loading the consequences of this accident would have been sub-

stantially less.  

4.4 Evaluation of hazard scenarios  

The two case studies illustrate the complexity of hazard scenarios. For the QRA both the expected 

frequencies of initial events as well as the extent of the consequences are required. If it comes to 

judgement of the acceptance of this type of risk-bearing activities, the classical risk concept or the 

extended risk concept can be used. In the latter case emphasis is on the total set of consequences 

rather than on the risk, whereas in the former concept the focus is on the individual risk, maybe 

extended with the societal or group risk. In [6] is was found that accidents leading to the formation 

of nitrous clouds which can travel over large distances have a dominant role in the judgement of 

this type of activities, particularly in a consequence-based judgement concept. Consequence-based 

concepts are recommended particularly for judgement of LP/HC risks, where consequence control 

is the primary goal.  

 

5 PROTECTIVE SYSTEMS AND CONSEQUENCE CONTROL 

5.1 Specific features of structural protective systems 

  

Among the methods for mitigating the risks and consequences of risk-bearing activities we can 

distinguish between methods for active safety, passive safety, inherent safety, defence-in-depth and 

system technology [2,9]. Here we will restrict ourselves to passive safety and how this can be 



achieved. Passive safety can be realised by structural protective systems. These structures can be 

designed to protect people and environment against external and internal hazards. The function of 

protective systems is shown schematically in Fig. 9. External hazards are natural phenomena, like ex-

treme climatic conditions, hurricanes and tornados, earthquakes, floods and lightning, as well as 

industry-related hazards, like gas cloud explosions, extreme thermal loads (fires and cryogenic tem-

perature loads) and impact loads. Internal hazards are, for example, fires and explosions, which occur 

inside a protective structure due to malfunctioning of an industrial process or human errors.  

• Network  centre

• Bulk storage of 
hazardous waste

• Storage of 
energy carriers

• high risk
activities  tornado

blast

∆p

impact

radiation

Physico-
chemical 
attack

∆p
impact

fire

vapour

• Network  centre

• Bulk storage of 
hazardous waste

• Storage of 
energy carriers

• high risk
activities  tornado

blast

∆p

blast

∆p

blast

∆p

impactimpact

radiation

Physico-
chemical 
attack

Physico-
chemical 
attack

∆p∆p
impactimpact

firefire

vapourvapour

 
Figure 9  Structural protective systems – Protection against external (left) and internal (right) hazards [2]. 
 
 
For proper functioning a protective system shall exhibit at least five basic protective features: viz. 

load bearing, shielding (isolation), insulating, retaining and structural integrity. 

Load bearing -- During normal operation a protective structure has to carry its own weight, all 

actions associated with the operation of the facility to be protected as well as climate-induced 

actions. In many cases, however, the protective structure also fulfils an active load-bearing function 

in the operational stage, for example in case of a load-bearing tank wall for storage of hazardous 

liquids and control buildings. 

Shielding and isolation -- The shielding capacity of protective structures is generally expressed in 

terms of energy absorption capacity. Particularly in case of dynamic loads, like explosions, impact 

and earthquakes, energy dissipation enhances the probability of the structure to survive. A special 

form of shielding is isolation, a form of protection used in a-seismic designs whereby sensitive parts 

of a structural system are partly physically separated from the agitated environment by isolators 

[19,20]. 

Insulating -- A specific form of shielding is insulating. It refers to the protection against either radi-

ation (fire) or cryogenic temperatures. A material with low thermal conductivity and high heat 

capacity is recommendable. 

  



  

Retaining -- Protective systems may be designed for storage of solids, liquids and gases. Parti-

cularly in case of storage of liquids and gases the container shall be liquid- and/or gas tight. Wheth-

er any leakage from the container shall be prevented or some minor leakage is considered ac-

ceptable, will depend on the consequences of leakage. In case leakage of toxic gases is involved full 

tightness is a prerequisite. When flammable or explosive products are involved, accident scenarios 

are conceivable where minor leakage will not lead to escalation of the accident. In those cases 

minor leakage can be permitted and adequate tightness is sufficient (for adequate tightness, see par. 

5.3).  

Structural and systems integrity -- The afore-mentioned basic protective functions of structural 

protective systems can be considered as particular features of a structural system of which the 

integrity must be guaranteed under all foreseeable circumstances. Structural integrity can be 

accomplished by a well-considered structural design. With 'systems integrity' not only the structural 

design, but the consistency in performance of the protective system as a whole is meant. 

5.2 Preventing uncontrolled release  

A major function of protective systems is to prevent that a failure could develop into a major 

catastrophe. This requires control of release of hazardous substances. In other words, protective 

systems should exhibit a certain level of tightness. Tightness criteria should be consistent with 

relevant hazard scenarios. For tightness criteria this implies, for example, that it is not always 

necessary to require “zero leakage”. For example, in the case the contents of a tank is burning minor 

leakage through the tank wall during the fire might be acceptable as long as this does not aggravate 

the situation. In other cases, however, a protective structure should prevent any leakage, as it would 

directly endanger people and environment. Depending on the type of structure, type of substances 

involved and the location of the risk-bearing activity different tightness classes may apply. 

5.3 Classification of tightness criteria  

As indicated in the preceding section situations are conceivable where some leakage is acceptable 

whereas in other situation leakage should be prevented at all cost. This has led to a classification of 

tightness criteria, viz. full tightness, technical or apparent tightness and adequate tightness. Some 

features of each of these tightness classes are summarised in Table. 2. In addition to the information 

in this table the following aspects are worth to consider with respect to both tightness definitions 

and ways to accomplish tightness criteria. 

 

 

 

 



  

Table 2 Classification of tightness criteria 
Class Characteristics Means to accomplish Comments 
Full 
tightness 

No mass flow 
Diffusion sometimes 
acceptable 

Tight material 
System technology1) 

In principle not achievable with plain 
concrete, unless for a short period 

Apparent 
tightness 

No visible leakage 
Evaporation at non-
exposed side exceeds 
supply of matter 

Adequate concrete mixture 
Minimum concrete compressive zone 
Through-cracks with self-healing (in 
case of water) 

Apparent tightness depends on ambient 
conditions 
For a short period the system may 
perform as full tight. 

Adequate 
tightness 

Visible controlled 
leakage 

Controlled crack width For protective structures adequate 
tightness often sufficient (depending 
on the consequences). 

1) System technology refers to redundant, multi-barrier concepts of which individual barriers are inspectable, 
controllable, reparable and/or renewable [29]. 

 

5.4 Accomplishing liquid tightness criteria 

Full tightness -- Concrete is a porous and often permeable material. Its permeability depends on the 

type of cement and, to a major extent, on the water/binder ratio and the degree of hydration. The 

higher the water/binder ratio, the higher the degree of hydration should be in order to realize a 

closed capillary pore system and hence a tight concrete. For a water/binder ratio lower than about 

0.45, a closed capillary pore system of the concrete is expectable. Easy mass transport through 

capillary pores is than ruled out. However, transport remains possible by diffusion. This means that 

full tightness is hardly achievable with concrete, unless for a short period of time. In those cases the 

rate of diffusion determines the time until the transported substance reaches the rare side of a 

retaining structure. The diffusion rates may be so small that in many cases leakage by diffusion can 

be ignored without imposing serious risks to the environment (see also Table 3).  

 

Technical or Apparent Tightness -- Technical or apparent tightness means that the not-exposed side 

of a structure does not show any leakage in spite of the fact that some material is transported 

through the concrete (Table 3). The rate of evaporation at the not-exposed side exceeds the supply 

of liquid through the concrete. Many water reservoirs operate as apparent tight structures. Even very 

small through-cracks may be acceptable, as the leakage through these cracks is very small. The rate 

of evaporation depends on the ambient conditions, i.e. the temperature, wind velocity, and also on 

the type of leaking substance. Technical tightness is achievable with reinforced concrete (Table 3).  

Adequate Tightness -- Adequate tightness means that controlled leakage is considered acceptable as 

long as this will not trigger the development of a major accident. Concrete protective systems, 

which have to fulfil their retaining function for the (generally) short duration of an accident, can 

often be designed for adequate tightness. Adequate tightness can be accomplished with reinforced 

concrete (Table 3). Cracks widths and the number of cracks should be within limits so as to ensure 

controlled leakage.  

  



Table 3 Summary of solutions for accomplishing tightness criteria 
Full tightness Apparent tightness Adequate tightness 
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6 BEHIND AND BEYOND ENGINEEING CONCEPTS  

Recent natural disasters, acts of sabotage and industrial accidents have intensified the discussion 

about risk, safety and judgment of risks significantly. What can be foreseen? What is society able to 

absorb? Who is responsible for the consequences of acts of sabotage, earthquakes or tsunamis? 

Which disasters could have been anticipated and at what price? What is the price a society should 

pay for its prosperity? Who has the authority to decide about that price? These questions cannot be 

answered exhaustively by defining a one-dimensional acceptance criterion. In fact these questions 

face us with the issue of value value judgement and, as a consequence of this, the confrontation 

  



  

between different worldviews. This issue has been dealt with in more detail in [14]. A brief summary 

is presented below.   

6.1 Norms  and value judgements 

When dealing with fixation of norms and acceptance criteria and with underlying worldviews, two 

schools can be distinguished [21]. In the first school people state that the complexity and scale of 

(safety) problems of the modern industrialized world require new ethical concepts. New norms and 

new criteria would be needed against which technical achievements would have to be judged. Jonas 

[22] is a well-known representative of this school. Another representative of this school is Habermas, 

to whom Melchers [23] referred when discussing possible frameworks for rational decision-making. 

According to Habermas rationality of science does not stem from objective, external measures such as 

"truth", but from agreed formalisms. What is considered to be "rational" depends on the available 

knowledge and experience base of an individual society.  

In the second school proponents are found of the statement that traditional norms and values are still 

applicable. The only thing that matters today would be a rigorous implementation and application of 

these norms in new situations. Proponents of this opinion are inclined to support the idea of external 

norms, i.e. truth, as they are believed to exist in major religious and ethical systems.  

Between these two opinions a variety of alternative concepts have been proposed. In most of these 

alternatives the risk concept is still present in one-way or another. Reid [11], for example, after a 

sharp evaluation of different features of quantitative risks, comes up with seven realistic and 

dependable principles for risk-based decision-making. In his recommendations much emphasis is on 

the Pareto principle. According to this principle an activity is accepted if it yields benefits without 

imposing any adverse effects on anyone. The Pareto principle finds its starting point in how things are 

today. It recommends preservation of the present situation or, if possible, improving it. It does not, 

however, inform us about how things ought to be. In fact it presupposes that the present situation, i.e. 

our level of prosperity and welfare, is justified. It does not pose the question whether this level is 

justified or not. This question can also not be left behind us by applying the “golden rule” that has 

been referred to by Lind [24] and which says: "Do unto others as you wish to be done unto". No less a 

person than Einstein suggested that for an answer to the fundamental question how things ought to be 

we have to refer to religion. Following Einstein's advise to consult religion, one could think about 

what has been written in the Jewish Book of Proverbs: "Give me neither poverty nor richness". In 

“Disasters by Design” Milete touches the issue of poverty and richness when he warns that worsening 

inequality of wealth will make (the poor) people more vulnerable to hazards and less able to recover 

from them [25]. Faced with the limits of growth and with the existing unbalance in the global 

distribution of energy, consumer goods and prosperity, we will have to admit that we have to 

reformulate and adjust our needs. Approaching the safety issue from this angle makes all of us 



  

participants of the discussion about risk and safety, since it will force us to think about solidarity with 

those, today and in the future, who suffer from the unbalance between the rich and the poor on this 

planet.  

 

7 CLOSURE 

The fact that risk-bearing activities, processes, natural hazards, etc., are characterized by different 

parameters means that concepts for judging extreme events should reflect this multidimensional 

character. In a decision-making process a simple comparison of the calculated risk with a one-

dimensional acceptance criterion can only be a first necessary step, but not a sufficient one. 

Questions like “How safe is safe enough?”, “How high may be the price for guaranteeing a certain 

safety level?” and “What level of prosperity is justified?” can never be answered exhaustively in 

terms of risks. All these questions have to be considered in a comprehensive, multidimensional 

judgement procedure. Simple answers to these questions are not possible, since they depend funda-

mentally on complex value judgements, transcending quantitative risk analysis [11]. If we ignore the 

multi-dimensionality of risks and stick to a one-dimensional interpretation of risks, where risks are 

judged against a single-valued acceptance criterion, the risk concept will act as a vehicle for almost 

unrestricted growth and for introduction or continuation of risk-bearing activities, which would have 

been rejected if the focus had been on judgment of the consequences. In other words, judging risk-

bearing activities against a single valued acceptance criterion does not exclude the occurrence of 

accidents with catastrophic consequences beyond what is considered to be within the limits of 

responsible stewardship. Again, also the definition of responsible stewardship requires value 

judgement. This may be experienced as a problem, but at the same time as one of the most 

challenging tasks of all parties involved in today safety problems.  

It is important to bear in mind that reconsidering safety concepts and the role of quantitative risk 

analyses is part of a multi-disciplinary process. Not all steps in this process seem to be equally 

important and not every thought or proposal will turn out to be equally fruitful. Realizing that we are 

dealing with a dialectical process, in which we aim to do better than yesterday, should also make us 

reluctant to criticize previously proposed concepts. However, if the knowledge we have today enables 

us to be better than before, we are morally obliged to search for ways to implement these 

improvements in the practice. This is not an academic wish, but it also fits in the policy of modern 

industries. Jochum [27] has indicated that his company (chemical industry) is prepared to discuss 

safety issues in open dialogue with all members of society, including their strongest opponents. Today 

such an open dialogue will include the option of sustainable hazard mitigation, where all policies and 

programs related to hazards and sustainability should be integrated and consistent [25]. Such an open 

dialogue will not be easy, since often not enough is known about the changes in or interactions among 



  

the physical, social and constructed systems. This, however, may not be a reason for withdrawing 

from this task. It should be a reason, even more, for dialogue, debate and joint effort to improve the 

quality of live of people, independent from where they live or work and their social status.  
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