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Consequences of structural failure

*  Lossoflife

— what “risk to life” is
acceptable? ; *  Economic losses

— individual fatality vs. multiple — what toinclude?

fatalities :
* Damage to environment
— context of death - was there a

AN - 5
“choice? how to measure?

— monetary value of human life?

There is a wide range of possible consequences of structural failure. As we have been discussing
the loss of life is the most severe and in the next few slides we are going to look at what level of
risk to life is acceptable. But there will be many nuances to consider for example if we are able
to identify an acceptable risk to life of one individual how we handle a structural failure that

involves multiple fatalities.

Then there would also be the question of the context of death was there a choice on the part of
the individual individuals by which I mean that was the person a member of the public or was the
person professional in charge of say maintaining the building or a construction worker and so on.
The other consequences obviously would be economic loss and then what to include in that

would be an important question.

And obviously one uncomfortable question that has many implications including moral and



philosophical ones is there a monetary value of human life and if so, how to put that and we also
have been talking about environmental damage and if we include that as a consequence how to
measure that and this is all in the context of acceptable risk that we have been discussing in the
hope of setting target reliabilities. So, let us take a look at acceptable risks to life.

(Refer Slide Time: 02:27)
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Individual fatality risks

* Levels of risk to an mxwoh?:m

individual’s life
All causes (worldwide) ~ 8x 10°/yr
— Plainly unacceptable to

society 30 year old from disease  1x 10°/yr

— Unhappily accepted by Traffic deaths (US) 1x10%/yr
society Traffic deaths (India) 1x104/yr
= Unconditionally accepted Gun deaths (US) 1x10%/yr

by societ
¥ Y Lightning strike (India) 2x10%/yr

Lightning strike (US) 5x107/yr
Offshore oil & gas (UK) 2 x 102/ yr (workers)
Parachuting (US) 2x 102/ yr (athletes)

Let us get some idea of individual fatality risk some numbers but before that the levels of risk to
an individual life from society's point of view could be at a level that is plainly unacceptable it
could be so, high there are other levels of risk to an individual's life which we may not be very
happy about but we grudgingly accept it is kind of intermediate we are ambivalent towards that
and then there are on the other end of the spectrum those risks that are unconditionally accepted

by society we really don't worry about those.

So, let us take a look at some activities or some hazards and what is the approximate individual
life risk. So, a rough estimate of death of an individual from all possible causes worldwide is
about 8 in 1000 per year. So, that is a pretty stable estimate across countries. Now if we look at
death of a 30 year old individual otherwise healthy from disease that comes to about 10 to the

minus 3 per year and which would without a doubt be plainly unacceptable to society.

So, if we have to put an acceptable risk we would need to go well below this then there are other

activities which people undertake because of benefits that come from them but the risks are



definitely more than what we would like which example being traffic related debts about 1 in 10
000 per year and that is what we see in the U.S that is what we see in India and we also see a

very similar rate of gun deaths in the US.

Now obviously these are not something that society is happy about there are discussions about
how to reduce these. So, this level of 10 to the -4 per year per individual would be something
that is on the borderline or something that is in the grade between clearly unacceptable and
clearly acceptable. Now what would be unconditionally accepted by by society something like
death from lightning strike and that is of the order of two in a million per year in India and

almost one order less in the US.

So, that is roughly about 5 and 10 to -7 per year now there could be various reasons that the
death rate from lightning strikes in India is higher than in the us it is possible there are more
lightnings in India it is it is possible that Indians spend more time outdoors on an average in the
open or it is also possible that that more people are around in an area where lightning strikes in

India than compared to the US.

But in any case this rate of one in a million or less would seem to be a number that a society
would not be too worried about or would complain. So, we could have this as a basis of what
would be an absolutely unconditional acceptance. Now whether this would be too low or not that
we can take a look at a little later but there are other numbers that are interesting from offshore
oil and gas workers in the UK these are about data from 1960s and 70s that is clearly very high

to intend to minus three per year.

On the other extreme also this is from the 70s or 80s that from a very hazardous port which is
roughly the same number obviously these are different things these are undertaken in some sense
voluntarily. So, there is not. So, much outrage at this level of fatality in these last two mentioned
activities compared to what would be that you see in the death from disease that you see in the

top.

So, these give an idea about the different ways that society reacts and would also give an



indication of what might be an engineering level of acceptable risk where we to set the target
reliability for a structure.
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Individual fatality risks

Probability of Society’s Reaction
individual death
10° fyr This level is unacceptable to everyone. When probability
approaches this level, immediate action should be taken to
reduce the hazard

104 /yr People are willing to spend public money to control hazards at
this level. Safety slogans popularized for accidents in this
category show an element of fear (e.g., the life you save may be
your own).

10° fyr Though rare, people still recognize these hazards, warn children
(e.g., drowning, poisoning). Some accept inconvenience to
avoid such hazards (e.g., avoid air travel).

10°fyr Not of great concern to the average person. People are aware
of these hazards, but feel “it can never happen to me” - a
sense of resignation if they do (e.g., an “act of God").

So, in this slide these are this is one this is one set of reactions that society might have given all
the different levels of individual risk to life as reported by Keys and Barton's paper. So, as we
saw and as we decided that 10 to the -3 per year for an individual is clearly unacceptable and we
can see something like this right now in the middle of a pandemic worldwide and clearly the
levels of fatality that we are seeing are not acceptable and that is why so, many restrictions are in

place and there is so, much concern going on.

Now the next level 10 to the power -4 per year is this is something people are concerned about
people are if they if they can be encouraged people are willing to take this up and reduce these
risks. So, this would be something that as | said on the borderline of acceptability. The next level
is less than the other one that people are still concerned about that but not in a in a significant

way and people still warn about these but it is not of great concern typically.

So, if we were to set some targets we would keep this in mind and then lastly the this rate of 10
to the -6 per year for an individual seems to be people are willing to accept and not worry about
and sometimes referred to as an act of god and it can never happen to me that sort of feeling. So,

with all of these we now see some criteria actually set by some some authorities around the



world.
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Individual Risk Criteria

Authority Description

Acceptable limit ( fyr)

HSE ( HSE, 1999) Maximum tolerable risk to worker

10

Maximum tolerable risk to public

10+

Negligible risk

10%

Netherlands Maximum tolerable for existing situations

10°

1995) Maximum tolerable risk for new situations

10

New South Wales, | Sensitive developments ( hospitals, schools etc )

5x107

Australia ( DUAP,

1997) Residential, hotels, motels, tourist resorts etc

1x10%

Commercial, retail, offices etc

x10%

Sporting complexes, active open space

1x10%

Industrial

5x10°

No worker should be exposed to risk greater than 10 or 10* /yr

No single project should expose an off-site individual to risk greater than 10° or 10° /yr

de minimis annual risk levels (i.e., the levels below which risks are of no legal concern) of 10 for a
worker and 107 or 10# for a member of the public.

Pate-Comell ME. Quantitative safety goals for risk
management of industrial facilities. Structural Safety
1994: 13(3): 145-157

So, | have a survey of three countries of the HSC from the UK. So, for a worker the maximum
acceptable risk is 10 to the power -3 per year for death for the public it is sent to -4. So, that is on
the higher end of the spectrum that we are talking about and negligible risk is one in a million
that seems to come again and again from the Netherlands we see a different order of magnitude
for for existing situations which people are more comfortable with it's one in 10 to the power 5

and for new situations the tolerable risk is of the order of one in a million.

So, that kind of ties in with the negligible risk from the UK in Australia we see some of these
numbers and the acceptable rate for schools and hospitals are of the same order of lightning
strike in the US. So, they want it to be as low as that for residences they are of the order of 10 to
the -6. So, very low which is considered negligible in the UK and for industrial and sporting and

commercial activities they are another order of magnitude higher in terms of acceptable risk.

We see something from Patrick Cornell just to summarize the general trend from around the
world she came up with certain recommendations that the risk to a worker should not be greater
than to the -3 to 1 to -4 per year for a member of the public those would be two orders of
magnitude less ten to the -5 to 10 to -6 per year. And the D minimum is that we have been

talking that something that is of no legal concern of just no consequence really that is uh that



could be as low as 10 to the -6 for a worker.

And so, that would be the ideal case and for a member of the public 10 to the -7 or even 10 to the
-8 per year. So, with these we can try to set see how buildings come in the picture building
failures or structural failures and how we could then look at multiple debts. So, these are all for
one individual now if there are multiple fatalities possible how we would handle that is also a
very relevant question for building or other structural failures.
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Fatal accident rates

Viarying exposure time can be normalized by measuring FARs in Japan
the fatal accident rate (FAR). PP TEEE—
L Activity FAR
The FAR for an activity is the number of fatalities per 100 R |
million hours of exposure to that activity (i.e., 1000 Aufamcts 3
people working 2500 hours a year and each having Civil Aviation 463
working life of 40 years): Railway 43
Shipping 63
AR =10° Pldes 1 /T FARs in India P ———
FAR =10 ‘d““h"ll ',- Offshore Structure 0.23
For a worker: L FiR Fire 0.0
FAR Al travel 2 Disease 748
Pldeath/yr| =—— I | T—
! ! 40,000 Walking 115 ndustries 0.64
Vehicle riding 574 Buildings 0.16
Rail travel 44 Natural Disaster 0.016

ge floatng structure used
ge Floating Structires. Hono

foating aiport. Proceedings 31
awai, 1998, pp. 607-612

Let us also look at this concept of fatal accident rates which is a nice way of bringing in limited
exposure. So, what if an individual is exposed for a very limited amount of time and so, what
would be the measure of acceptable death from such a limited exposure. So, that is given by the
FAR and which is defined as the number of fatalities per 100 million hours of exposure. So,
which is the same as 1000 people working full time for 40 years and that is given by this

formula.

So, for any activity if T h is which is the exposure time in hours if that is less than 500 hours per
year. So, that would be a nice way of putting all these different exposures and risks on the same
metric and for a worker one could get back the annual fatality risk as the affair divided by 40
000. Let us take a look at some of these numbers from two countries one is India which | have

computed over the last few years.



So, it is interesting to see that rail travel is the safest when exposure is taken into account
compared to all the other modes of travel walking is also a bit dangerous and that is partly
because a lot of these walking fatalities occur as traffic related accidents. In Japan in comparison
we see some different sorts of numbers and we see that it in terms of you know some of these
numbers about air travel and about car travel and rail travel the numbers between India and Japan

are of the same range.

Especially in terms of rail travel that number for buildings is actually very low which seems to
be a very good thing in terms of structural failures. But now we are going to look at what
happens for buildings and especially when multiple failed multiple fatalities are involved.



