Structural Reliability
Prof. Baidurya Bhattacharya
Department of Civil Engineering
Indian Institute of Technology, Kharagpur

Lecture —251
Target Reliabilities and General Conclusions (Part - 04)

(Refer Slide Time: 00:27)

2 i i Structural Reliability

Target reliabilities from acceptable risks S
arget reliabilities

and general
conclusions

Multiple fatality risk

Allowable annual P; for structures:

P.<P = %", “palyr o ?V(Sc(g:iﬁ)lso 2015)
" a=2 (ISO 1998)
C,, accounts for the risk mitigating factors
C, accounts for the risk aggravating factors
n, is the number of lives at risk
o signifies the impact of the number of lives lost in a single event

p,, is the maximum acceptable probability of individual fatality from
accidents

Thus we see in all these surveys that we presented in this lecture and the earlier one is that the
target reliability should be based on the consequence of limited violation and the most severe of
all consequences is the loss of human life and larger the consequence more should be the target
reliability. And we have also seen a general hesitancy of obtaining these target reliabilities
especially those that involve loss of human lives those limit states that involve loss of limit loss

of human lives.

We see a reluctance to derive the target liabilities from cost considerations from cost
optimizations and that is understandable because there are moral and ethical issues of trying to
put a value of human life. Although society does that from time to time and we see evidence of
that in the form of compensations or damages awarded in the event of loss of one life or several
lives. Now the latest revision of 1SO 2394 that came out in 2015 has attempted to derive target

reliabilities from monetary considerations.



But they have avoided putting direct value on human life but rather used an indirect metric which
is the society's willingness to pay to save an additional life. So, this is the thought process the
first realization is that saving lives is not free and for a proposed measure to save lives or one
additional life would only be applicable or only be acceptable if the marginal life saving cost so
the cost incurred to save an additional life it is less than or equal to the that society's willingness

to pay for that additional life saved.

So then only such a safety measure could be adopted. Now taking this thought forward and
making one one decision variable P which is the central factor of safety which is mean of
strength divided by mean of load they developed an optimization problem and so what you see in
the equation is the marginal cost to increase the central factor of safety by one unit it must be at
least greater than the marginal the amount that society is willing to pay so negative of delta n

over delta P times G of d which is society's willingness to pay.

And going through the algebra and certain assumptions the answer comes to be the allowable
failure probability P F star is of the order of a divided by N F, so a constant which depends on
various factors and N F is in the denominator with power of one so that is important the earlier
revision in of 1ISO2394 had N F to the power of 2 but here P F star comes out to be directly to be
integrated proportional to 1 to N F and it is a throwback to the 1977 report by CIRIA.

Now let us see let us define all these parameters in the next slide and then we will just refer to a
couple of examples of how this process yields acceptable failure probabilities and if they are
really acceptable or not.
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Available Methods: Fatality Considerations

+ Allowable annual P; (1SO 2015)

*  R:Resistance

*  S:Load effect

*  C, 'Fixed' construction cost

*  C,:Cost for increasing central safety factor

*  p: Central safety factor (decision
parameter)= E[R] /E[S]

*  H(p): Costs that accrue in case of failure
additional to cost of reconstruction

*  B:Monetary benefit derived from the
structure

* C[p): Construction cost=Cy+C,p

*  D(p): Ultimate limit state failure cost=
(Clp+HiP/g

*  Alp): Obsolescence cost= C(p) w/g

* U(p): Serviceability cost, can be neglected
*  T(p)= total cost =C(p)+A(p)+D(p)

*  w: Yearly obsolescence rate

*  g:Discount rate provided by decision

maker

¢ y.:Societal discount rate
* G, SWTP to save one additional life
*  Np): Expected number of fatalities due to

structural failure = N, P

¢ N;[p): Expected number of fatalities given

structural failure

*  P,:Yearly probability of failure

annual probability of failure.
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So here are some of the terms that enter that derivation. So there are costs the construction cost
obsolescence cost the central factor safety as | mentioned the expected number of people that can
die and then SWTP Society's Willingness To Pay the other cost, cost of increasing the certify for

safety the obsolescence rate the discount rate and the answer is finally P F star which is the

Target reliabilities from monetary
considerations

Allowable annual P (IS0 2015) applied to Switzerland

Type of C,PPP | N¢ (im?) K, Prgce
structure us C4/Cy=0.001 | C,/C;=0.01 | C,ICy=0.1 | C,/C;=0.001 | C,/C;=0.01 | C,/C;=0.1
dotars/
)
Office 1618 0.001 20E-05 20E-04 20E-03 4.0E-06 4.0E-05 40E-04
buiding 001 20E-06 20E05 [20E04 4.0E-07 40E06  |40E05
01 20E07 20606 |20E05 4.0E-08 40807 |40E-06

SWTP=4206 thousand PPP US dollars (Table G.2 of ISO
2394:2015)

C, = 2000 CHF/m2 = 2000/1.236 = 1618 PPP US dollars
C, and K; values taken from Table G.5 of ISO 2394:2015
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Now when this approach is applied to one of the European countries Switzerland in this case so
this is an example that is worked out one obtains numbers that are actually very much within the
acceptable range and we see the annual P F depending on the type of building and various ratios

of C 1 over C 0 is of the order of 10 to the -6 or even less and in some cases 10 to the -4. So,




these are all within the very much acceptable range or somewhat acceptable range that we have
reviewed earlier.
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Allowable annual P, (IS0 2015) applied to India conclusions
Type of Copersqmin | N (im?) Ky Py
structure | ppp USD (INR) C/C,=0001 [C/Cy=001 |C,C=0.1 | CJC;=0.001 [C,/C,=001 | C,/C=0.1
UG 710(15000) (0001 |21E-04  [21E-03  [21E02  |42E05  |42604 [42E03
residental 001 [21E05  [21E04 [21E03  [42E06  [42E05 |42E-04
01 21606 21605 |21E-04  [42E07 42606 |42E05
MG 1184(25000) |0001 |35E:04  |35603  [35E02  |70E05 T0E04_ | 70603
residental 001 [35605  [35604 35603  [70E06  [70E05 |70E-04
01 35E06 |35E05  [356:04  |TOE0T 70E-06
HIG 1658(35000) [0.001 [47E04  [47E03  [4TE02  [94E05  |94EM4
residental 001  [47E05  [47E04 [47E03  |94E06 94E-05
01 4TE05  [47E04  [94E7 94E-06
Office | 1895(40000) |0.001 54602 11E04 11E-03
buiding 001 54E03 11E05 1E-04
01 4E 54E-04 1.1E-06 11E05
School | 1895(40000) [0.001 54603 |54E-02 1.1E-04 1.1E-03
0.01 54604 |54E03 11E-05 11E-04
01 54E05  |54E04 11E-06 1.1E05
Hosptal | 2368 (50000) | 0.001 TOE03 | 70602 14E-04 14E-03
001 TOED4 | 7.0E03 14E05 14E-04
ne 20C 00 20C 0K 17ac 04 44000 145 05
SWTP=175 thousand ppp US dollars (Table G.2 of ISO 2334:2015) )
C, estimated using Plinth Area Rates 2019, CPWD, New Delhi 04
| [o1 70606 [70605 [70E04  [14E06  |14E05

In this lecture but when these numbers are applied to a country such as India clearly it gives rise
to failure probabilities acceptable failure probabilities that you see in red which would definitely
be considered unacceptable. So, there would be questions of of adopting such a measure without
further consideration in countries that 1SO2394 did not consider when they developed such an

approach.



