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Limit state and failure e
component reliability

Cumulative damage failure vs. overload failure

Cmulativedamage! fatigue failure. Here the safety
margin is a monotonic function of time. The safety
margin is

Overload failure. Here the safety margin is not a monotonic
function of time. The failure event is defined as:

M(t)=D,-D(r) " . .

. {Failure} = {C(r) < Q(r). forany 0<r <1, given x}
where C =D, 1s the maximum allowable damage, and
IXf) is the cumulative damage R(t)=P[C(z)-0(r) >0 for all 7e(0.1])

No healing is considered.
where, demand:  O(r)= DL+ L(r)+17(r) + S(r)+
If the safety margin is a monotonic (decrezsing)

function of time, the time to failure is sml];l?, the point First passage time: T, = inf]r: C(£) < Q(r). £ >0]
where the cumulative damge equals the critical value:

1,=0%(D,)
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In structural components the limit states can often be broadly grouped into two types one is the
cumulative damage type failure and the other is the overload type failure. So, in the first kind and
fatigue is a very common example of that the safety margin is a function of time and often it is
taken to be a monotone function of time and it looks something like this. So, it is D which is the
acceptable damage which in some sense in the capacity minus the demand which is the

accumulated damage.

So, since and we do not consider any healing. So, that's one of the reasons that this is considered
to be a monotonic function. And then it is easy to find out the time to failure and that would be
the time that this accumulated damage exceeds that critical value. If it is not monotonic then is
the first time that this happens would be of interest for us. In the overload type failure the safety

margin does not have to be a monotonic function of time the failure event is defined as I said C



capacity being less than Q demand.

I am going to use Q for demand in many occasions. So, sometimes I am going to use the letter D
but if there is copper confusion I am going to switch back to Q. So, that the reliability function is
a C at any tau greater than Q at that tau for all such tau. So, that is the reliability function now
this demand again in a sense of linear combination could be the superposition or some
combination of various individual demands for a structure it could be dead load wind load live

load seismic load and so on.

And so that the first passage time the time to failure is the first time that we have this accidents
occurring. So, the demand exceeding the capacity the very first time that that happens would be

my time to failure.



