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Some of the Data Sites
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Ground Motion Response Spectra from Database Sites
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The Most Important Information

Comes from Failure
e .
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Overall earthquake failure rate for some 22 categories of mechanical, electrical & electronic
equipment: 2-3%, i.e., on the order of 100 failures of out ~4,000 items of equipment.
Perhaps half of failures might apply to nuclear plant equipment installations.
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Instances of Loss-of-Function

‘ Toppling due to Lack of Anchorage ‘

Causes of Loss of Function in
Equipment based on EPRI Database

An “instance” of loss-of-function applies to one-or-more equipment
items in the same location damaged by the same cause.

Pipe/Duct Loads I

Buckling I
Ceilings I

‘ Vibration Damage ‘

‘ Dislodged Component ‘

‘ Soil Settlement ‘

I Miscellaneous I




Most Common Earthquake Failure:
Current Surge Burn-Out:
Fifteen Instances of Failure
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Instrument & Control Panels

Number of Control Panels
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Instances of Damage Likely Not Applicable to
Nuclear Plant Installations

One out of 167 I&C Panels.
Failure rate = 0.60%.

Thirteen out of 341 Panels
Failure rate = 3.8%.
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Peak Ground Acceleration

Fragility Derived from the Failure
Rate of Devices in I&C Panels
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Probability
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~ The Contribution to Core Damage Frequency
(CDF) of any SCC is the Convolution of the
Site Seismic Hazard Function and the SSC

Fragility Function: IF (a) dH(a)/da da

Typical Seismic Hazard
Function: H(a) x 1,000

Typical Seismic Fragility
Function for Single

Failure: F (A)
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Annual Exceedance Probability
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Probability
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Convolution of the Seismic Hazard with
Fragility for | & C Panels

< Increments in the Integral:

JF(a) dH(a)

Function: H(a) x 1,000

Seismic Hazard

*Seismic Fragility
Function: F (A)
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Observations & Conclusions

* For seismic fragility functions, F(a), anchored
to actual earthquake experience, the
contribution to the convolution integral, and
hence the contribution to core damage
frequency, is minor above PGA = 1.0g.

* Only F(a) in the range of about 0.20g — 1.0g is
of importance. This is the range where
fragility is shaped by failure rates observed in
actual earthquakes, and the range of
representation by the earthquake database.



“The problem is we don’t design
nuclear plants to withstand
earthquakes; we design them to
withstand finite element
analysis.”

-- Enrico Fermi, 1939



