US.NRC

TINITED STATES NITCLEAR REGULATORY COMMISSION
Protecting People and the Enzivonmenit

The Effect of Gaps on the Response
of Spent Fuel Transportation
Package Closure Lid Bolts during a

Drop Impact
Gordon S. Bjorkman

Sr. Technical Advisor for Structural Mechanics
Spent Fuel Storage and Transportation Division




/  ! USNRC Spent Fuel Transportation Cask

During an impact event,

gaps between the various
components of a spent fuel
transportation cask may
create secondary impacts
that result in higher
dynamic loads than would
occur if the gaps had not
been present.
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PUSNRCG  Objective and Strategy
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When are gaps important to consider and what factors
iInfluence response?

|dealize the problem as a single degree of freedom
system.

Obtain a solution for the idealized problem by treating it
as an initial value problem.




< U S NRC Simple Representation of the Problem
: TJZ’SZZE;Tifﬁiﬁiﬁmﬁfﬁz Prior to Gap Closure

The crush force, F, produces a

constant deceleration, Olg.
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’ USNRC Relative Velocity at the Time of
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US NRC Problem Idealized as a Single
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| USNRC Initial Value Problem
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Assumptions: Solution of the Free Vibration Problem
1) Fully Plastic Impact between With Initial Conditions
Contents and Lid

VoL
2) Lid Response is Elastic X=X, cos() +(Oj sin(ar)
)

_ Initial Velocity (v,) of Contents and Lid
Undisplaced

Position M,
Vo :Vi 7‘ r 7‘ r
ec + el

Initial Displacement
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Solution of the Free Vibration Problem
With Initial Conditions

x =x, cos(ax)+ (V—"j sin( ax)
0]

The Maximum Amplitude of the
Displacement, x, Measured from
the Static Equilibrium Position, x =0

Total Displacement = OC5S, X, ax

Dividing the Total Displacement by the

Static Displacement, oc8st, one Obtains

The Dynamic Load Factor, DLF.




USNRC

4 \ UNITED STATES NUCLEAR REGULATORY COMMISSION
Protecting People and the Environment

Lid Bolt
Response

DLF = 1.0, Static Response
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as a Function of Gap Size, A,
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DLF = 2.0, Dynamic Response with NO Gap
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