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Formulate and validate a model that correctly
characterizes the behavior of Mossyrock Dam,
taking the pier-spillway interactions into account.
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Measured Responses from the Dam !;VEI;HP(E

Spillway Measurements

Pier Measurements
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Power Spectral Density

PSD of Pier Acceleration PSD of Spillway Acceleration

FFT Method
Burg Method (1000 Coefficients)
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e We used a 2 degree of freedom model with an

. . . M X
input force acting on the spillway D P
e The governing equations of the models are in k —lcC
terms of unknown physical parameters Mp, P P
M, kp, K, C, and c_, f()
nt X
e (Governing equations: Msw >

My + ¢p(Xp — Tiw) + p(Tp — Ts) = 0

Mswiésw + Cp(isw - xp) + Cswjjsw + kp(xsw - xp) + kswxsw — f(t> i 2
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e \We want our equations in terms of known system parameters
W, W, Cp, and CSW

e The resonant frequencies, w_and w_ , of the pier and spillway
: P sw
can be found using the PSD, in samples per second:
o W [5.24 7.33]
o w,_, :[1.89 314 4.915.83 6.55 7.53]

e The damping factors ¢_and ¢_ can be found using the 2 power
approach from the PSlBSZ
o Cp= 0.0097
o g_=00345
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Forcing Function M,HPGQ
e The forcing function is the <10 Envelope Analysis for Forcing Function
equivalent forcing function the os | — Emelope
system undergoes when the e L S AT AT e e =
gates to the spillway are L |
opened and water flows 2N~ |
|

e From intuition, this would
resemble a step function o2l
e Envelope analysis confirms our ..l
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practical hypothesis o6}
e Thus, f(t) = Bu(t) and f(jw) = o8t
B/Gw) G E R R —1
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5 w0 8] S il | 2 i |
Let
x = l o ] =%/ and f= l f(()t) ] ™ and a= Aﬁ}:"
Then
[ “"352,25,’,“,’55 :pr% —ow?® + 24w (c,,;iﬁzlci:;:f) +wh + awdy ]i - [ /?’Of ] '

To find Xgw (jw) in terms of acceleration, we need to multiply by —w? and the Fourier Transform
of the forcing term. Altogether, we are left with:

jw (—w? + 2(pwpjw + w?)

Xacc,SW = 2
(—w? + 2{pwpjw + wd) (—aw? + 2jw ({wp + alswwsw) + ws + awy ) — (—2(pwpjw — W)




Frequency Response Function

Normalized Acceleration Magnitude
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Spillway PSD and Model

PSD from data
Analytical FRF
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Computed using data-derived
resonances, damping
constants, and superposition
Model matches low frequency
behavior well, but there’s a
gap in the higher frequencies
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10% T T

e Atlow frequencies, pier and |
spillway show similar spectral 102 ;
characteristics, indicating a rigid :
body mode

e At higher frequencies, pier has
high resonances but spillway
displays broadband behavior and
anti-resonances, indicating
damping effect from the pier.
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Revised Model

To compensate for the gap at
higher frequencies, we
considered the effects of all five
piers acting on the spillway
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Spillway PSD and Model
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Conclusion and Analysis

e At lower frequencies, the piers oscillate with the
dam

e At higher frequencies, the dam exhibits broadband
behavior, indicating a damping effect from the piers

e Oiriginal engineer’s model does not take this
interaction into consideration

e Future work:

o More pier measurements and 6-DoF model

o Integrating a seismic displacement term to determine
maximum loading
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