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Part I
Introduction of TwSIAM
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SEITFHEHERE

Taiwan Society for Industrial and Applied Mathematlcs

718lam ﬁ;

Establish: non-profit academic society
established on June 26, 2012

Aim:
o To promote research and education of applied
mathematics

o To bridge mathematics and industry communities

Members (2018):

o Regular members: 102
o Group members: 16
o Student members: 53

Web address: www.twsiam.org
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Introduction of ACMT
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Part I1I-1: Damping
Animation of dynamic response
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‘ Animations and Properties of Three
SDOF Damping Systems (ASCE-EM, 2018)

Viscous damping New hysteretic damping Coulomb damping
(Chen, 1995) (V. Ph. Zhuravlev, 2013)

—aw’, X(t) >0,
aw®, X(t)<0,

n

Governing  X(t) + 2&w, X(t) + @’x(t) =0 X(t) +nw’ —= x(®) X(t) +o?x(t) =0  X(t)+a’x(t)=F, ,F, ={
equation | (t |

Mechanical
systems

o, = w,[1+7,in the 1> and 3" quadrants

Damped _
0) a) s _ nd th n
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Viscous damping model

spiral trajectories
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New hysteretic damping model

Hyperbolic curves in the Horizontal line in the stiffer Spring k =1+7g in the 1st and 3rd quadrants
2nd and 4th quadrants 2nd and 4th quadrants softer Spring k=1-7 in the 2nd and 4th quadrants

=l

Elliptical curves in the
1st and 3rd quadrants  Straight line

(initial state locates on ¢ a0y 3rd quadrants four quarter-ellipses
the asymptotic line)
P n=15(>1 n=1 n=03(@n<l

Elliptical curves in the Trajectories combining
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'Coulomb damping model

xt)
0 £
All body finally rests in the
dead zone owing to the

friction force -_
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Trajectories combining
two half elliptical curves
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‘ The same damping period between viscous

damping model & new hysteretic damping model
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TThe same ratio of amplitude decay between the viscous
damping model & new hysteretic damping model
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ASCE =f&[H/E, 2018

exponential decay

Viscous damping g BT
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Damping models (ZEFKIE)
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Part I1I-2: Natural modes
Animation of dynamic response
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‘ Free Vibration (BEfR)
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Real experiment
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Free vibration of MDOF

EE] AR 1-DOF
SFARE . 2
<RI ) b6k FE T 2-DOFs

e WO  HIOwm O

i A5z 3-DOFs




Free vibration of continuous system

(GRS - TER A am B EESE, 2008)
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Free vibration of continuous

system and MDOL (free-tree)
(TRERES -t TSSO EE(E, 2008)

Continuous system free
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Free vibration of continuous

system and MDOF (fixed-free)
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Beating (w =~ Q)
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\ Convolution vs Correlation
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‘ Animation using Mathematica software
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—fa% LR R PR 5 S LI

F;,roblem: a SDOF mass-spring system with a mass m and a spring constant £ in equilibrium.
: . . . «I N s Ve o
},‘%! = A half mass drops out suddenly, Please describe the vibration phenomenon. 7:'3;:3‘ 4 L ]'i:r
4 N\ [ )

Reference 1: x4 (t) positive downward from original length of spring
Reference 2: x9(t) positive downward from equilibrium point
. .oom.. mg
governing equation —iq(t)+kr(t) = — m mg
2 2 governing equation Ei‘.g(t)—l—k(mg(t)—l—mg/k) =
initial conditions x1(0) = k,a1(0) =0
initial conditions z1(0) = mg/k, &1(0) initial conditions x9(0) = mg/k,i9(0) =0
lution () = wcm(w 1‘)+w >0, for any t m m
solution z1(t) = 2 -cos(wit)+ o ) y solution 2(t) = chos(wlf)* 275
where w? = 2k /m.
\. / \. J
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E 1 2\" I E 15 All the three solutions obeys the objectivity, i.c. frame indifference E
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eference 3: r3(t) positive downward from the lowerest poin r
3(f) p p ﬁx l.i }31

governing equation T—;ig(t)—kk(;rg(t)Jr?mg/k) = %

initial conditions x3(0) = —mg/k,23(0) =0

3
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Part II-3: Support motion
Animation of dynamic response

e WA FEHEZE 11-2014Beijing.ppt’



\ Hi1 2R TR B, T2 (R Bh)

4 — .  Earthquake Engineering:
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Wind Engineering:
mX+kx = p(t)
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Part II-4: Forced vibration
Animation of dynamic response
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‘ Complex input versus complex output

(S EFIHEFERIR)
m, ¢, k system (C#0, Q+o)

Forcing term: cos(Q t) Response
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‘ Complex input versus complex output

= Ry AR5 TE) Resonance

m, ¢, k system (=0, Q=0) o- [
Forcing term: cos(Q t) Response
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Part I11:
Direct and inverse problems
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Convolution and deconvolution
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A, Base rock motion
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What happen In the inverse problem ?

Well-posed model ? [ll-posed problem
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om RN
. DHBOSNS P=19g/cm’ V, =68 m/sec & =15%

6 O

=

~_DHB1INS p=19g/cm’ V, =82 m/sec £ =10 %

11m
17 m I " _DHB17INS p=185g/cm’ V. =159 m/sec & =7 %

gfmmgfﬂﬁ— ground moflon  ground surface "ok outcrop
4ytt A
S ts o =2.0g/cm’ ¥, =213 m/ =59
% § p=2.0g/em’ V, =213 m/sec & ,=5%
ﬂ 5
A—~7777" Base rock motion
b;m —— 1)

i i DHB47NS
Profile of LSST

Fig. 12. Soil profile of the far-field at the LSST site.
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Divergent resu

Acceleration (g) Acceleration (g)

Acceleration (g)
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Measured Data

Unregularized Results
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Fig. 14. Comparison of measured data and unregularized results. (a) Time history. (b) Fourier coefficient spectrum.
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Filter (Cesaro window)

o
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........ Deconvolution g

o
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Fig. 2. Transfer functions of convolution and deconvolution.
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Fig. 3. Cesaro window function.
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Corner for optimization in the L curve
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Divergent result (regularization)

Acceleration (g) Acceleration (g) Acceleration (g)

Acceleration (g)
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. Comparison of measured data and regularized results. (a) Time history. (b) Fourier coefficient spectrum.
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7@—1_&.:80 m XV DIZEBI(NTOU/MSY 1984-2022) /N7 KT

Dual series representation and its applications to a string subjected to support motions (1996) ADV
ReAeE TR * Analytical study and numerical experiments for Laplace equation with overspecified BCs (1998) AMM
By {Ex* On the free terms of the dual BEM for the two and three- dimensional Laplace problems (2000) JMST
M A new point of view for the polar decomposition using singular value decomposition (2002) IJCN
ek BEFESE | A meshless method for free vibration analysis of circular and rectangular clamped plates using radial basis function (2004) EABE
ZEHH TR Conformal mapping and bipolar coordinate for eccentric problems (2008) CAEE
SRS Waves in string using diamond rule and Mathematica software (2008) . CAEE
HIEE Derivation of stiffness and flexibility for rods and beams by using dual integral equations (2008) EABE
SE Regularized meshless mathod for Cauchy problems (2008) CM
ZRGEFE Fkxk On the spurious eigensolutions for the real-part boundary element method (2008) EABE
SEE Equivalence between Trefftz method and method of fundamental solution for the annular Green’s function (2008) EABE
WS Analysis of water wave problems containing single and multiple cylinders by using the degenerate kernel method (2010) ISOPE
Efa4E Eigenanalysis for a confocal prolate spheroidal resonator using the null-field BIEM in conjunction with degenerate kernels (2014) Me?ffz:iica
RIEE A self-regularized approach for deriving the free-free flexibility and stiffness matrices (2014) CS
7B (R;)\g;l)t of the degenerate scale for an infinite plane problem containing two circular holes using conformal mapping AML
YRRt ~ BEET On the linkage between influence matrices in the BIEM and BEM to explain the mechanism of degenerate scale (2021) JOM
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