AXKHXH: (10 povadec)

INa tov eikovidopevo popéa, didovrat:

_ 1 1 _ ET 1\ 10.6987
® = [2.097 —1.431] » 2= mL3 [ 1.874]
Oewproate Tov Popea avev anoofeong. Emong
Bewpr)oaTe 0TI TAPALOPPROTEI AOY® AEOVIK®V KAl 2m m
TEUVOLOMV SUVAUEMV EIVAL AUEATTEEC. O ] T
U
(1) YmoAloyioate v amokpion, u(t), Tov popea
OTNV APYIKT) LETATOIOT] TOV POPEA: El
—n=q, {1 Ch ) —
u(t =0) = u, {1_431} , at=0)=0
T tapatnpeite kat yiati? ]
(2) AiSovtat o1 akoovBeg Suvapuelg Sieyepong tov L

(pope:

p(®) = {5?@}

YmoAoyioate v 1810pop@ikt avamtun (Tng Xwpikng Katavourg) Tov
Staviopatog S1€yepong TV AvwTEP® SLVALE®Y.

(3) YmoAoyioate v amokpion, u(t), Tov poped 0TI AVOTEP® SUVAUEIS.
OewPOVLE OTL O POPEAC EKKIVEL AITO TNV KATAOTAOT NPEUIAG.
YmoAoyioate v posmr) avatpomnng, My, (t), 0To onueio otnpiEng Tov Popea oTo
£8a@og, oL TPOKAAEITAL AITO TIG AVOTEPK WOTIKES SUVAUELG.

(4) AiSovtat o1 akoiovBeg Suvapeig Sieyepong tov Qopea:

p@®) = {el%t}

Ynoloyioate v poviun (steady state) apuovikn amoxkpion, u(t), Tov popéa
OTIC AVOTEP® APUOVIKES SUVALEILG.

YtoAoyioate v avTioTolyn posr) avatponng, M, (t), oto onueio otnpiEng
TOV POPEA 0TO £6APOC, TTOV TTPOKAAEITAL ATTO TIG AV TEP® APUOVIKEG
Suvvaperg.



SOLUTION:

Equation of motion for the structure (with no damping) due to initial conditions
(without any external forces):

-1

mi+ku=0 |, (u(t=0)=u0=uo-(1431

), a(t=0)=1,=0)
We notice that:

u(t=0) = u, = (_uo)"bz

Modal expansion of the response:

N
un = ) e
i=1

Modal equations:
G;(t) + w?q;(t) =0 , (i=12,,N)

with initial conditions:

(I)Imuo ¢Im¢2
=0 = — = —Up)  ————— = 0
ql(t ) (I)':]l‘mq)l ( u ) ¢'{m¢1
_ _ ¢;mu, _ _¢£m¢2 _
(t=0) = m = (—u,) m = (—u,)
Obviously:
s _ ¢imu,
W= = Yrme, ~
. <|>§m1'10
=0) = = 0
S
Therefore:

G;(t) + wiq (©) =0
q:(t=0)=0 - q(t)=0
¢:(t=0)=0

Clearly, there is no response component in the first (fundamental) mode because the
original displacement is proportional to the second mode shape.

G2() + w5q(t) = 0 G, (t = 0)
g, (t=0)=(-u,) ¢ = q2(t) =q(t =0):cos(w,t) + T sin(w,t) = (—u,) - cos(w,t)
G2(t=0)=0

Therefore:

u@ = {00} = st {1 )




For the given forces:

Therefore:
N N N T
s = Zsr = erm(pr = Z(M >m¢r
r=1 r=1 r=1 r
L, = ¢1s = [1 2.097]{(1)} = 2.097
My = ¢md, = [1 2097][*™" m]{z.o197} —  7397m
L 2.097 _
51 = (ﬁt)mq’l (7.397m) " m]{z.ol97} = {8.2322}
and
L, = ¢Is = [1 —1.431]{(1’} = 1431
M, = ¢imd, = [1 -1431]["™ m]{_1.1431} = 5.048m
L —1.431 0
52 = (M_22>m¢2 (5.048m> " m]{—1.1431} = {0(.)4%%074}
0.8504 0.8504
1 — 0.5945 + 0.4057
AN \_
MESE = 1.445 - L MEE = —0.4447 - L

It follows that the induced static moment at the base of the column (for each mode
separately):

Mt 0.8505- L + 0.5945 - L 1.445- L
Mg = —08504-L+04057-L = —0.4447-L

Displacement response:
2
ue) = ) (o)
i=1

Where:
D) + w?Di(t)=6@) , (=12) Di(t=0=0 & Di(t=0)=0

It follows that:

D;(t) = wi - sin(w;t)

L



Therefore:

2
u(t) = > Dy
i=1

(11\;[_11) ¢, D;1(2) + (AI;I_ZZ) 2D, (1)

_ 1 1 1 1
= 10.2835 {2-097} — sin(w,t) + (—0.2835) {_1.431} ma, sin(w,t)
It easily follows that:
My(t) = Mt - [wf - D ()] + My - [w5 - D(8)]

= Mglt OS Sin((l)lt) + lezt Wyt Sin(wzt)

/ EI
= ol [1.445 - 0.6987 - sin(wt) — 0.4447 - 1.874 - sin(w,t)]

El
= ’ﬂ - [1.0096 - sin(w;t) — 0.8334 - sin(w,t)]

For the harmonic forces:

p© = { ) = {JJ-e™

——

The steady-state displacement response:
2
ue) = ) Tddi®
i=1

Where:
D;i(t) + w?D;(t) = e |, (i=12)
and
Di(t) = Hi(Q)-e

[NOTE: The participation factors are the same as for the previous case as vector s
remains the same.]

It follows that:

Therefore:



u(t)

zz: i D; (1)
=1

(16/1_11) ¢1D,(0) + (:4_22) ¢, D, (0)

<0.2835 | L } ﬁ +(-02835) - {

2.097

1 } 1
~1.431) wZ — 02

. eiQt

The corresponding bending moment is expressed as follows:

M, (t)

(EI

mlL2

M- [w? - Dy ()] + M5 - [w - D, (0)]

w7

2

Mt
( b1 wlz _

) . [1.445 - 0.69872 -

2
Wy

w ,
St , . LAt
Ry + My, wzz — Q2> e

1
1.874% - ———

02

2
2

—0.4447 -

— 02
w; —Q

(EI

W) : [0.7054-

2
w1 —

02

—1.5617 -
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