.
fubuf/b)

(,«://“)/:)[A



3 S ol il

ZOSSRLCIN CCUEN o

x
E—
k P@)
/%\/\/\/\/\% m -
1]
x
E—
Vijled IS Fo
Fs=Spring Force Dokl S 6,0 L () el (s

Fp=Damping Force : (SYgul) ol s,

JS S s

P(t)—Fs —F,=mX: 5s e 0506

(ol b il st oo oSyl 5l o) s ST ol &S = S Uslee
mi+F, + F;=P(t) M)

ol o ol8as 3558 3

Fo=kx(M) @ ol cuys ol dhs 5 Yene

Fy=cx{) : oy

el Gz ol 83 pdome G 3 s o3l el (5l Vigane 5 ol G B () Aal, ) ST

Mbwmifm.aéﬂfcjl.bl‘j&ij;d&ﬁ #IJM(Y)MIJY;M
el ) el Y Y Sl

mi+cx+hkx=P(1) (&) : (23 ol ) o e dSS ooy &S o fomdl s dslas

Vg(t) ’
——p— V(L
Bdt'E RO SRR TTR RN
A 2 . . PO s s Sl ol
Jal c)'Lw&.UacQSf-n-LiLng(t)
v(0) :L.»;w;l}.ljv(l‘)
f—,————————————————————————————————————————————————————~— ’
Vi(t)=v,(t)+Vv(t)(0)

Yol S8



Ge¥ls o) 31l Sl ot sl o8as &S = Wslas oy 500 ) o
mii(t) +cv(t) + kv(t)=-mv, (t) )

13 g Lol dslee Conly Cnw 0 L 54 ;);V_af)l;'-éjjgjfl Sl s
mii(t) +cv(t) + kv(t)=-mi,(t)+ P(t) )

Y 31y S > Aoles Ol g3
' N cy BEASI e ¥ P et
V, V2 o &S kv wljén@ijiéﬁaacli?ﬂab&{

m ﬂ-‘ﬂ.’»u)l‘gélﬁj}éo)ﬂ
P() “
b g el Ol 4 &S > Wslase

.>j.i céj‘j“ Cewd MQLL)MB

I S e e ——— e
|t v’ -
\ \
Y'EJLA‘ZJK_Z
o 155 gle o Kais 3l ole 4 gel
Hiﬂ
¥ ]
| |
X | |
1 - ! -
- - I !
| | \
: : i // /— //
, | i I Pz sk
- = = - ® / _/
/ 1 i \ f
. / /
/ P Osk / N
, , / /
/ / Pz Os / /
eeaeeed 777777 77777 777I 777
[ £ 5yls S
\\ B T SR B N S
Q—*"‘)L‘“WJIMJL:‘"‘HW (Y
w}ﬂTwwjﬁa@w;@L@.n@w;leﬂJ;Sﬁ

A Al

0 sles S8



1 -0 a5 NEC b\ﬂ ui.l;:_?)\
I / wpo b pbuls S a5l S

/ — Sl 5 4 oS adsl

, , o ol Bl e =l s

934 Sl USM cl.<l..~> QSJ.;-

-— (eo B) gl e 030 =)
(o) gl oo b =Y
T oS5 oKaws 31T il ) Wsles
Sl wsle ()

PH)=0 = mi+cx+hkx=0 )
1 ol Sl il s dalas el IS sl
x=Ae
s Lalizes s0e SGFOT s S
.'.(mr2+cr+k)e"t:0 = mr’+er+k=0 ©

el

c=0 = mr’+k=0 = r=+i k
\' m
0= /i [ei9=c056+i sin 6]
m

iwa_

x=e"=cos wt+i sin wt

-iwi

x,=e"”'=cos wt-i sin wt

Dyl B Jondl s ales gl 55 X2 5 X7 Slel s o S 5 e
, 1
x,=§(x,+x2):cosa)t
, 1
x2=5(-ix,+ix2):sina)t

3 el sl sl 55 XG5 X Sl e S5 e e

x=asinwt+bcoswt



W g s Olidie delg leslanl L Ol e |y aladly oyl

x=A cos (a)t-go)
Aol oy &S sl il b gt L5 51 A WD sa sl
x(t=0)=x, , X(t=0)=v

y
Lb=x, , a=— ()
w

V .
LXx=—sinwt + x,cos ot
(@)
e L8
asinx+bcosx=A cos(x-go)

asinx+tbcosx=A4 [cosxcosgo+sinxsin go]

b=Acosp , a=Asing

.'.A=[a2+b2]% , tango=%

2 Vo2 1Y
X=X (— tp) . ¢=tan’—  Or
x=4|x; +( " ) cos(a) go) @ =tan o, )

1% _
1/)(54‘(;)2 el U ol (g gim) Sinlos 55 51 olSs 3T 3Ll o 358 o Sl

S sy QSJ;— wljéﬁleXOl{ﬂlﬂQSffual)an{}wcli‘;wba.;)jl Q&fﬂ‘ﬂeul..;;
sl 550 5 3 sy S e Gk s See Lol dal g aslsl Ll o Ol B s
‘))Q'!IJ.I >)~ZL5AMLSQL»)JR.«I))I}))J.?@lﬂ&bﬁ)l}&)wﬂ &M}lﬂgl{&»b

el ol a3 S IS W Cundy ol a5 Sl ol e L]

JRR
lize s S d B s Sl (555 S ol sl ol LS S 4 a5 L

p)
mr-+cr+k:i=0¢

A=y’ —amk  (19)



Sl pesnge Sl asmse b Ail dd= AdS 5l cpl o Koo &S > &

2
- . —C k
r:i=—~+=+1 —(—) + — (15)
2m 2m m

k -\ -
op:= |[—+|— (16) 53
m om
—C
om _1opt
Xl =C €
—c (17)
om —iopt
Xy =¢€ -
20&.'»‘
2 Al (S o) Jdon g5 5l Sl conl i 0T WL - A S
Sl
A=

2(.._.'.h> QL.I.JJIJ;U &lﬂ.ﬂ‘}'é_w‘)é o))’“”‘*'.") &lﬂﬁ;l

L;AIJ:.AM‘)é

@)
i

qer



ek
X+ —x+—x=0

m m
£:2§a)0
m
k 2
=0,
m
X+ 28w, x+®, x =0 1
.ug <1 Jfl
o+ 2L 0ot + (mo)z =0
2 2
R N
if <1
ri=-0-0y+-1m0y\1 - Cz
[ 2
op = 0o 1—-§ (22)
r:=-C-0,+-lrop
—Coot .

X:=e (A-sm(th + B-coscth)

x(0) = Xg B =x,

V() i=ve (L -00)B+Awp = v,

Vot C-woXo
OD
—Coof Vot 00X
X:i=e€ —smopt + Xy -cosopt (23)
Op

: ‘,...\..M.v_."" L;LZ.LZA LY '”)'l eslaial LvL:j



X = (e_ Qwot)Acos((th - dD) (24)

Xi=e CmotA~cos(oth - CD)

| =

P .
Vot G®oX tan®d = —V0+C oo

. 2
A= <Xo) " op 0D Xo

e . Qmﬂg <1 ijj >)J4 s ala>Se

S 0t n aials b gl eyl S

- th el Al s oS5k o

a:==Ac
J.!'JJw&)y‘jﬁﬁ‘)b6'\/—!%4&.&\)}]@-’@'J'fub)'}as)wuﬁjb&'ﬂﬁw‘)é
L@ e Uy e sl il 2 oy ol 53 aS Cldils a5 b sl v o) 5 S e 570D
Dl S

2
Op =0y 1—C

®-\/1—0.0001:= ®

C=>1 .
s il
Ll e Glast s Conl Jodda ¢S = dslee &I 0l s

(Sl ) € =1 5

2 2
r+20or+o =0

C=1 1:1=1

= -0, Xi=e mt(A + Bt)

x(0) =%, A=Xg

v(0) = v -Aw + B = v, B:=vy+0yXg

Xi=e 0ﬁl:xo + (Vo + moxo)t] (25)



x Gt Sl S S i

3 e | e g ooy sl 4 S Las

(oo oy SI)E > 1 Il

ri= —§~mo+—(mo- 1 —Qz)

8:=m~\/§2—1

Xi=¢ Cmt(A-sinhoot + B-coshmt) (26)

s 3 b ol eslind 35l 5e 5Lk s Slo s ] on Sl s o 5 ke il

REOUHI QR E) PSS RGN PP PN

31 ol 5 eslizal b ol e et




X = (e_ Cmot)Acos(oth - d))

a:= A-e_Cm
T, zTJf
ol @0
a; a
Ll’l—.
aj .. 4
Ln— :=Col(j-i).2m.0] =— @
aj () — 1)
FAYYe Ll bl OB Lol s bl s ke
m=870 kg B B
1wl ol 0sls S de;- B >|)" uj:l;ﬁ)‘ Lwls 9 ode | S
n | 10 20 30 40
77777 777777 amm) ; oy | . a% LA v
L cibises glaygs gl ol doys Ol =V OB e =Y oledoys =) it sl
S r S S5

aj
Ll’l—.
o 4
Coon(j - )
LnE
10
= =.0067

o 21 (10— 0)

op = mfp =628%225=14.13

/ 2
Op = 0oy 1—C

N
m

+.0067-870-4.1:

14.13:= ® -\ 1 — .0067

kg

k:==177—
mm

C:= 164—
S

(O]

=4.1:



2

=870*14.13"

Jl"&lf-?‘u'ﬁ J'I:l;d)lM'b&.&lsltvéj)&)wluﬂﬁrym>)jﬁ)>
g VS
a
Ln—=2 6.7
. Ay Ll’14—8
= = - _ ;
211(30 — 20) P

->ﬁwr5}9@'ﬂb|ﬂjbd,lul>uulsp

tSwnlys ol g8 o3lul gl dasme Sl Sy,

e =

P s 03l lises .I:Lﬁéj)c;dgl:.iéﬂ.ujui”wl);

QLAMQ)‘)*&QJ{L»)&.!L»}; AJafJa Qb%l})ﬁ&

S8 3 Ol 5 o ool s 40 SleDbl S wnsd o 2l

777 7777777 ‘>)’“'.' 4"“"‘[’“ IJ J-‘-']m Lﬁ'!'ﬂ ﬂﬂi‘ 2 c‘}Lw
m=100¢
Oles 3 Sem sl o b 4 br G5 Llie o5l il
=] Sl s s ol alr Sl Syl e eyt =0
- k2

t:05 seC QLA) BLIE) _LJJL» 1Cm J_»IJ.» (r}) BEL LSIJ.:J')

k ol e =Y e cad =) :C,M.,...v.j.uaﬂ_lﬁélc‘)

C ol e Y

1=

T, =0.5sec
. o = 2r
— v 7

0=—20




K =mo®=100x12.97% =1681 {ﬂ)
m
C=2émo= 1247.2[1)
S
35S

0.5" o3l & 20K (55 5 w03l
Q.:J)‘.b}.ir&l.h) clftk:)c.kj l}ub-

— P(t)

0.3" Ll ciS5los ol wls
T=0.02s 1, 555 cpl osls Ol 5

5l ool Dl o

M‘)Cﬂ)ﬁb)bdf“‘b
Aoled

s
tesloms ol Collan 58 Y il 50 S S Y o L el iS5 a5l o
e )
St sl
sl bl 5 st e £ G ol b 6 ST STSEY 5l g &S > asls
33,8 Jlasl O 4 jresbo Vo e

(g gow) Soplod S pxo0 4y 0w Gl

i) e o O



mX +kx = P, sinwt

. . B
X+ x =—sInwt
m

X, = Asin @yt + B cos ot

x, = Gsinat

xX=x,+x,

e Dl

oo Sl

'x—Asina)t+Bcosa)t+P" ! sinwt
. 0 0 k W)

mX +cx + kx = Py sinwt

.. . P, .
¥+ 280% + 0’ x = Lsinot
m

x, = e " (Asinw,t + Bcos wpt)

x, = G sinwt + G, cos @t

L1t o5 DMF

Xo=Vo=0 3
=0,4= hp
k(1-p?)
o o0

2&.;).5)[.& Sfu@dc&wé C»Sf' &Nlﬂ) aalee

18 S e Sl
Slasd B sl 1l S s 4 o Sl S
el oS~ Josil s dslee s ol Oslg



[— Gw’-G,m (2§w)+ G0’ ]sin ot = isinwt
m

[— G’ —G,w(2§w)+ G,0’ ]coswt =0

il g il does )

2

A 1-p
G=—r—
ko (1-p2) +(2¢p)
25
ko (1-p2) +(2ep)

_ _ ot
X=X, +xp =e

(T ag - hinar-22pcone]

. P
(Asinwpt + Bcos a),)t)+7°-

(SF el Sl b L
= e *"(Asinw,t + Bcos 1)+ psin(@t — o)

= .

SfqulejcKLwédulsJﬁwlu«JLsJﬁjéJﬁL& c.»l.l

Lle 5 1,08 el (oo 55 Juls sy
:Ji‘lww@ﬂ;ﬁimﬁqﬁd@&&da@;&sqbégqqt{-

Xﬂ




Tl QUL wads o po

H = DMF = 21
Ji-p) +(2zpY

4
3
H 2

I R

—

\
0
0 1 2 3
B=w/w

ool 318 BYS|
el Cews & ) C.»Ll Do SIN@t (S 5,0 Jlas! rl.(;a 55 &S mhe

X =X, sin(@t — @)

1 28B _@
1-B° ’ﬁ_a)

@ =tan
(JLA)J_]GJJI)MI@JJLA;J&SJ&;A)I@ cjlblmc.»l.lé)j&wwm

Al o S s 0 s S omte (U b Sl 25 s sed s« Sl B E I b @ 3L bl



180

£=0.05 02 | ——

RO 7 S PRE ENNHEN ERPEIY B3 IR
(p:% old Ayl GO
ol 03 ash e SaFT 4 e s AL e IR (B =) Wil dbk SIS e b

:;w@!ﬂjcaj@l;:m6@&&;&;;,:('@.&)&@&,—;;]9;&;-

O O O O > ¥

)>|)L;1l>ul;-wf.;:.»Anﬁwd@lquyu-);AmbjﬂwMB 4_<._.'Jl;-J>
.M;wrquixggz

Wl >
ol gy (i) Sitlon S o a5 (53051 a3 G ol8ns G Glu) S AL sl 8 s



X =9, sin(wt — ) D

p=[i-p?) + zpy]”

P
502?0.

D_o . p =12

1

= =50
2x0.01

5, =503

Dol Dy 03551 S @ sl

1

D =—

PO Ol e & S S slie gl S

V_ul;ﬁ:()()l&lf‘j\;a

bl anls c ol Y s Ll &S Sm S sl auals s S 63V 5 ol G (gl o

el Sl ol 00 Saalus

Lol S S e S A 53 S e S0, 1 LAl S

Op =0, =01-&°

wp = 01-28 = [a)\/l —g2 1]:2;;
W, =0, [1- 522
1-¢

CJ\)MIJ.:.’G\))

P S S LsE S

il l3 55 g S35 SIE <04 Gl oS



DT s 3 e s o Bl ol S sS slis L B=1 gl

P 1

X() = —"-—(e’i‘”’ l)cos ot
K 2

=1, o=0

iy 5 05l S wg ol 1) 31y S T o 33— Do 4 G el mU ABLE =0 S

: V—:)b
R(t) = ;{(t) :%(sinwt—wtcoswt) Sl 4 (Seelys gl o
9 X Rt
112
\ t 0<€<<1
-1/2¢
Rat)
t =0
)30 75 051l

ST B, ey =)

A a,

Ln—-
_ P;
5_2n(j—i)

LSS awls =Y




- B gzl&
Po 25 2pmax

Half Power (band Width) Method .. Jis 25,-3

.)ﬁwa)@l&j)wljh.\ihﬁ Poéﬂ—fé}'-\il“sgl});

pmax
p
maxi,, s

HELQE PRGN PLp

Al ok ey S B e 13 ged ST

J.ﬂ&ﬂ ;}"\J‘.."c
el gl e b g ay e (655 alome )
X:psin(wt—(p)

).( = paw COS(iD' t—(p)

fr=CX =Capcos(@mt-¢) sl S



dlﬂ&jﬂbjw‘;)_ﬁjgtf
i g bl Ol JulS s Ky s sy s S IS
2

“w, =nab =ncw P

Dslae gl e 558 poms Ol g JulS 595 SO s ahy Hda (6501 Ol L3l €S, G s aseilor

C

eq

Tw pZ

:-H“Lfﬂwé‘ﬂ.}ﬂ‘}‘t]@l‘)‘}l



b Sl i Gl (ol o b

Ce‘[ — WD _— WD _
Ce 4 W wKp

.-(S:

Lss A s bl 81 ailes sl s s Sl bu s aiy s 48 Wp O s o8
w

Rl 522505 GOS0l 8 2)0S S L ) a3le OIS s 4 2l e Sl
LK 5 Ws Wp o 0lg oS s 1 ol & o 0l Jlesl (55,0 I3 505 aasilin & 50

el il (Sl ol b L (Soalus bl 5 3050 oy

= b
WD R

JEENEN




AWV O 5558

3,5 3 5 a0 IS0 Kales 55 Co Foa ) LU L a0 sl
ok S Ol Nl esbe gl 5B LAl ST el 0w Sl el auels
G2R eSS Vel esle oo bl s 15 553 S s 0l s LIS Ol A3
‘JJJg

J>

Jol 95

oy 5 eslizad U

2
w, =nab =ncw o,

CWfl)o.ulﬂ.a)lsg;lj:@ub&l].wbojﬁfuuv..lsja&lfﬂi ﬂéu.auJL@_va

Wl e Sy 3 el 51 C e s S Ol

dsl S

WD:ﬂ.C.;p2

0=0.05m

we2kr#s=31.4794

S
_w_2m*5
wo 2T *10
*(1— B2 *(1_ A
an(6) - 2§.ﬂ2 L @@)H1-BY) @O A-05%) oo,
1-B 28 2%0.5
C=2Emw=2%0.0753*100*27 *10= 946.25k—g
S

W, =m*946.25%31.4*.05"2 =233.36

£9S 49,

IS rl;ul )Ls ijflﬂ BL ol als )Ls ﬁ‘}LvJ QL»:}J BEL jb BL 4)'.\.1L; JZL!J)l QJ[}- BL V._.'_»l.\._.'.a

w =W,

ext . force



W s oree = | Pelx= [ (g sinwt)(pweos(wt - §)) e
— pwt=21w —_
W ot foree = Po P WJ. L, Sinwr cos(wt —¢)dt

Wexl.‘)‘brce = W[) =D pW[TL' sin ¢]
S el Sl sl B 5o e

WIS gy 4 (2] o (et

:wumpa) Zwﬁﬁswlﬁjwmugls;uﬂ;uﬁl

1_28P

2

@ =tan" =tan 'o=7/2

35l 4 ;GJ%I&&%@M?QJ@
P = B,Sin(wt)
x:&.L.Sin(a)t—ﬂQ)
k 2&

feeols sl ol slag s Coad s A S L

Ji+ o+ fs = p(@)

g OF =27+ T0 /2 s, o ol 5 oS00 i) s
P=PFRSin2rk +m/2)=F,
f., =kx =kpSin(2nk) =0
fp zckzcprOS(ZHk+H/2—H/2):ca)p
1 =m}€=—mpa)2Sin2l_[k=0



0+ fp+0=p s.cop =K,

P
c=20
ng=—to
Zmgy p

S oslazal 3 Ll 51 ST g

§= —
2
2[IK p —
P o
0]
:wu@mw,;)upg—lﬁus
éz WD
201K p°

(Vibration Isolation) yolss , ;8,5 @sle
e 3 8 ST 5 o 3 el w8135 e Gl s s SO lealSans 1 IR g
35 Jes s JSE 0 Olsme 5,0 opl GalS gl ol sl S b sias 15T sl 5e 5l
Lol ol Salan 65,0 5l 20 oluls
P .
x(1)=-LDSin(wt— @)
K
2J§|ﬂ)> ol >l>.=:|6‘5j_:.'v‘5
fp = Cx= C%DwCos(wt -Q)
o3l )3 ol sl (55,0
fs =kx = PB,DSin(w.t—@)



i il 'f;uPPOW Gl s Sop bl Sl s ool s sddsll (5558 e

fop. =S5+ 1= (POD)Sin(a.t—(p)+(C%DE)COS(E.t—(p)

fo, = PSin(@t—p—¢')

P =
K
.. P=PD\(1+2EB)
s A g JUESI G o
TR = ; =D N+ (288 )°

0

T ransm issibility
R atio

Iy leSJéL_.Po oo (S wuls &S 0l il gl 4o bl SO ol G ansler
O b sl sls Galsdl slgsds a Bl Olgie o 4o 300y o, SRals sl Ll 35l o o
o as) StV L 5 ead S @ Vseme LI o8 5l S5 1 K e e Ol

35 Ko el (5 n 2]

‘st 49,09 §955 2 2o I
515 88 55 6,0 ol 5 5d e alDle G IS 55 a5 shailan

RG| cJ...:bjlﬁ 2\/5 ))jchs ﬁ S\/E c)'l..»Jé Jl J.'»'l

& Salos oS o 5l b byl sl
:V_ul;b}_i..i@u.-jjl.,



Ug=Ug Sin wt U/<<t>
Yols >

s Gllae ol U, (1)
o3k Glae &l?u.l,..u'(t)

to 3l e L;gl>=-'l>'u(lt)

ZQ,.MJIQSf-JéLﬂl{glﬁ&é}‘@bﬁg@)&ﬂ))gjbﬁdﬁ‘d)l;u
mii + cu + ku = —mii, (?)
;wu‘mp&ﬁu&;sfﬁl
. _ N2 N
U, (1) =—(®) u,Sin(w.t)

165l (5w aels

—2
R =mo u,
iy () = —5Sin(5.t)
m

Sl ) u.:lﬂuc)l..»wﬂ_v@s):- ‘dbbul.Uj:

mii +cu + ku = POSin(a.t)

Bl Gl Sobe ot Gl SILL S > dslee

u(t) = H.8,.Sin(w.t—)

—2
5 _&_ma)ug_ﬁzu
S - 2 g
K mao



ou(t)= B’ u,.H.Sin(ot— )

Al g s oSas &Sl &S
Zhwlﬂlﬂc@wJ;&.UaACSfj
4 —_—
u () =u(t)+u, ()

= pB? .H.ugSin(E.t —Q)+ ugSin(E.t)

blizo zilei 31 oolaw! b Soalod G youi Cxd olSiws dolro Jo
@Qélfhb;wcbjla>mlbulj3uﬁl) ;i.ﬁl.a.h Sfujlﬂjclilmb QASJ:- L}._.,.,,..lﬂ; Jales

i(at+(p)
Fe

:V_Ub;ﬂf S o i SIS 5 S >

() + 2Eu(t) + o u(t) = Po i)
m

ja‘m.suQL.':..'.(A.UJ_AL;I,J)K;aLe..A@UL;SJ,-JCWQ)}&@IJSW@USJS@JB-);
53 3 el ho (0) sl JS Sl o e sl dal il (9) 56 sl Kalen &b
ol =0

u,(t)= G.e'"
i, (1) = i0.G.e™

.. T2 io.t
u,(t)=-0 .Ge



HEYT J.:..N.'»ljé.p dsles 5 olie ol J,.Jf..l;- 3

P em T B[ (1=BH—=i(2Ep)
G==2[(-p*)+i2Ep) | —K{(l_ﬁm(zgﬁ)z}
G=G.e"
6:&- ! 1/2
K [a-p)+@epy ]
:;Mil;(.,_.al)s-}gj
268
0=t
an” (== 5

' _
ol 0'=-0 oA L Vp(h) & bs e daly 3G Sl

up (t) _ G.eia).t _ G.e—z@’.eia).t _ G.ei(a).t—e’)

P0|: l_ﬁz :|.€ia't
K [ (1-B%)+(2&B)’

o 76/
G@\(WT )

Ll B )+(2€ﬁ) }( e

sl Wlaise owd o bgypd Joles



ol S s 0L Jalses oo G 3 s 5 sl glag s alS o b s
Al s ey s

Sialer S s

P = Pye'

&b
ei0r=9)

v, =p

P

Ll (550

) o

_ i i(wt-0)
S, mv=-mo pe

_ o s i(0t-0)
fp, =cv=icope

fs,, = ky = kpei((;t—e)

d)b@%lél)l)f)b-éujﬁjwﬁlcﬁc@lﬂ&b}ﬁﬁ.&)@db&)&&&
sl

Ios

P=De¢"

|t

e,




e
(Wil (21 50) (2 lmaler 51 (SU (oo
S V_:.Lpij\a}
P = P, sin( aTt)
» psin(l ot — @)
b

v

cv = (2éw m)paTcos( aTt—q))
2 2
fL —+ vz =1
(280 womp) p
"W, =nmab =nacplo =20 omp’
‘L;JIKJ«L.)};&);J&.:>)l>‘f<:.~.35j>udv.}5;@C;Jdlﬂjlgibjl545>ﬁw‘dé>m

.))')ﬁ»ﬂé\)'ﬁ)l{&ﬂ@jﬁ)ﬁ;{b’;}“‘)'m

o= 3ol 3B Ml A js A ol a4 Ll el

fD = iékv
fo = kv
K =k +i&)
mv + Kv = Poei‘“_’
vp =G€ iaTt
- —
= - Ge iot

v
- — .
[—mw +K]Ge = pPie'”!

LG = i

k[—rz;2+(1+i§)}

G_P_o{ 1 }ZP_O(l—IV)—iC
kLa-pB*)+ic k(1= +¢?

V_Ge iot




m=to 08D
k(1-B) +¢
_ P_o é’ . ot
(2) = i (1—ﬁ2)2+C2( ie'”")
(3) = pe ™ =)+ (2)
p=tla-pree™
9_ = tan - 5 2
_ b= ﬁ
ot
£
ke —
/// ‘\\\\ P = PO Sin( (Dt)
Ny P wv=psin©1-0)
— fp = Ekp cos( an - 9_)
/b
(fik )? + ( —)?
v s

W, =mnrab =n ((kp)p =nEmaw’p’
B.84 daf, VWV 2) OW LS s sl K 54.3 DA 5y el UL (65 e

el ol s 5 oo bl 50l 5 5 & =28



W,=2mo’p’
. C: — WD
2amw’p’
s ks Gy 5 Soge 4 g el e S 8 e S LG bl s oS dls
sols ool
C =2éom
Seolind il 31 (S Jo 6l 0 (2ol
o plonil (3T G CAB O ol 5 o 03T s 61 ¥ L Bl 51 S s
5w el 5ol an S 515 Kalens 65,0 55 oS 05t ol &5 G5 pds Sl

b el el s ol

m

sosS S

o Js

TS ST

¢ s

ol ool [ ilesT ol 0155 o 55 )
93550 oy Gl gl 05 a1y SleDbl ax-Y

S5 o 88 o3l T bl s (Reference) L ojle & a8 &0 sl

W&)ﬁ&jﬂé})h‘jw &leb}&;&wdfm[};;ajleshb‘j]g)l.ﬁa—
92 .r-:':.s‘f

SN e 51
il ol




1

todal Conds leSb

JJLQ-\-M—_!CE—-NWD
W, = ncan2
Py
K = L.
o
p
c= o
TCcwp
9 S e
:>l>qu))ééﬂﬁqoljjwb&jmcbﬁ
- 27n 27n
P(t)=a0+2ancos—t Zb T t
n=1 n=1 P
P(t)
— o &
VoS
3y el acnlbe LB 5 slaslst el Lbn 580 <ol o &
J.Sm tSln—tdt—
p

tCos —tdt =
Tp



2
J.Sm Zmm tCos —tdt =

p
27 T
fSin2 ﬂtalt = IC 2 T g = e
! T T 2
r 0 r
2 2
a, :—IP(t)Cosﬂtdt
T
P 0 p
2 2
b, == [ P())Sin """ 1dt
0 Tp

Wy 2 S 4 OlE e 1 A (G e

P(t)=PF+Y p,Sin(w,t—¢,)

n=l1

27nn
©, =

TP
p,=Ala, +5,7)
@, = tan ' =

a’l
:;lw!o)uéfd&gggjuigéﬂg

X(t _fo 2 sm(a) t—@, — (pn)

H - ! L7
C g ey K



@, = tan 3
1-p8,
21n
o, T, T
= = - n_
& @ 2_7r T,

..Luj“ el l)J‘L} g}L&&)‘K)L»Q:d@)JSJ c@b&@ff b= Jlie

P()

‘>
T 5
1 1 2
a, = —IP(t)it = —Ism o=
PO T 0 Ty T
2 ot O 0—>n=2k+1
=—.[P cos® tdt——.[P sm—cos—tdt— P, 2
T, 1 T, 1 T, T, 0 n=2k
T 1-n
p 2mt . 2mt P°—> 1
n=
b —IP sin® tdt——.[P sin="Lsin=2" gy = 2
T, T,
0—->n>1

2 2 2
P(t)— 1+—s1na)t— —cos 2m,t — —cos 4@t — —cos 6w, t
3 15 35



4 . ¢
(QM.AI o)'L.» u‘jUT)éjJa u..aj.% ET]’I]’ LSJI.\SJL.» g‘jtﬁj >j.\.2j]adj~o o)'L.» J:lﬂ.a)ljsl

4
TPZ?T
0] T 3
ﬂl__‘__:_
o} T, 4
ﬂn—na)‘—3n
0]

P . 1 1
X ()= =2 1+8—ﬂsm a)lt+£cos 2w, + —cos 4w,t + ... cos 6wt
Kn 7 15 60

(OWS OlS) 4142 (a0, 8 g )t Joad Jleos

4-1. Express the periodic loading shown in Fig. P4-1 as a Fourier series. Thus,

determine the coefficients ¢, and b,, by means of Egs. (4-3) for the periodic
loading given by

. 3m
p(t) = po sin i (0 << 2m)
Ty
p(t) =10 (27 < t < 3m)

Then write the loading in the series form of Eq. (4-1).
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4-2. Repeat Prob. 4-1 for the periodic loading shown in Fig. P4-2.
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6-1. The undamped SDOF system of Fig. P6-1a is subjected to the half sine-wave
loading of Fig. P6-1b. Calculate the spring force history f, () for the time 0 <
t < 0.6 sec by numerical evaluation of the Duhamel integral with &7 = 0.1 sec
using:
(a) Simple summation
(&) Trapezoidal rule
{c) Simpson’s rule
Compare these results with those obtained with Eq. (5-1) evaluated at the same
0.1 sec time increments.
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Example Eé6-1. The dynamic response of a water tower subjected to a
blast loading will now be presented to illustrate the above numerical procedure
for obtaining undamped response through the time domain in accordance with
Eq. (6-14). The idealizations of the structure and blast loading are shown in

Fig. E6-1. For this system, the vibration frequency and period are

: 32.2) 7
= ,,f%f - % —30rad/sec T = Qw_*r = 0.209 sec

vl(t) -—‘ W =96.6kips
- 1)
ﬁ/ P(

P(f) —— 96.6 kips

|
|
|
~— k=2,700 kips/jt : '
|
|

S

0.025sec ~ 0.0255ec

— 1 Loading history

The time increment used in the numerical integration is A7 = 0.005 see, which
corresponds to an angular increment in free vibrations of w A7 = 0.15 rad
(probably a somewhat longer increment would give equally satisfactory results).
In this analysis, Simpson’s-rule summation as given by Eq. (6-13c) is used.

An evaluation of response over the first 10 time steps is presented in a
convenient tabular format in Table E6-1. The operations performed in each
column are generally apparent from the labels at the top; however, a few brief
comments may be helpful as follows: (a) Columns (4) through (10) are used to
evaluate EN/F (where F' = At/3mw) in accordance with Eq. (6-13c) using
yn = py, coswiy. (b) Columns (11) through (17) are used to evaluate By/F
in accordance with its equivalence of Eq. (6-13¢). (c) Columns (18) through
(21) are used to evaluate v in accordance with Eq. (6-14). (d) The last column
is used to evaluate the spring force fg = kwvy. (e) The multiplication factor
M; = 1 need not be shown in Table E6-1; however, it is entered for later
comparison with My # 1 as required in the damped-response solution.



Since the blast loading terminates at the end of the first 10 time steps, the
values of A and B remain constant after time + = 0.050. If these constant values
are designated A and B, the free vibrations which follow the blast loading are
ziven by

v(t)=4A sinwt—B coswt

in accordance with Eq. (6-10). The amplitude of this motion is
. e aly2
Umax = [(A )+ (B )2]

In the above example, A" = 1026 F = 0.0190 ft [0.579 em] and B =
956 F = 0.0177 ft [0.539 cm] [see Columns (10) and (17) for N = 10] so that
vmax = 0.0260 ¢ [0.792 em] and fg = 70.2 kips [31, 840 kg].
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5-1. Consider the basic dynamic system of Fig. 2-1a with the following properties:
W = 6001 (m = W/g) and & = 1,000 {b/in. Assume that it is subjected
to a half sine-wave impulse (Fig. 5-2) of amplitude p; = 500 Ib and duration
f1 = 0.15 see. Determine:
(a) The time at which the maximum response will occur.

(b) The maximum spring force produced by this loading; check this result
with that obtained by use of Fig. 5-6.

5-2. A triangular impulse that increases linearly from zero to the peak value is
expressed as p(t) = polt/t;) (0<t < ty).
(a) Derive an expression for the response of a SDOF structure to this laoding,
starting from “at rest” conditions.
(b) Determine the maximum response ratio

Pmax
po/k

Rmax =

resulting from this loading if 1 = 37 /w.



5-3. A quarter cosine-wave impulse is expressed as

—

p(t) = pg cos@Tt 0D<t< %

(a) Derive an expression for the response to this impuse, starting from rest.
(b) Determine the maximum response ratio

Umax
po/k

if T=w

Rmax =

5-4. The basic SDOF system of Fig. 2-1a, having the following properties, & =
20 kips/in and m = 4 kips - sec? /in, is subjected to a triangular impulse of
the form of Fig. 5-5 with p; = 15 kips and £, = 0.157".
(a) Using the shock spectra of Fig. 5-6, determine the maximum spring force
FSmax-
(b) Using Eq. (5-21). compute approximately the maximum displacement and
spring force; compare with the result of part a.

5-5. The water tank of Fig. P3-la can be treated as a SDOF structure with the
following properties: m = 4 kips - sec? fin, k = 40 kips/in. As a result of an
explosion, the tank is subjected to the dynamic-load history shown in Fig. P5-
1 b, Compute approximately the maximum overturning moment My at the base
of the tower using Eq. (5-21) and evaluating the impulse integral by means of
Simpson’s rule:

At
]pdt: = (Po + 4p1 + 2p2 +4ps + ps)

FIGURE P5-1
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8-1. For the uniform cantilever tower of Example E8-3, the following expressions
for the generalized mass and stiffness were determined:

m* =0228mL

B =

wl =
(S I
h|t‘rj
] b~

Based on these expressions, compute the period of vibration for a concrete tower
200 ft high, with an outside diameter of 12 ft and wall thickness of & in, for
which the following properties may be assumed:

7 =110 1b - sec?/ ft*
EI=165 % 10°1b- ft®

8-2. Assuming that the tower of Prob. 8-1 supports an additional point weight of
400 Eips at the top. determine the period of vibration (neglecting the geometric
stiffness effect).

8-3. Forthe system shown in Fig. P8-1, determine the generalized physical properties
m*, ¢*, k*, and the generalized loading p*(t). all defined with respect to the
displacement coordinate Z (7). Express the results in terms of the given physical
properties and dimensions.
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FIGURE P8-1

8-4. Repeat Prob. 8-3 for the structure shown in Fig. P8-2.

| 2L Mo L —f— L —

— load / \

’J,’ pin length \\\_ /
T I I [ LZ'E” — Inextensible

_&N W massless cable

“Rigid uniform bar i

Total mass = m

Pulley:
Total mass = m
{uniform over area)

i

-5. Repeat Prob. 8-3 for the structure shown in Fig. P8-3. (Hint: this system has
only one dynamic degree of freedom; this is associated with the rotational inertia
of the rigid bar of mass m.)

FIGURE P8-2

il
‘ - Rigid massless bar
I
A ‘J'A Rigid uniform bar
= k s (Total mass = m)
Zit) ‘
L L
I L I L =3~ 7

FIGURE P8§.3



8-6. The column of Fig. P8-4 is to be treated as a SDOF system by defining its

displaced shape as
, vz, t) N S
o=y =(z) (3-3z)

Denoting the uniformly distributed mass per unit length by 77, the uniform
stiffness by ET, and the uniformly distributed load per unit length by Fit).
evaluate the generalized physical properties m™* and &* and the generalized
loading p*(t).

X

l Z[r}‘

7
/

I }—ﬁfuu.rh Wix) Zir)

— ; Uniform column
5 gy s

H length
I i ET'= flexural rigidity

T FIGURE P8-4

8-7. (a) If a downward load N is applied at the top of the column of Prob. 8-
6. evaluate its combined generalized stiffness E using the same shape
function ¢(x).

(b) Repeat part a assuming that the axial force in the column varies linearly
along its length as N(z) = N(1 — =/L).

8-8. Assume that the uniform slab of Fig. 8-4 is square. with side length a, and s
simply supported on all four edges.
(a) If its mass per unit area is v and its flexural rigidity is D, determine its
generalized properties m* and k* in terms of the central displacement
coordinate Z(t). Assume the displacement function is

, . omx ., Ty
U(x,y) = sin — sin —
' a a

{(p) The uniformly distributed external loading per unit of area is T(t). Deter-
mine the generalized loading p*(¢) based on the displacement function of
part a.



8-9. The outer diameters, height, and material properties of a conical concrete
smokestack are shown in Fig. P8-5. Assuming a uniform wall thickness of
& ine and that the deflected shape is given by

CoS T
2L

W(z)=1-

compute the generalized mass m* and stiffness £* of the structure. Dividing
the height into two equal segments, use Simpson's rule to evaluate the integrals,
including in the summations the integrand values for the bottom, middle, and
top sections. For example

m* = —T (Yo + 4w + u2)

where y; = m!--t"f evaluated at level “i.”

X
s

_—2"—|— _.-"

-] \ x)=1-cosZX

A

i l=—L—Concrete stack:

| ||/ densiy = 150 iy
i E =13 10° [bin®

200 | LH," wall thickness = 8 in

——f—185 FIGURE P8.3

8-10. By Rayleigh's method, compute the period of vibration of the uniform beam
supporting a central mass 72, shown in Fig. P8-6. For the assumed shape. use
the deflection produced by a central load p; i.e., v(x) = pz(3L? — 422) /A8ET
for 0 < » < L /2, symmetric with respect to @ = L /2. Consider the cases: (a)
ny = 0, and (b) mq, = 3TL.



Assumed shape

ha|l"-

vix)

8-11.

FIGURE P38-6

(@) Determine the period of vibration of the frame shown in Fig. P8-7, assum-
ing the girder to be rigid and the deflected shape of the columns to be that

due to a lateral load p acting on the girder v(z) = p (3L2z — 2% /12ET;
(b) What fraction of the total column weight assumed lumped with the girder
weight will give the same period of vibration as was found in part a?

- Rigid mass:
e L 451.

X

mass

m
- gy length

| {each column)

| |
}

L‘T Assumed shape
]

L

| l vix)

FIGURE P8-7

8-12, The shear building of Fig. P8-8 has its entire mass lumped in the rigid girders.
Far the given mass and stiffness properties, and assuming a linear initial shape
(as shown), evaluate the period of vibration by:

(a) Rayleigh method Fgp
(b) Rayleigh method Fp;
(c) Rayleigh method R;;

. 2,.
my =2 kips sec'fin

ky = 400 kips/in

my =2 kips: recin

k, = 800 kips/in

my =2 kips: secin

U1I0]= l'\l
UJIOJ— i"_
2 3T
&
(0 _ 1A
vy = .-—

ky= 1200 kips/in

FIGURE PS-8
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10-1.

10-2.

10-3.

10-4.

/s, 36 =36 3L 3L (v
fs, N |-36 36 -3L -3L||v,
fo |30 3L -3L 4 -1 ||v,
Je, 3L -3L -I* 4L ||v,

£U)/ GOSN fead Jilast oy jal
Using the hermitian polynomials, Eq. (10-16), as shape [unctions ¢; (), evaluate
by means of Eg. (10-21) the finite-element stiffness coefficient kg for a beam
having the following variation of flexural rigidity: F1(x) = Elg(l +=/L).
Making use of Eq. (10-28), compulte the consistent mass coefficient mog for a
beam with the following nonuniform mass distribution: m(x) = m(1 + = /L).
Assume the shape functions of Eq. (10-16) and evaluate the integral by Simpson’s
rule, dividing the beam into four segments of equal length.

The distributed load applied to a certain beam may be expressed as

I .
plae, ) = ﬁ(? + f_) sin ot

Making use of Eq. (10-34a), write an expression for the time variation of the
consistent load component ps () based on the shape function of Eqg. (10-16).
Using Eq. (10-42), evaluate the consistent geometric stiffness coefficient fgoy
forabeam having the following distribution of axial force: N{x) = Ny(2—x/L).
Make use of the shape functions of Eq. (10-16) and evaluate the integral by
Simpson’s rule using A = L /4.
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. Evaluate the fundamental vibration-mode shape and frequency for the building of

Prob. 8-12 using the matrix iteration method. Note that the flexibility matrix may
be obtained from the given story shear stiffness either by inverting the stiffness
matrix or by applying a unit load successively at each story, and evaluating the
resulting displacements at each story.

. Evaluate the highest mode shape and frequency for the building of Prob. 13-1

by matrix iteration, using the stiftness form of the dynamic matrix Eq. (13-45).

. Evaluate the second mode shape and frequency for the shear building of Prob. 12-

4 by matrix iteration. To form the first mode sweeping matrix .Sy, use the given
first mode shape ¢ and Eq. (13-30).

. A beam with three lumped masses is shown in Fig. P13-1; also shown are

its flexibility and stiffness matrices. By matrix iteration, determine the axial
force Ngr that will cause this beam to buckle. In this analysis, use the linear
approximation, Eq. (10-36), to express the geometric stiffness of the beam.
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