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Abstract

At present, the trends of building’s design is to make its more distance between
columns and become a more multipurpose buildings to make the area clear consistent with
various activities such as exercise activities or rhythmic activities. Therefore, the floor system
widely used for responsibility to long span support is the hollow core concrete plank which have
clear span 8 mater to 13 meters. Although these hollow core concrete plank are designed for
supporting load from humans living, the impact of human activities on other aspects may also be
affected such as vibration of the floor which may affect the user's perception. It will result in
discomfort or be disturbed. In this research, the responses of hollow core concrete plank with its
span length 8 maters to 13 meters including shear force, bending moment, deflection and its
acceleration due to human walking and aerobics class activities. A Newton's Second Law of
Motion is adopted to analysis the response of hollow core concrete plank. The objective is to
assess the safety of hollow core slab during excited by human walking and aerobics class activity.
The serviceability of slab is evaluated by considering from deflection and the human perception is
evaluated in term of average acceleration (arms) which compared with human comfort while
vibration recommended by American institute of steel construction (AISC 1977). The results
shown all span length of hollow core slab can resist the dynamic forces due to human walking
and aerobics class activities safely. Maximum shear and bending moment do not exceed the shear
and bending resistance of hollow core slab. In part of operating conditions. Slab with span length
at 8, 10 and 12 meter provide exceed the maximum allowable deflection (L/360) and the level of
disturbance which the human perceive from the vibration are occurred in hollow core slab with
span length 8, 10 and 12 meters. Using hollow core slab with span length 12 meters for

supporting aerobic activity can affect the perception of the vibration of those who are dancing.
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@1519% 2-1 Commom Forcing Frequencies ( f ) and Dynamic Coefficient (¢, )

Table 2-1
Common Forcing Frequencies ( f ) and

Dynamic Coefficients*( )

Harmonic Person Walking Aerobics Class Group Dancing
i f,Hz a, f,Hz a, f,Hz a,
1 1.6-2.2 0.50 2-2.75 1.5 1.5-3 0.5
2 32-44 0.20 4-5.50 0.6 - -
3 4.8-6.6 0.10 6—8.25 0.1 - -
4 6.4—8.8 0.05 - - - -

*dynamic coefficient = peak sinusoidal force/weight of person(s).
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mx (t)+cx(t)+kx(t)=0 (2.11)

2.3.1.3.1 MUV 52U 95z UUN 1NHAIMUIIM T UINOU (Free Vibration of
Undamped SDOF System)
vingluvuaunisvesmsduedisdaszluaunish 2.11) winlulidaniiens

o I
Fuaziouaz@eu lailu

mx(t)+kx(t)=0 (2.12)

ﬁumsg%muﬁ’uﬁ'ﬁ (2.12) ausamsmaey Idillounumis uduiing =o
s x(t) = Acosawt + Bsin ot (2.13)
YEL) x(t) = Asin(wt + @) (2.14)

I [ S 4 A )

Tae A, B uaz @ ilumaanaaldoinQon luausudu (initial condition) Y94 sduaziion
A ) A A 1A o ' M A 2 A
31U 2.12 naasnswimsdueazieuvesszuui lidminmsduazinou Fudeu
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agUuuuaumsi 2.14) iesningluuvvesaumsitludanan lal auiumsduazionas
a tg o A =Wl 1 [ 1 a
Mavuaan Taguuamsauazsiouaziaumny A uazey liaaas lunmemenine1nesine
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]lﬂ'n ﬂ’]iulllN@]QWU?QﬂTiﬁUﬁglﬂSUWTImNNﬂ’]igﬂlulﬁleﬁQ\ﬂu@@ﬂﬁnﬂigﬂ‘U NWAWNIUNIT
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3 o f 2 3
VOIMAUALNOUTUNUTN VAT %) UONINY wzmmmmmiﬁuﬁmﬁ@u T A

v o Jdou 1 <3 [
ANUTUNUTIUMANULVITYS Sz uIaAIduNIS

I (2.15)

vk/m

= 2r
x(t) Jk/m
Initial __
condition
A
t
@

——h—| |t —

Tim

A ) A a AN 1A o ' 3 A
gﬂ'ﬂ 2.12 ﬂ5'W‘Iﬂ’]iﬁuﬁzl‘ﬂ@1!LUJTJ@ﬁi3GU@\15gtlJ‘]JWnlmJ@]'JVfu’Nﬂ'ﬁﬁUﬁzlﬂﬂu
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J A o A = v o Jo A o A
HANNAUNMTAUFLINOU T UANNFAUNUTNUANNINITAUASNOY f (frequency)
3 a o
LAZANULIT FIYNVDINITAU @ (angular velocity of the cyclic motion 130 circular frequency)

AIEUNIT

rT=—=—o0 (2.16)

9
v

uazlan o= (2.17)
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v ' 9
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UNIZUANVINTTUTSINDOUDYNYTU FIFUNUTOUAIANNLUIET ez uIa DLz

=Y a A 4 [ = o [ I [ yd v o {
al5arsenaalssluaousudunedaosldalsadunanaianuedgia'ls ssuuinsadun
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A v < ' = v A
ﬂ’JnJﬂWHLﬂZJ"]NﬂTH’Jiuhlﬂiﬁnllﬁllfﬂicﬂ (2.23) Lﬁlli’)llllﬁnﬂimﬂﬁﬂullﬂﬁﬂhlﬂ IHBIIN
v 9

' aa g wa < A =2 2 ad a a
ﬂ"lﬂ?"lllﬂﬂlﬂﬂﬁllll@ﬂl@ﬂigﬂﬂﬂ']iﬁuﬁzwl@uﬁ]\?!iﬂﬂﬂ?']llﬂﬂj"l ANUDTITUYI (natural

M '
frequency) ttazieu Taeld@18as Nesedus Baaiuaumsi 2.23) Seorvdeulan

we K (2.18)
m

=

' dy ' A a A = [l I = 1A =
AT @, ULITINIT ANUDTIITUFIALTIYY (Angular natural frequency) Inuaedu 1seeua N

nay f 1 k (2.19)
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o

2.3.1.3.2 MIFUUVVD AU ITTVUNNMINHIMITUINOU(Free Vibration of Damped

SDOF System)
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A 4 A 4 A &g )~ & 9
quasmou fmmimimaaummazuumiﬁuazmaumﬂu"lﬂmmanmﬁn (2.11) ¥IDINT

a0 magla
X=2Em X+’ x =0 (2.20)

Tagfim o, feudreaunisi (2.22) uay & AD BAT1EIUANNUN (Damping ratioyuAfi
lifinvieuazauniny
_c
- 2mo,

(2.21)

A l I @ A A o Y 1 [ 9
Auautianuivesszuuilusnlsienivzmuium1d adiulvaazdoq
pdsmInaasaazmslszina Tnssadunadmnssulos Taena liiinegiinn Erfoonin
fo liiiu 0.15 (W30 15%) Meodvesn & Taodszanadmivlassadwlsznnanquansd

luais1an 2-2
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A13197 2-2 APaTaIHANNHNE MU Tnssa 1l ssnnanen

Type of Construction

Steel frame, welded connections, flexible walls 0.02
Steel frame, welded connections, normal floors, exterior cladding 0.05
Steel frame, bolted connections, normal floors, exterior cladding 0.10
Concrete frame, flexible internal walls 0.05
Concrete frame, flexible internal walls, exterior cladding 0.07
Concrete frame, concrete of masonry shear walls 0.10
Concrete of masonry shear walls 0.10
Wood frame and shear wall 0.15

v
o =

ax o [ v SR o ) [ 1
ANDUUDIFTUNITN (2.20) ﬁ']?J']iﬂﬁ']"lmﬂﬂ?%ﬁ?ﬁﬁﬂllfgljﬁﬂﬂ'ﬁ@hlwu‘ﬁ é]?\?ﬂ']@]@‘].lﬁ']ﬁi‘]_lﬂ'] 5

= 9 J = 9 @ 9 a A
Nloen 1 Fedgoanaoeny InseaiunInIngsulesne

x(t)=e" [(X(O)cos Wt + X(0)+x(0)éa, sin wpt (2.22)

25

Tafi wp = W 1- & (2.23)

a A = = v Y o % =
ﬂTiLlﬁﬂDmﬂDLWi’)ﬁﬂ‘HTﬂﬂNﬁﬂlf’Nﬂ’Nll‘HH’NGlL!IﬂiﬂﬁiN @1‘1]‘1/]11@1@8ﬂ15!51181!

=1

AT uNITN (2.13) isufsunuaunmsn (2.20) laaasln (2.14)

u

" ~ ulih .
Undamped structure

+ Dinnped structure
at()) ’

T

717 2.14 mavesnNUIKEMI AUV VBT E
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(%

< v A 0o o A A a d Aa (] [ = (=]
wiiunmdyianniuae ueundgavesnisduninnuninee linshualiaiaaasniy
nanrull guilownvnnmsaaienalnuveinsnaoui lagaaniiig AeunagnIz oy

meluveuvavesn pe " Tagi

p=[[x(0)] + (0)+x(0)¢a, | (2.24)

@,

]
A o 1

[ ) a [} [
HINTUNANTUTULVUDATEUDITECUUNUDAITITIUANUKUIUNINUY 2%, 5% ,
A v A 9 ] g‘/ _R Ao I 3 A 9 [ J.
10% g 20% UBDINNITUIALTUAUINIUU FauanyuzYu (‘ﬂ'J'UJLi'JLi?J@HW]']ﬂTJf[HfJ)
. . Aa a ] A o A I~ Y 1w 1 [
simple harmonic WNLL@NWﬁﬂﬂllll‘ﬂ\Wl muﬁm“lugﬂw 2.17 ﬁ]glﬁuulﬂ'ﬂﬂ']@ﬁi']ﬁﬁ‘Llﬂ'J']llW‘Ll'N

UNAADBANIINITANIVDILBUNAA

utihd uttl)

=10% o =20%

0 Uhv.\,.

n ] [ 15 20 hl Y 13 20
1T, T,

31U 2.15 MIdUIDUBAITTVDIE VY SDOF N & = 2%, 5%, 10% Hag 20%

Q'J 4 d a
23.14 mﬁamﬁmmmmmzéjwmuaﬁmuﬂ (Vibration due to Harmonic Excitation)
Tﬂﬂﬁ’a"lﬂmiﬁu"lmmmizuuﬂ’mﬁmﬁawmmigmmmﬂu@ﬂmmzé’u 13
Y A A = A3 a 2 A ' . . . . 1
ﬂizﬁ]ummumuazugﬂuuuwmmunﬂqm‘unmwm 158071 Periodic excitation (¥ 443
Y I A . . . R Ao A R . Y A
NITAULDUVIITHIUN (Harmonic excitation) muaﬂymzmuauﬂﬂﬂ%u sin HINUIINTSAUN
[} 1 d’ = 1 g a a 1 . . . .
aﬂE‘EL!Wlﬂmi’]QLLG]?JQ‘}JLLUUIIJJ%H@UJLSEJﬂ’N Non-periodic excitation
winusanszquilanyuzsIns 1 luaeiloaienan Transient excitation FINTAUVDS
‘J$‘1_I‘1_Iixﬁﬁﬁﬁﬁlliﬁﬂizﬁmijﬁﬂﬂﬁ Forced vibration WﬁﬂﬁﬂﬂlliﬁﬂizﬁTﬁﬂﬂﬁﬁ N1SAUVD
I @ Aa 1 % {1 o { Aa
EEA TR IR EASI AR EEa AV ISR IO ks £ F (Free vibration) HIINTTAU c‘fﬁﬁmmﬁmm‘ummﬁﬁﬁwm
A 1A v 1 d . . . &
su’eaiz1Jmummﬂuwuﬂu"lm%muﬂu Trasient excitation UV U
@ A 14 a I A o o o 1 a
miﬁummmﬂmqmauammumm’oumﬂummﬂty“lumim"lﬂqmsa‘ﬁ‘mams
v r r Y T
ﬁmﬁ@ﬁﬁﬂﬂuﬁQﬂWfJL!E]ﬂLL‘U‘]JﬁL!“] immuiuﬁmmmmuﬂu"lm UINWIITUITUNITNIT

4 4 da o v 4 -
ma@uml@ﬁzuuwmmﬂizmﬁlugﬂmmﬂﬁﬂ%u sine AYANND o LATUBDUNAYAVUDILIY

A p,
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mMX +CX +kx = p, sin ot (2.25)
aumsti (2.25) Taeuficmnsaviogiugl
x(t):e"f“’"tpcos(a)Dt—H)Jr% R, sin(wt - Q) (2.26)
Tagh p fisawaunisi (2.24)

S| X(0)+ X (0)ém,
d =tan a)DX(O)

(2.27)

po A (% d’ d' ) a
(Xg ), =--> A0 MIVIAUBINNNIT Py ANTEWDUADA
° k

R, A9 6A318IUUBINIABUALBULBIINUIINATAABNIIVIAILBIINUTY p, AT

ADATFIUTONTN AINUVLIINWNNATAVDINITVIA (Displacement response) HAUNINL

R, = ! (229)

\/[1—(a)—a)n )2}+[2§a)/a)n ]2

(2.29)

A ) @ ¢ < ] .
aums (2.26) UsznovlUdre 2 worl warlusniflumsaeuaueIsL oL dy (Transient response)
= ] [ o Y a A A 1 P
Fazgnanurinaaenalnuih iueunayaanasauvua Tl Tuigaenaiwiu 1y woild
3 A =R a dy [ A I'd a
a0 UNITNOUTUDININ (Steady-state response) FUNAVUAADALIAITEHINNULTIETUDUN

o e J v o {
NITNM NammmmimuauawQﬁmmu"lﬁ'waam muﬁﬂﬂugﬂﬁ 2.14

2 s Toral respunse

/ Steady-slate response
1 /

N
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T

u( / {n,),,
(=

{ o 4 J a
Eﬂ‘ﬁ 2.16 ﬂ?iﬁﬂﬂl@ﬂi%lllllﬁ@ﬂﬂ?ﬂlliﬂﬂ?ﬂu@ﬂullll31511@1”]

<3 Y A ] Y 1 I o ] g}.;
mﬂgﬂ%zmu"lmw Lllf’JL’JﬁTNTLl"hJﬂTi@@‘UﬁLI@Q‘l]%ﬂﬂijﬂ? steady-state response wWuvianuuu
9

o [ g ] {1 a <
Ay mynosanmsduluanyuzil vzjaiulUfdweunagaues steady-state response 11

Wan FInen % R, Tuaunsn (2.26) Aved Ry Adaunsh (2.27) ansauaadlugyl

=1

% v o o [ 9 v
ANNANRUTAUOATIY o/ 0, Taagii2.15
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[efarmation respoase factor By = w. / (n,),

Froguency i e f o1,

3

{ 1% [ o [ o 4 4 a
gﬂ‘ﬁ 2.17 AIUVIIINNNAIAVDINITUIA ﬁ?ﬁiﬂﬂ?iﬁﬂlﬁ@ﬂﬂ?ﬂuiﬁ31511’01”]

A S 9 A = a 'a A =
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o 4 ' { v U 4
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1 8B NIeDINITAOUAUDIADUTINATATAININHIOIAANIT AU 11206195 UIT

d d"d ' o 9 o Y o da! [
UsingmyaliruiBendinsauiod (Resonance) azowduna lanmgegaved R, yuagnu
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A Evpaszuuilunan

] 3 J o J 1

e l3naw mimaneuauosonsINainuea steady-state response HAIGINIINIS

1 a [] [] A g}./ A < 2K dy k) Y
ADUAUBIADLIITDADENNINIUTNN @ ~ o, WW MINTEVVITAUINDIAGIgal Idvzdos

o I ' o I !
Tdnarldusameuennszindessvuedainaueiluszoznauuneaunis Fauaag
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20
Envelope cun-cs . Slcddj -state amplitude

10 +— 12§
3L ﬂﬂﬂ /i/i/i/i
Rnavay VAVAVAVRVAVA

10— 1728 B ———— T R VA
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°1J 2.18 f‘lﬁﬁ‘l!"’ll’é)\ﬁ ‘]J‘]_I 1 £=0.05 mmmmmmauammummauﬂ

= a d Y d o
2.3.2 ﬂq‘H{]ﬂ1§3!ﬂ51$°}”i1”iu]ﬂﬂﬂ‘lﬂcléﬂil!uuﬂﬂﬂ

2.3.2.1 vausannaduluneunin

a 4 [l a4 a 2 = I a 4 =) [
msamawwwuaammmmu“lumum@ L‘]JL!ﬂ?iﬁ!ﬂi?%ﬂﬂ@uﬂi@]@ﬂui\iﬂlu
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a | A a X = 79 ¥ & a 7w
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WAT AL 13 1UAT NININITANUIUUATIZHT “lumsﬂ}asuumaumﬁmmmamiwﬁﬁﬂmﬁaﬂ
o a o 1 dy = o 0o < a A 9 o
ﬂWU'J‘EI!’JmﬁTSﬁLLWUWUﬂf’JLlﬂﬁ@f’]ﬂLLiQﬁ?Lﬁﬁ]gﬂ%’u@ﬂaﬂﬁﬂﬂﬂﬁJﬂWﬂ 91U g ﬂTﬂﬁlﬁlliﬁﬂig‘Vﬂ

@ 4 a a a 4
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[y ° a d X
4.1.1 fENIMIAMUIADATIZHUNUNY
[y o a d H 4 a a d H
4.1.1.1 fMRE1IMINIVIATZAMIUNIHOIDNNNGANTINMSIAU VB INYBAT

AN 9 INAT

TOPPING .05m
HOLLOW CORE 0.20m
— }'0“.10 m 0.10”m" -
9.00m

{ ] g a a 4
qij‘lj‘ﬁ 4.1 ﬂ’ﬂllEJTJLlﬁgﬂ’ﬂﬂﬂuﬁl@ﬂlmuﬁuﬁnﬂﬂ‘l]ﬂiillﬂ?imusll@\illiélklﬂ

ﬂ1§f’°|11r!’r]ﬂ!‘i’i1?hﬂ’r)1ll!$i’)ﬂ ANULAL BAZANNTIHI

Wyic,ropping =350 kg /m?=334x1.2 x% =1890kg

1) mmanuRes (m)

W _18%_19266kg/ ™
g 981 S

2.) wmmanaunds (k)
Tagh  E, =4270x2.4 [T/ = 4270 2.4'°/400 =3.175x10° kg / m?

48El 48(3.175x10°)(59557 x10°®
4851 _e(oar5e0) )

e

wla =124505.99kg / m




Sufy  k =124505.99 kg/m

3.) HIMANNHKUA (C)

NNTAUNT Cc=2mwé

Tagii \f (12450599 _ o5 45 rad /s, £=5%=0.05
192.66

TIVITI 2(192.66)(25.42)(0.05) = 489.74 kgf —

smnamanmsinahlves Steady [X ) (t)]
vInaums mx(t)+cx(t)+kx(t)=F(t)
e F(t)=Pg, cos (27if et )

Tasfi P, =0.7kN :%:71.356 kg ,o; =15uaz f, =1.9Hz

wld  F(t)=71.356(0.5)cos(27(1)(1.9)t)
=35.68c0s(11.94t)
fariu 92 1§aums mX (t)+cx(t)+kx(t) =35.68c0s(11.94t)

Dnaumsi (D unui m,c k adluaums oz'1d
192.66% (t)+489.74%(t) +124505.99x (t ) = 35.68 cos (11.94t)
auudli X(t) = Asin(11.94t) + B cos(11.94t )
wla x(t) = Asin(ot)+ Bcos(wt)
X(t) = wAcos(wt)—wBsin(wt)
X(t) = -0’ Asin(ot) - 0’Bcos(at) =~ [ X(t)]

unua x(t), x(t), X’(t)amumiﬁ 2) 2218

192.66[—0)2Asin (wt)-*Bcos(wt)]+ 289.74[ wAcos(awt)—wBsin(awt)]

+124505.99[ Asin (@t )+ B cos(wt )] = 35.68cos (wt)

Al sin(wt) 914

—192.66 Asin (ot ) —489.74wB sin (wt ) +124505.99 Asin (et ) =0
[ ~192.6600" A—489.740B +124505.99A [sin (wt) = 0

Taohi ©=11.94rad /s

1218 [-192.66(11.94)° A—489.74(11.94) B +124505.99A |
—27466.30A—5847.50B +124505.99A =0
97039.69A -5847.50B =0

0

38

(1)

2

(©)
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Al cos(wt) 921

—192.66°B cos( ot ) +489.74wAcos (wt ) +124505.99B cos (wt ) = 35.68cos (wt)
[—192.66a)28 + 489.74a)A+124505.998] cos(wt) =35.68c0s(wt)

Tasii  o=11.94rad /s

wld —192.66(11.94)2 B+489.74(ll.94)A+124505.99B =35.68

—27466.30B +5847.50A +124505.99B = 35.68
5847.50A+97039.69B =35.68 4)

1aunN1sN 3) wag (4) VIAuIurIa 4, B 1ag7s Matrix

9
[ Y

Wuezld  A=2.2076x10"°
B =3.6635x10"*
v X(t) Taeh o=11.94rad /s

w14 %(t)=-a*[ x(t)]=-(11.94)" [ x(t) ]

¥en x(t)1nauns

X(t)= Asin(awt)+Bcos(wt) 5
unuA1 A, B asaumsla
X, (t)=(2.2076x10"°)sin (11.94t) +(3.6635x 10" ) cos (11.94t) (6)
msfIaauns i 1Uved Transient [%,(1)]
1 [xh (t)} 90
mX (t)+cx(t)+kx(t)=0 (7)

Dnaumsi (7) unud asluauns 9318

192.66%(t) +489.74X (1) +124505.99x(t) = 0 ®)
115192.66 aaoaduns 1 la

X(t)+2.54%(t)+646.25x(t)=0 (9)
fmuald x(t)=D
w18 D?+254D+646.25=0 (10)
¥ewnmsi (10) s D Tau3T Matrix

wld D, =-1.27+25.3897i
D, = -1.27 - 25.3897i

FagUuuuaunsvesat Diflu a+bi dufuazId a=-1.27 uaz b = 25.3897

NNAUNS X, = Ae™™ cos(bt)+ Be™ sin(bt) (11)
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unuA a,basaumsn (1) a2ld
X, = Ae ™" cos(25.3897t) + Be*"" sin(25.3897t) (12)
msfnmaums x(t)
NINAUMST x(t)=x, (t)+x,(t) (13)
unuauns (6) ez (12) aserumsi (13) 1218
x(t) = Ae™*" cos(25.3897t)+Be™*" sin (25.3897t)

+(2.2076x10°° )sin (11.94t) +(3.6635x 10" ) cos (11.94t) (14)
Initial Displacement mﬂﬁllmi‘ﬁ (14)
vualy
ad 5 wL' 4
nIaIn 1 x(0)=—— Tagh w =350x 1.2 =420kg/m, L =88m
384 EI
4
((0)= =5 400.8x8.8 _0.0173m
384 (3.175x10°)(59557x10°)
ad PL® 4
nsaif 2 x(0)= Tagn P =71.356kg, L =8.8m
48El
3
X(O) 71.356x8.8 — 0.0005m

B 48(3.175x10°)(59557x10°°)
=Y x(0)=0.0173+0.0005 = 0.0178m
118 x(0)=Ae cos(0)+Be *sin(0)+(2.2076x10°° )sin (0)
+(3.6635x10*) cos(0)

0.0178= A+ (3.6635><10’4)
S A=0.0174
NANAITN (14) MPTH X(t)

X(t) = Ae™*"[~sin (25.3897t)(25.3897)] + cos(25.3897t) [ (~1.27) Ae **™ |
+Be**"" [ cos(25.3897t)(25.3897) | +sin (25.3897t)| (~1.27) Be " |
+(2.2076x10°° )[cos (1194t ) (11.94)] +(3.6635x 10~ ) [—sin (11.94t)(11.94)]
%(t) =—25.3897 Ae*" sin(25.3897t) —1.27 Ae*"" cos( 25.3897t)
+25.3897Be**" cos(25.3897t)—-1.27Be™*" sin (25.3897t)
+(2.6359x10™ ) cos(11.94t) —(4.3742x10°°)sin (11.94t) (15)
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Initial Displacement mﬂﬁllﬂﬁ‘ﬁ (15)
Mvualy X(t)=0
121d  %(0)=-25.3897Aesin(0)—1.27Ae™ cos(0) + 25.3897Be ™" cos(0)
~1.27Be *sin(0)+(2.6359x10™*)cos (0) - (4.3742x10°* )sin (0)
X(0)=—1.27A+25.3897B +(2.6359x10™*)
unu A=0.0174 19
0=—1.27A+25.3897B +(2.6359x10*)

0=-0.0221+ 25.3897B+(2.6359x10’4)
B = 0.0008
unuA1 A=0.0174 ,B =0.0008 aaluaumsh (14) azla

X(t)=0.0174e™*" cos(25.3897t)+0.0008e " sin (25.3897t )
+(2.2076x10°° )sin (11.94t) +(3.6635x 10" ) cos (11.94t) (16)
maAnamaums | X(t) Juag [X(t)]
Leanmm| X(t)] INANNIT (16)
X(t) =0.0174¢ *"*[ —sin (25.3897t)(25.3897) |
+¢0s(25.3897t)[(0.0174)e™*" (-1.27)]
+0.0008e " cos(25.3897t)(25.3897) | +sin (25.3897t)[ (0.0008)e " (-1.27)
+(2.2076x10°° )[cos (11.94t ) (11.94)] +(3.6635x 10" ) [—sin (11.94t)(11.94)]
%(t) =—0.4418e™+*" sin(25.3897t) - 0.0221e™*" cos (25.3897t)
+0.0218e **"" cos(25.3897t) — (1.0922 x107° ) e %" sin(25.3897t)
+(2.6359x10™ ) cos (11.94t) —(4.3742x10°°)sin (11.94t)
X(t)=—(3x10"*)e**" cos(25.3897t) - 0.4429 " sin (25.3897t )
+(2.6359x10™ ) cos (11.94t) —(4.3742x10°°)sin (11.94t) (17)
2. fmaan X(t) Mnaunsii 17)
K(t)=—(3x10*)e**" [ —sin(25.3897t)(25.3897) |
+003(25.3897t) —(3x10)e M (-1.27) |
~0.4429¢ 7" [ cos(25.3897t)(25.3897 ) | +sin (25.3897t) | -0.4429¢ " (~1.27)
+(2.6359x10™*)[~sin (11.94t)(11.94)] - (4.3742x10* ) cos (11.94t ) (11.94)
%(t)=0.5701e"+*" sin (25.3897t ) —11.2447e*" cos (25.3897t)



—(3.1473x107)sin (11.94t) - 0.0522 cos (11.94t)
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TOPPING .
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— %mm 0.1OTn" m

9.00 m

o
NH‘HE]ﬁﬂ’HNE]TJ 9 1HAT

{ ] g a a 4
qij‘]J‘ﬁ 4.2 ﬂ’ﬂllEJTJLLﬁ3ﬂ31ﬂﬁu1ﬂl@ﬂllﬂuﬁuﬁnﬂﬂﬁ]ﬂiiﬂﬂ?il@%}uuﬂiiﬂﬂﬂl@ﬂﬂwﬂEJ

mﬁﬁmammdmmméaﬂ ANUUYS uazmmﬁﬂaa
W, c.roppme = 350 kg /m?=334x1.2 x% =1890kg

1) manuRes (m)

W _18%_19266kg/ ™
g 981 S

2.) mmanuuds (k)
Taoii  E, =4270x 24" [f/ = 4270x 2.4°\/400 = 3.175x10° kg / m?
48EI  48(3.175x10°)(59557x10°)

w1d : 8 =124505.99kg / m
L 9

fufu k =124505.99 kg/m

3.) HIMANNHUA (C)

NNTAUNT Cc=2mwé

Taoli o= \f /124505 9 _ 2542rad /s, £=5%=0.05
192.66

wﬂi}’u 192 66 25 42 0 05) 489.74 kgf —

smnamanmsinahlves Steady [X ) (t)]
nnauns mK(t)+cx(t)+kx(t)=F(t))
e F(t)=Pg, c0s (277if et )

Taefi P, =0.7kN :% =71.356kg ,a; =1.5uaz f, =2.375Hz

wwld  F(t)=71.356(1.5)cos(27(1)(2.375)t)

42

(18)

05m
20m
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=107.034cos(14.92t)
dnfuazl&auns  mE(t)+ox(t)+kx(t)=107.034cos(14.92t) (1)
naumsi () unui m, ¢, k adlugums o218
192,665 () +489.74% (t) +124505.99x (t) = 107.034 cos (14.92t) @

AuNAld X(t) = Asin(14.92t)+ Bcos(14.92t)
wla x(t) = Asin(aot)+ Bcos(wt)

X(t) = wAcos(wt)—wBsin(wt)

X(t) = -0’ Asin(ot) - 0’Bcos(at) =~ [ X(t)]
unuat X(t), X(t), X(t)amumiﬁ @ wla
192.66[—0)2Asin(a)t)—a)ZBcos(a)t)]+289.74[ wAcos(awt)—wBsin(awt)]
+124505.99[ Asin (@t )+ B cos(wt )] = 35.68cos (wt)
Al sin (ot ) o218
~192.66 Asin (wt)—489.74wBsin (wt) +124505.99Asin (wt) =0
[ ~192.6600" A—489.740B +124505.99A [sin (wt) = 0
ool ©=14.92rad /s

w218 [-192.66(14.92)° A-489.74(14.92) B +124505.99A
~42887.35A - 7306.92B +124505.99A =0
81618.64A—7307.37B =0 3)

fnft cos(at) 2214
~192.660°B cos(wt)+489.74wAcos (wt ) +124505.99B cos(wt) =107.034 cos (wt)
[ ~192.6600°B + 489.74A+124505.99B |cos ot ) =107.034 cos (ot )

Taohi ©=14.92rad /s

1218 ~192.66(14.92)° B+489.74(14.92) A+124505.99B =107.034
—42887.35B + 7306.92 A+124505.99B = 35.68
7306.92A+81618.64B =107.034 @)
vhaunsi (3) uaz (4) s A, B 1ag3% Matrix
dufuerld A=1.1648x10"
B =1.3010x10"°
m X(t)Tﬂﬂ‘ﬁ

w14 %(t)=-a*[ x(t)]=-(14.92)" [ x(t) ]

0
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Wi X(t)nnauns
X(t) = Asin(wt)+ Bcos(at) (5)
unuA1 A, B asaumsla
X, (t)=(1.1648x10"*)sin (14.92t) +(1.3010x10"* ) cos (14.92t ) ©)
msfIaauns i 11ved Transient [Xh (t)]

X, (t)9n

mK(t)+cx(t)+kx(t)=0 (7)
Dnaunsi () unua m,c,k adluaums 11d

192,66 (t)-+ 489.74% (t) +124505.99x () = 0 ®)
W15 192.66 AnoAdu1s 12 18

X(t)+2.54%(t)+646.25x(t) =0 ©)
fmuald X(t)=D
w18 D?+254D+646.25=0 (10)

o = ° ' ax .
UIFUNITN (10) VIATUIUNIAN D Tﬂfl’l‘ﬁ Matrix

wld D, =-1.27+25.3897i

D, = -1.27 - 25.3897i
FagUuuuaunsvesal D il a+bi dufuazId a=-1.27 10z b= 25.3897
NNAUNS X, = Ae™™ cos(bt)+ Be™ sin(bt) (11)
unuA a,basaumsn (1) ald

X, = Ae """ cos(25.3897t) + Be*"" sin(25.3897t) (12)

msfInmaums x(t)
VINAUNS x(t)=x, (t)+x,(t) (13)
unuerms i (6) uag (12) asaumsd (13) 118

X(t) = Ae™*" cos(25.3897t)+Be™*" sin(25.3897t)

+(1.1648x10™*)sin (14.92t) +(1.3010x10"* ) cos (14.92t) (14)
Initial Displacement mﬂﬁllmi‘ﬁ (14)
vuali
ad 5 wL* K
NN 1 x(0)=—— Tagn w=350x1.2 =420kg/m, L =8.8m
384 EI
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) 400.8x8.8*

X(0)= =0.0173m
(0) 384X(3.175><109)(59557><10’8)
ad PL® 4
NIaIN 2 x(0)= Tagh P =71.356kg, L =88m
48E|

(0)- 71.356x8.8°
48(3.175><109)(59557><10*8)

- 3%(0)=0.0173+0.0005 = 0.0178m
w218 x(0)=Ae?cos(0)+ Be’osin(O)+(2.2076x10’5)sin(0)
+(3.6635x10* ) cos(0)

0.0178 = A+(1.301ox10*3)
..A=0.0165
NANAITN (14) MTH X(t)

%(t) = Ae ™" [sin(25.3897t)(25.3897)] + cos(25.3897t)[(-1.27) Ae "]
+Be**"" [ cos(25.3897t)(25.3897) | +sin (25.3897t)| (~1.27) Be " |
+(1.1648x10™*)[cos (14.92t) (14.92)] +(1.3010x10°° )[-sin (14.92t) (14.92)]

X (t)=-25.3897 Ae ™" sin(25.3897t) —1.27 Ae ™" cos (25.3897t)
+25.3897Be**" cos(25.3897t)—-1.27Be™*" sin (25.3897t)
+(1.7379x10°* ) cos (14.92t) - 0.0194sin (14.92t ) (15)

=0.0005m

Initial Displacement ﬁnﬂﬁllﬂﬁ‘ﬁ (15)
Mviuald X(t)=0
121d  %(0)=-25.3897Aesin(0)—1.27Ae™ cos(0) + 25.3897Be " cos(0)
~1.27Be sin(0)+(1.7379x10° )cos(0) - 0.0194sin (0)
X(0)=—1.27A+25.3897B +(1.7379x10°)
unu A=0.0165 14
0=-1.27(0.0165)+25.3897B +(1.7379x10°°)

0= —0.0210+25.3897B+(1.7379x10’3)
~.B=0.0008
unuA1 A=0.0165,B = 0.0008 aaluaumsh (14) az'la

x(t)=0.0165e*" cos(25.3897t)-+0.0008e *" sin (25.3897t)
+(1.1648x10™)sin (14.92t) +(1.3010x10"* ) cos (14.92t) (16)
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MIMUINHIANMS [x(t)] way [x(t)]

1AM [x(t)} DINauMs i (16)

X(t) =0.0165e %" [ —sin (25.38971)(25.3897) |
+¢0s(25.3897)[ (0.0165)e ™" (-1.27) |
+0.0008e " [ cos(25.3897t)(25.3897) |
+sin (25.3897t)[ (0.0008)e ™" (-1.27) |
+(1.1648x10"* ) [cos (14.92t) (14.92)]
+(1.3010x10°° ) [-sin (14.92t) (14.92)]

X(t) =-0.4189 %" sin (25.3897t) - 0.021e **"* cos(25.3897t)
+0.0192¢ " c0s(25.3897t) - (9.6124x10™* ) **"* siin (25.3897t)
+(1.7379x10"* ) cos (14.92t) - 0.0194sin (14.92t

X(t)=—(1.8x10"°)e " cos(25.3897t) - 0.4199¢ **'* sin (25.3897t)
+(1.7379x10°* ) cos (11.94t) - 0.0194sin (14.92t ) (17)

2. MU [x(t)] InauMsi (17)

X(t)=—(1.8x10"°)e **"* [ —sin (25.38971)(25.3897) |
+003(25.3897t)| ~(1.8x107)e ™" (-1.27) |
—0.4199e ™" [ c0s(25.3897t)(25.3897) |
+sin (25.3897t)[ ~0.4199*"* (-1.27) |
+(1.7379x10°° ) [-sin (14.92t) (14.92)]
—0.0194cos(14.92t)(14.92)

%(t)=0.5790e™*" sin(25.3897t)—10.6588e*"* cos(25.3897t)
~0.02595sin (14.92t) - 0.2894 cos (14.92t) (18)
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4.2 "3gﬂs1zﬁwamsﬁmamuviuﬁué’mﬁmmmnwqﬁmmnmﬁummuqyé
nnmssnnang ldaumavessze: Tnaive s [x(t)] ANMIVBIANNIEZI

Tumsduaziouvoausuinyg [X(t)] tazauMIUeANNE Al du Az fiouve R

[X(t)] nnthaumsiidldwieansmanuduiuisanansunainlaon lunZeush

v
ﬂ1i’3lﬂ51$ﬁ’waﬂﬁﬁ1u’3m ﬁJﬂj

a d Y v A
4.2.1 amiwﬁnﬁmlmntmmimeaﬁzaﬂmmmamwuwu

4.2.1.1 NANNENIVDIHUNY 8 (HAT

T W ] dy o 3 v o J
MINeuMIvedszes Insdrveauruin [x(t)] aunsarhumdeanslanuduiug

=1

Y 1 1
szoz Inedrvoaurununulsnlasu Tdawnar ldaesin 4.3

U

x(t) =0.0216e " cos(22.7198t)-+0.0010e+***" sin (22.7198t)
+(4.1968x10°° )sin (11.94t) +(5.7930x 10" ) cos (11.94t)

anlanuduusszazInssvesurununulslaslamana

0.025

0.02

0.015

0.01

0.005

x(t) ,m

-0.005

-0.01

-0.015

t,sec

H k4 1 1
1 4.3 nsmlanuduiusszes Tnadveauruiiue 8 wasiudsnfaen Tdamna
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a J v o T W ] dy A a
ﬂ?ﬂWafﬂi')mi?%ﬁﬂi?ﬂﬂ’ﬂﬂﬁﬂwu‘ﬁigﬂ%Tﬂ\W]'JEU@QLLNUWuﬂllﬂilﬂﬁﬂuulﬂ@nllnfﬂ

= ' ) A A oA . A a ad 2 a ad
ﬂﬁgﬂ‘ﬂ 4.3 W‘]J'J’]ﬂ’]iﬁuag!ﬂ@u%%?ﬁﬁﬂ’]?g]’lﬂﬂﬁlﬂ (Transient) (SUAINIUINN 0 IUDIIUINN

T W o =)

0 U528z TNIAIgIgA 0.0152 AT HAZMITUAZINBUNYINETN1IZAIN (Steady State) (TUIN

V)
ee

Furiin 5.1 dudu'lyl Hszez Tnsdagaga 0.0006 s

9
[ -

a Y 1 dy d‘ = 1 % d‘Q'
muummmﬁ;ﬂNaﬂ153miwzwﬂlmnmuwuwmman 8 a9 UszazIneaanisu

{ < {Aa { I
wWanzaanlumsduazmouniuinn 5.1 @udu'll

4.2.1.2 NANNLIVDIWHUNY 9 1NAT
[ Y] [ dy o I~ [ v J
MINeuMIvedszes Insdveaurniu [X(t)] annsoiwmasansianuduiug

Y v v 1
szoz Inedrveaurununulsnlasu Tdawnar ldaesin 4.4

U

X(t)=0.0174e™*" cos(25.3897t)+0.0008e " sin (25.3897t
+(2.2076x10°° )sin (11.94t) +(3.6635x 10" ) cos (11.94t)

asmlanuduiusszezTnadvaansununulswasuldmanan

0.02
0.015
0.01
0.005
g
SR
»

-0.005

-0.01

-0.015

t,sec

H k4 1 1
1 4.4 nsmlanuduiusszes Tnafveauruiiue 9 wasiudsnfaen Tdamna
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a J v o T W ] dy A a
%1ﬂWﬁﬂ153Lﬂ51$ﬁﬂ51wﬂ31ﬂﬁﬂwu‘ﬁ§$EJ%Iﬂ\W]'J51]@\1LLNL!Wuﬂtlﬂilﬂﬁﬂu]lﬂG]TNL’JﬁT
o = ' J A A oA . 2 a ad =
ﬂﬁgﬂ‘ﬂ 4.4 W°L|'Nﬂ152’{1!?{3&‘1/]@1!‘1/]%'3\1?{51133]131?1\1‘1/] (Transient State) (3N INIUINN 0 IUD
a aa = ' o o =) A A
IUINN 4.8 Nigﬂgiﬂﬁﬁﬂq\iﬁ;ﬂ 0.0178 AT LAZNITTUTLINDUNYIITN1ILAIN (Steady State)

A a A IS Y = 1 o
59N 4.9 Hudulyl Tszez Tnsdargagn 0.0004 was

9
[ Y

a Y ] ay A = P o o ad 9
muummma;ﬂwaﬂﬁamﬁzﬂﬂlmumuwuwmmfm 914N T N3zoz INaAINGE U

4 o a da ad @
annzasnlumsduazmounIunn 4.9 Wudau 'l

4.2.1.3 NANNLNIVIHNUNY 10 14AS
[ @ 1 dy o I~ [ v J
MIneuMsvedszes Insdveauruiu [ X (t)] aunsoiwmasansanuduiug

Y 1 1 1
szoz Inedrveaurununulslasu ldawnar ldaesin 4.5

u

x(t) =0.0268e """ cos(20.5655t )+0.0013e ™" sin (20.5655t )
+(5.1343x10°° )sin (11.94t ) + (5.8775x10"* ) cos (11.94t

asmlanuduiusszezInamveanrununndsulasuldmuna

0.03

0.025

0.02

0.015

0.01 -

0.005

0 A.AWW%—\
WV\!V 3 4 5 6 7 8 9

x(t) ,m

-0.005

-0.01
-0.015

-0.02

t ,sec

H k4 1 1
1 4.5 nsmlanuduiusszes Tnadveauruiiuen 10 washulsalaou lawna
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a J v o T W ] 49‘ A =
%1ﬂWﬁﬂ153Lﬂ51$ﬁﬂ51wﬂ31ﬂﬁﬂwu‘ﬁ§$EJ%Iﬂ\W]'J51]@\1LLN‘L!Wu%tlﬂilﬂﬁﬂu]lﬂGHNDﬁT
o = ' J A A oA . 2 a ad =
?Ng‘]J‘VI 4.5 W°]_|'JTﬂ15ﬁuﬁ5m@uﬂﬂf’)ﬁﬁﬂ13%1ﬂﬂﬂﬂ (Transient State) t3NIINIUINN 0 IUD
a Aaa = " o o =) A A
IUINN 5.0 Ni%ﬂgiﬂ\i@aniq@] 0.0274 14917 LAZNMITUTLINDUNYIITN1ILAIN (Steady State)

A a A IS 9 = 1w
S 5.1 Juduly Tszez Tnsdirgage 0.0007 was

9
[

a FA 1 dy d‘ = 1 % d‘Q'
muummmﬁgﬂwamiamswﬂmmwuwuwmmm 10 tuAg Uszaz Ineaanisu

{ < {Aa § I
WanzaanlumsduazmounIuinn 5.1 @udu'll

4.2.1.4 NANNLIVDIWHUNY 11 14A5
[ [l ay o 3 [ v J
Mnaunsvedszes Insdrvearuin [ X (t)] aunsoiwmasansanuduiug

Y 1 1 1
szoz Inedrvoaurununulsnlasu ldawnar ldassin 4.6

U

X(t) =0.0241e™* cos(21.800t)+0.0012e** sin (21.800t)
+(3.2010x10°°)sin (11.94t) +(4.1007x10™* ) cos (11.94t)

anlanuduiusszezInadveasununndsulasuldmunan

0.0300
0.0250

0.0200

0.0150 +}
0.0100 -

0.0050

0.0000 ANA AAA

-0.0050 v_v_v V vé - 4 6 8 10
-0.0100 v

-0.0150

x(t) ,m

-0.0200

t,sec

H k4 1 1
1 4.6 nsmlanuduiusszes Tnadveauruiiue 11 washulsalaou lawna
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a J v o T W ] dy A a
%1ﬂWﬁﬂ153Lﬂ51$ﬁﬂ51wﬂ31ﬂﬁﬂwu‘ﬁ§$EJ%Iﬂ\W]'J51]@\1LLNL!Wuﬂtlﬂilﬂﬁﬂu]lﬂ@nllniﬂ
o = ' J A A oA . 2 a ad =
ﬂﬁgﬂ‘ﬂ 4.6 W°L|'Nﬂ15@’{1!?{3&‘1/]@1!‘1/]%'3\1?{51133131?1\1‘1/] (Transient State) (3N INIUINN 0 IUD
a aa = ' o o =) A A
IUINN 5.8 lligﬂgiﬂ\i@ﬂq\iﬁ;ﬂ 0.0245 14913 HAZNTTUTLINDUNYIITN1ILAIN (Steady State)

A a A IS Y = 1 o
59 5.9 Hudulyl Tszez Tnsdargagn 0.0004 was

[

g’/ a Y 1 dy d‘ =S 1 Y d‘a‘
muummsaa;ﬂNaﬂ153miwzw‘”lmmwuwuwmman 11 11935 U520z INaaInGu

{ <O {a $ 3
wWranmzaanlumsduazmouniuing 5.9 dudu'll

4.2.1.5 NANNLIVIWHUNY 12 1405
LY 1 dy o I~ [ v J
Mnaunsvedszes Insdrvearuin [X ()] ansmhumaeanslanuduiug

5y EJQ,TﬂmWemwuwumﬂnﬂaﬂu"lﬂmzunm"l 193 i 4.7

X(t) =0.0340e** cos(18.319t)+0.0016e ' sin (18.319t)
+(7.2667x10°° )sin (11.94t) +(6.4321x10™* ) cos (11.94t)

anlanuduiusszezInadveasununnlsulasuldmunan
0.04

0.03

3 S

6 8 10

——

-0.01

-0.02 ¥

-0.03

t,sec

H k4 1 1
51 4.7 nsmlanuduiusszes Tnafvearuiiue 12 washulsalaou lawna
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a J v o T W ] dy A a
%1ﬂWﬁﬂ1§'Jlﬂ51$‘ﬁﬂ51‘1/‘lﬂ'311lﬁllwu‘ﬁi$Elgiﬂ\W]'J5Uf’]\1LLNL!Wuﬂtlﬂilﬂﬁﬂu]lﬂ@nllniﬂ
o = ' J A A oA . 2 a ad =
ﬂﬁgﬂ‘ﬂ 4.7 W°L|'Nﬂ15@’{1!?{3&‘1/]@1!‘1/]%'3\1?{51133131?1\1‘1/] (Transient State) (3N INIUINN 0 IUD
a aa = ' o o =) A A
IUINN 7.4 lligﬂgiﬂ\i@ﬂq\iﬁ;ﬂ 0.0346 14T LATNITTUTLINDUNYIITN1ILAIN (Steady State)

A a A IS Y = 1 o
S 7.5 Wuduly Gszes Tnsdargagn 0.0007 was

9
[ Y

a 9 1 43‘ d' = 1 (% d' A
ﬂﬁuu?ﬂllﬁﬂﬁ?ﬂNﬁﬂﬁ’JLﬂin‘Vﬂﬂ’NLLNHWH%ﬂ’NNEJTJ 12 1935 N3zez InaaInEu

{ ) {a { I
wanzaanlumsduazmouniunn 7.5 wudu 'l

4.2.1.6 NANNLIVOIHUNY 13 1NAS
[ Y] [ dy o I~ [ v J
MIneuMIvedszes Insdveaurniu [X(t)] aunsoiwmasansianuduiug

Y v v 1
szoz Inedrvoaurununulsnlasu Tdawnar ldassin 4.8

U

X(t) =0.0311e™*" cos(19.189t)+0.0015¢ *** sin (19.189t)
+(4.2779%10°° )sin (11.94t) +(4.2251x10™* ) cos (11.94t)

asmlanuduiusszezlnsveaurununulsasulaamnan

0.04

0.03

-0.01

-0.02 -

-0.03

t ,sec

H k4 1 1
1 4.8 nsmlanuduiusszes Tnadveauruiiue 13 washudsalaou lawna
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a J v o T W ] dy A a
%1ﬂWﬁﬂ153Lﬂ51$ﬁﬂ517‘lﬂ’31ﬂﬁﬂwu‘ﬁ§$EJ%Iﬂ\W]'J51]@\1LLNL!Wuﬂtlﬂilﬂﬁﬂu"lﬂG]TNL’JﬁT
o = ' J A A oA . 2 a ad =
ﬂﬁgﬂ‘ﬂ 4.8 W°L|'Nﬂ15@’{1!2’{3&1/]@1!1/]%'3\121511'33131?1\11/] (Transient State) (3N INIUINN 0 IUD
a aa = ' o o =) A A
IUINN 7.1 NigﬂgiﬂQWQQQq@ 0.0315 AT LAZNTTUTLINDUNYIITN1ILAIN (Steady State)

A a A IS Y = 1 o
Fuan i 7.2 Judulyl Gszez Tnsdargagn 0.0005 was

9
[ Y

a Y 1 dy d‘ =S 1 % d‘Q'
muummmﬁ;ﬂNaﬂ153miwzwﬂlmnmuwuwmman 13 Was Nszez 1NNy

{ o {a 4 3
wWranmzaanlumsduazmouniunng 7.2 dudu'll
a d I~ e'/ A v &'
4.2.2 JanzdinnanannmsvesnauslumsFuazimouus HUNY

4.2.2.1 NANNLIVIWHUNY 8 1NAT
I~ < A . o <
nnaumsvesnnuE lumsduaziien[X(t)] awnsarhumdeans

o 4 3 < A ] dy A a Y o A
‘ﬂ'ﬂllﬁllW‘Ll‘ﬁ‘ﬂ'ﬂllli'Jﬂl'l!ﬂ15ﬁ‘l!ﬁZL‘VI’t’)‘Ll"U’(’)\HLNHWuﬂllﬂilﬂaﬂuqﬂQTNL'JaThlﬂ 93N 4.9

U

X(t)=—(5x10"*)e +* cos(22.7198t) - 0.4919¢ **** sin (22.7198)
+(5.0110x10™* ) cos(11.94t) - (6.9168x 10" )sin (11.94t)

v oo < ) A - =
fmﬂmm’smwuﬁmmﬁﬂumiauazmaummuwuwumnﬂiaﬂasm"!ﬂmunm

0.5
0.4
0.3 4
0.2 -
0.1

AWW—\
° wuv? 3 4 5 6 7 8 9

V(t) ,m/s

-0.1
-0.2
-0.3
-0.4

t,sec

=1 [~ ) A [ dy = =
317 4.9 namlanuEr lums duazionvewmu e 8 wasiudsnlasu Tawnan
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a ¢ v o < 3 A v & 4
NNHAMIBATIZHN A NNFNRUTANE lumsduazmeuvouN i
wilsulaeu l)awnanaagdn 4.9 nunmsduazieuisnan1iz linai (Transient State) i3

a aa =R a aa = < o A A =
1NN 0 IUDINNT 5.4 BanuEr Tumsdueazinougaga 0.3814 wasaeI Wi Lazns
& A A A A a A I = 3
FuaziNoun¥19an1ILAIN (Steady State) (511 IUINAN 5.5 Wudu'l TanuElums

duaziongaga 0.0069 ATABIUIT

9
[ Y

Aa P ] dy A = 3 ad Y
muummiaﬁ‘gﬂNam'i3mﬁxﬁq’lmmwuwuﬂmmﬂn 8 IUAT UANNLIINLTULUN

A o A Aa ~ 3 Y
annMzaanlumsduaziiounIuin 5.5 @udu'll

4.2.2.2 NANNLIVDIWHUNY 9 1NAT
I~ <O A . o <
MnaumsvesnnuE lumsduaziien[X(t)] aunsoiwmaeansiu

o 4 3 < A ] &y A a Y o A
ﬂ'ﬂllﬁllW‘Ll‘ﬁﬂ'ﬂllli'3111ﬂ15ﬁ‘Llﬁgl‘ﬂi’)uﬂlf’J\?LLN‘LlWuﬂllﬂilﬂaﬂuqﬂﬁTNDﬁTqﬂ gin 410

U

X(t)=—(3x10"*)e**" cos(25.3897t) - 0.4429¢ " sin (25.3897t )
+(2.6359x10™ ) cos(11.94t) —(4.3742x10°°)sin (11.94t)

o o < o A v A4 =
niwwlmmﬁuwuﬁmmﬁﬂumii:mi:fsmaummuwuwuﬂmlmlaﬂu"lilmunm

0.4
0.3

0.2 -
0.1 ~

V(t) ,m/s
o
=g
-
<
<

-0.1
-0.2
-0.3
-0.4

t ,sec

=1 [~ ) A [ &y ~ =
317 4.10 nywlanuiE lumsduaziouvewnunue 9 wasiudsnlasu Tawnan
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a ¢ v o < 3 A v & 4
NNHAMIBATIZHNTIA NN UTANE lumsduazmeuvouN i
silsulaeu l)awnanaagdi 4.10 wonmsduazouieaan1z 1A (Transient State)
A a Aaa =R a aa = < o A A =
FUINIUINTN 0 9UDINNT 4.9 BanuEr Tumsauaziiougaga 0.3176 wasAeI U Laz
& A A A A a aa I = 3
MIATUALNOUNTIAN1IZAIN (Steady State) 51910 3WAT 5.0 1Wuau 1) Tanusrlums

duazongaga 0.0044 ATABIUNT

9
[ Y

Aa PR ] dy A =\ 3 ad Y
ﬂﬁuuﬁ’]ﬂ’]iﬂﬁ?ﬂWﬁﬂ'li'Jmi']gﬁﬂlﬂ'J']lLNuWHﬂﬂ'J']?JEJ']'J 9 1UAT UANWLIINLTULUN

a

4 o a da ad @
aamzaanlumsduaziounIunn 5.0 dudu'll

4.2.2.3 NANNLNIVDHUNY 10 1HAS
I~ ) A . o < 1% v J
nnaumsvearnuE lumsduaziion [X(t)] aunsoiwwdeansanuduiug

' Y v 1 v
anusa lumsduazimeuvesuruunulslasu lamnar ldaesdn 4.1

U

x(t) = —(6 X 107*)e 193t ¢0s(20.5655t) — 0.5526e 193¢ 5in(20.5655t)

+(6.1304 x 10™%) cos(11.94t) — (7.0177 x 10~3) sin(11.94t)

v w d < M) A A A =
ﬂ‘i]?‘lﬂ'ﬂﬂﬁﬂﬂuﬁﬂ?]ﬂ!i?ﬂluﬂ15'&1‘]«!ﬁ%!‘ﬂi’]'i-!‘lli’N!!N‘HWuﬂ!!ﬂﬁlﬂﬁﬂuﬂﬂﬂ'lﬂnﬁ'l

0.5
0.4
0.3 -
0.2
0.1
0 ; NAnaA NAANAA S —— e,
VvV
-0.1 2 3
-0.2
-0.3
-0.4
-0.5

S
il
(0]
N
[le]
o}

V(t) ,m/s

t,sec

=1 3 ) A [ &y ~ =
31U 4.11 nywlanuEi lumsduaziouvesuruiue 10 wasnulswlaeu lamwnm
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a ¢ v o < 3 A v & 4
NNHAMIBATIZHNTIA NN UTANE lumsduazmeuvouN i
silsulaeu l)awnaaagdi 4.11 wonmsduazouieaan1iz 1A (Transient State)
A a aa =R a aa = < @ A A a
FUINIUINTN 0 9UDIMNNT 5.9 BanuEr TumsauaziNougaga 0.4469 WAsADIUT LAz
& A A A A a aa I = 3
MIAUALNOUNTIAN1IZAIN (Steady State) 51910 3UAT 6.0 1Tuau 1) Tanusrlums

dudzongaga 0.0071uAsA0I U

9
[ Y

Aa PR ] &y A =\ 3 ad Y
ﬂﬁuuﬁ’]ﬂ’]iﬂﬁ?ﬂﬂﬁﬂ'li'Jmi']gﬁﬂlﬂ'J']uWHWHﬂﬂ'JnJEJ']'J 10 49T UANULTINLTULUN

a

4 o a da ad @
aamzaanlumsduaziounIunm 6.0 udu'll

4.2.2.4 NANNLNIVIWHNUNY 11 14AS
I~ ) A . o < 1% v J
vnaumsvear U lumsduaziion [X(t)] aunsoiwwaeansanuduiug

' Y 1 1 v
anu lumsduazieuaesuruiunulsuldeu launar laaesdn 4.12

U

X(t)=—(1x10"*)e™** cos(21.800t) - 0.5267¢ " sin (21.800t)
+(3.8220x10™* ) cos(11.94t) - (4.8962x10°° )sin (11.94t)

v o d < v A v A ~ =
ﬂiTNﬂ'JU»IfJNWHﬁﬂ'«ﬂ&l!i'ﬂﬂﬂ1§i’fﬂﬁ$!ﬂi’)uslli’)\‘l!!NH‘WHﬂ!!ﬂi!ﬂﬂﬂuul‘ljﬂ1ll!?lﬂ1

0.6

0.4

0.2 -

V(t) ,m/s

t ,sec

=1 3 ) A [ &y = =
31U 4.12 nywlanuE lumsduaziouvesuruiue 11 wasnulswlaeu lamwnm
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a ¢ v o < 3 A v & 4
NNHAMIBATIZHNTIA NN UTANE lumsduazmeuvouN i
wilsulaeu l)awnaaagdi 4.12 wonmsdudaziounean1iz 1A (Transient State)
A a aa =R a aa = < @ A A =
FUINIINTN 0 9UDINNT 6.2 BanuEr TumsduaziNougaga 0.3939 wasAeIUN LAz
& A A A A a aa I = 3
MIAUALNOUNTIAN1IZAIN (Steady State) 51910 3WAT 6.3 1Wuau 1) Tanusilums

duazongaga 0.0071uAsA0I U

9
[ Y

Aa PR ] &y A =\ 3 ad Y
muummmﬁgﬂNaﬂﬁamﬁxwﬂlmmwuwuﬂmmEm 11 4919 UANULTINLTULUN

$ ) {a { 3
aamzaanlumsduaziiounIunm 6.3 udu'll

4.2.2.5 NANNLNIVIWHUNY 12 14A5
I~ ) A . o < 1% v J
vnaumsvear U lumsduaziion [X(t)] aunsoiwwaeansanuduiug

' Y 1 1 v
anuE lumsduazieuvesuruiunulsudeu launan ldaesdn 4.13

U

X(t)=—(1.3x10"%)e** cos (18.319t ) - 0.6242¢ °* sin (18.319t)
+(8.6764x10™* ) cos(11.94t) - (7.6799x10°* )sin (11.94t)

v w d < o A v A oA =
fmwmmtmwuﬁmmasﬂun15tmaxmaummnmuwum!ﬂiaﬂaﬂu"lﬂmunm

0.6

0.4

0.2

4 5 6 7 8 9

0 A I\ I.\ AVAvln\v‘vAW—|
Jj VWYY Y,

V(t) ,m/s

t,sec

=1 3 ) A [ &y = =
317 4.13 nywlanuEi lumsduaziouvesuruiue 12 wasnulswlaeu lawnm
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a ¢ v o < 3 A v & 4
NNHAMIBATIZHNTIA NN UTANE lumsduazmeuvouN i
silsulaeu l)awnaaagdi 4.13 wonmsduaziounean1iz 1A (Transient State)
A a aa =R a aa = < @ A A =
FUINIINTN 0 9UDINNT 7.5 BanwErlumsduaziiougaga 0.3939 wasAe I Laz
& A A A A a aa I = <3
MIAUALNOUNTIAN1IZAIN (Steady State) 51910 3WAN 7.6 1Wudu 1) Tanusilums

duazongaga 0.0071uAsA0I U

9
[ Y

Aa Y ] dy A =\ 3 ad Y
@N'L!L!ﬁ"]ll']iﬂﬁ?ﬂNﬁﬂ']i'J!ﬂﬁ']gﬂﬂlﬂ'nuﬂuwuvm'l']ﬂfﬂ'l 12 1A T UANULTINLTULUN

A ) A Aa ~ 3 Y
aamzaanlumsduazsiounivinn 7.6 wudu'll

4.2.2.6 NANNLNIVIWHNUNY 13 1HAS
<3 ) A 1 dy . o <
MnauMsvear N lunsduazienvearuiu[X(t)] awsmhumasans v

o 4 3 < A ] dy A a Y o A
ﬂ'ﬂllﬁllW‘Ll‘ﬁﬂ'ﬂllli'Jﬂl'l!ﬂ15ﬁ‘Llﬁxl‘ﬂi’)uallE’NLLNHWuﬂllﬂilﬂaﬂu]lﬂG]TNL'JaT]lﬂ giUn4.14

U

%(t) =-0.0011e™"*" cos(19.189t) — 0.5982e** sin (19.189t)
+(5.1078x10™* ) cos (11.94t ) - (5.0448x10°° ) sin (11.94t )

v v < ) A A oA =
ﬂswlmmﬁu‘wuﬁmmas‘ﬂun15’smazm’e)wu’emmuwuﬂuﬂi!ﬂnﬂu"lﬂmunn1

0.5
0.4
0.3 -
0.2
0.1

vavvvvv S N—— s — 1
2 3 4 5 6 7 8

-0.1
-0.2
-0.3 -
-0.4

-0.5 ¥
-0.6

V(t) ,m/s

t,sec

2 d v N 4 4
31U 4.14 nywlanuE lumsduaziouvesuruiue 13 wasnulswlaeu lawnm
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a ¢ v o < $ A R s
nnranIAzEn I aNuduiusanuE lums duazieuvowHuN R
ulsnlaenTaunandagiin 4.14 wuhmsduazieuiizreaniz 11 (Transient State)

A a ad 2 a ad = 3 o A T a A
FUINIUTN 0 IUDAUNN 7.5 TanuErlumsduazineugaga 0.5150 wasaeIud

& A A A A a Aa I = 3
HazMITUAINEUNTINAN1IZAIN (Steady State) (59103W1HN 7.6 1Wudule TanwEalu

MyduazNoNgIga 0.0051 WAIADIUIN

9
[ Y

a PR ] &y A =\ 3 ad Y
ﬂﬁuuﬁ’]ll’]iﬂﬁ?ﬂNaﬂ'li'JLﬂi'lgwﬂlﬂ'J']uWUWUﬂﬂ'NﬂJfl']') 13 19T UANULTINLTULUN

4 ¢ a da ad @
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Frannmeiiv usuNOUFIgA HSUDOUG UMY
(L) (Vo) (V)
(m) (kg) (kg)
8 642.79 5233
9 1105.99 6871
10 1242.93 6701
11 1511.77 8110
12 1646.38 8178
13 2146.29 9170
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ﬂﬁuuﬂﬁﬂTiﬁLﬂiTZﬁﬂ\?ﬁ?‘ﬂulﬂ'ﬂ URUAUAIIUYIIAINA 8 LUATHY 13 IUAT INDADITULI
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{ 1 Jd o v ] ] g
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Frannmeiiv Tuuddagega Tuuddadiumu
(L) (Mrnax) (M)
(m) (kg-m) (kg-m)
8 2506.90 10473
9 4866.34 15559
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11 8163.55 22522
12 9713.67 24756
13 13736.27 30169
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=

(Y] v A do Y
4.3.4 32AUANNIUNIUVDIUNUNHNUUBY T.IW!ﬂ
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MINNTIATIZHHANTAUIBVBWHU LT AY BT DUAAIAIYBIAINE AR Y
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%1ﬂﬂ1§ﬂ1u’3mllﬁ$%1ﬂ§ﬂ‘ﬂ 4.24 AUFNANVOIVOUNUNY AIA15190 4-5 TAsIBNITN

oA = o &
mmmmaﬂmﬂgﬂm 4.24 A3
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10 e -
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S — > e
@ e~ /
: . - |
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5 — — Residences o
< 05
3
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T~ for RMS Acceleration .~
s
0.05 | T~ . -~ |
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{ 1 { o 4 0’
317 4.24 anusagagaiuuzi A NNALAINAUIBUBINYYE
dmfumsduaziiewiiosninnanssuvesuyud
(Allen ttag Murray, 1993; 4195511 ISO 2631-2:1989)
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{ 1 { o 4 o o ]
1NgUN 4.24 ANWSIGIgANLULTUNOANNAZAINABVOINYBITINTUNT
) 4 a a 4 a §
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] v v Y
A15197 4-5 mmmmmmmﬁamﬂmiﬁmamuazmﬂgﬂﬁ 4.24 mmmmmanmamwuﬁu

%Nmmmawgu mmgﬁ'amﬁﬂmnmﬁﬁmam mmﬁ'am?{ﬂmngﬂﬁ 4.24
(L) (2, (8 ™)
(m) (%) (%)
8 0.60 0.50
9 0.38 0.50
10 0.67 0.50
11 0.44 0.50
12 0.73 0.50
13 0.46 0.50

v w d { o 4
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a d o .&' o A a a
4.4 ’Jm‘nz‘r‘mam‘mmamuviuwuaummmmnwqﬂﬂ‘s‘mmﬁ!é’fmmi‘mﬂﬁum
d
WYY
o vy T @ ] dy <
vnnsamnpeg ldaunsvesszes Tnsdaveauruiy [x(t)] aumsvesnnui)
Tumsduaziiowvesuruiig [X () uazaumsvesnnusslunsduazifiouvesuruii
[X'(t)]mﬂﬁ’uﬁmumiﬁ"lﬁ'"lﬂwﬁmﬂﬁWmmﬁ’uﬁ’uﬁﬁ’dﬂfinﬁ’unmﬁmaﬂu"lﬂw%”emﬁwmi

v
’JLﬂiRﬁNﬁﬂﬁﬁWﬂ’Jm @Tﬁ‘ﬁ
a d Y v A
4.4.1 mﬂﬁwﬁnsmlmnﬁumﬁmaaﬁzﬂﬂmmmmzmuwu

4.4.1.1 NANNEIVDWHUNY 8 (HAT

Y ] g o <] v o

nInaNMIvesszer Insdvasuitu] x(t) [aunsminmasansivlanudusiug
Y v ]

szoz Insavesrunuiulsnlaou ldamnar1dasg i 4.26

x(t) =0.02e™**" cos(22.7198t)+0.0008e*** sin (22.7198t)
+(2.5231x10™)sin (14.92t) +(2.1921x10"* ) cos (14.32t)

alanuduiusszezInadveasununndsulasuldmunan
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0.015

0.01
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x(t) ,m
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t ,sec

H k4 1 1
510 4.26 nslanuduiufszoz Tnsdavesmuiue 8 washudsalaou lawna
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a J v o T W ] dy A a
%1ﬂWﬁﬂ153Lﬂ51$ﬁﬂ51wﬂ31ﬂﬁﬂwu‘ﬁ§$EJ%Iﬂ\W]'J51]@\1LLNL!Wuﬂtlﬂilﬂﬁﬂu]lﬂ@nllniﬂ
o = ' J A A oA . 2 a ad =
ﬂﬁgﬂ‘ﬂ 4.26 W°]_|'Nﬂ152’{1!213&1/]@1!7]“11'3\1%1511'33]131?1\11/] (Transient State) (31N IUINN 0 IUDI
a aa = " o o =) A A
IUINN 4.4 Nigﬂgiﬂﬁﬁﬂq\iq@ 0.0222 14917 AZNTTUTLINDUNYIITN1ILAIN (Steady State)

A a A IS Y = 1 o
S 4.5 Judulyl Tszez Tnsdargagn 0.0022 was

9
[ Y

a Y 1 dy A = Voo AA 9
muummmﬁ;ﬂNaﬂ153miwzwﬂlmnmuwuwmman 8 LA Hszaz Ine@anisuan

a

2 ¢ w da ad a9
aanzaanlumsduaziounIuig 4.5 dudu'll

4.4.1.2 NANNLIVHUNY 9 1NAT

Y ] ¥ o <] v o
ﬂ1ﬂﬁ3Jﬂ136Uaﬂjgﬂgiﬂﬂﬂjmﬂﬂuwuﬁu [X(t):l s Inaean I NUFUNUF
r}

Y 1 1
szoz Inedrvoaurununulsnlasu Tdawnarldassn 4.27

x(t)=0.0165e*" cos(25.3897t)-+0.0008e*" sin (25.3897t)
+(1.1648x10™*)sin (14.92t) +(1.3010x10"* ) cos (14.92t)

anmlanuduiusszazlnamvaanrunenulsulaswldmanan
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a J v o d T W ] dy = =
‘tnﬂNaﬂ1§3Lﬂ51$ﬂﬂ517‘|ﬂ31ﬂﬁﬂwu‘ﬁi$ﬂ%Tﬂ\W]'Jﬂli’]\1LLNL!Wuﬂllﬂilﬂaﬂu]lﬂﬁﬂJnﬁT
[ A 4 o A A ] A . 2 a A =2
ﬂ\igﬂ‘ﬂ 4.27 wmwmiauﬁzmeuquamaz"lmm (Transient State) (31N IUINN 0 IUD
a A = ' o o =) A A
IUINN 5.3 Ni%ﬂziﬂ\i@’l@:\iq@ 0.0181 AT LALNITTUTLINDUNYIITN1ILAIN (Steady State)

A a A IS 9 = 1 o
S 5.4 udulyl Tszez Tnsdagagn 0.0013 was

Y
v @

a 9 ] dy d' =\ 1T v d' A 9
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3

Y 1 1 1
szoz Inedrvoaurununulslasu Tdawnarldassin 4.28

x(t) =0.025e™** cos (20.5655t )+0.001e™*" sin (20.5655t )
+(3.7011x10™*)sin (14.92t) +(2.4263x10°° ) cos (14.92t

o o ¢ Vo A A =
ﬂiﬁ"l!!ﬁﬂ\iﬂ?]uﬁuwuﬁigﬂgiﬂﬂVI'J"IIEN!!WNWHVI!!ﬂi!ﬂﬁﬂuﬂﬂﬂ]unﬁ'l

t,sec

A v o d Y ] dy A =
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a J v o T W ] dy A a
%1ﬂWﬁﬂ153Lﬂ51$ﬁﬂ51wﬂ31ﬂﬁﬂwu‘ﬁ§$EJ%Iﬂ\W]'J51]@\1LLNL!Wuﬂtlﬂilﬂﬁﬂu]lﬂG]TNL’JﬁT
o = ' J A A oA . 2 a ad =
ﬂﬁgﬂ‘ﬂ 4.28 W‘Umﬂ1iﬁuﬁ$meummmma$"lmm (Transient State) (31N IUINN 0 IUDI
a aa = ' o o =) A A
IUINN 5.3 Nigﬂgiﬂﬁﬁﬂq\iﬁ;ﬂ 0.0274 14917 HAZNTTUTLINDUNYIITN1ILAIN (Steady State)

A a A IS 9 = 1 o
S 5.4 udulyl Tszes Tnsdargagn 0.0025 was

Y v
v v a

a FAL 1 dy d‘ =S 1 % d‘
ﬂ\‘iuuﬁ'ﬁﬂiﬂﬁ?ﬂNaﬂﬁ’Jlﬂ51$ﬁﬂlﬂ’NLLNuWUﬂﬂ’NNfﬂ’J 10 tuAg Nszez 1NN

{ <& {a $ I
Wanzaan lumsduaziounIunn 5.4 dudu'll

4.4.1.4 NANNLNIVIWHUNY 11 1UA5

Y 1 ¥ o <] v o

nnauNIvesszer Insdvesuiu| x(t) [aunsaiunmasansivlanudusiug
Y v ]

szoz Tnsavesrunuiulsnlaou l)amnar 1dasg i 4.29

x(t) =0.0229e™*" cos(21.800t )+0.0010e™***' sin (21.800t)
+(2.0547x10™*)sin (14.92t) +(1.6015x10°° ) cos (14.92t)

o o ¢ Vo A A =
ﬂiﬁ"l!!ﬁﬂﬂﬂ?]uﬂuwuﬁigﬂgiﬂﬂVI'J"IIEN!!WNWHVI!!ﬂi!ﬂﬁﬂuﬂﬂﬂ]unﬁ'l
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a J v o T W ] dy A a
%1ﬂWﬁﬂ153Lﬂ51$ﬁﬂ51wﬂ31ﬂﬁﬂwu‘ﬁ§$EJ%Iﬂ\W]'J51]@\1LLNL!Wuﬂtlﬂilﬂﬁﬂu]lﬂG]TNL’JﬁT
o = ' J A A oA . 2 a ad =
ﬂﬁgﬂ‘ﬂ 4.29 W°]_|'Nﬂ152’{1!213&1/]@1!‘1/]“11')\1?{511')3]131?1\11/] (Transient State) (31N IUINN 0 IUDI
a aa = ' o o =) A A
IUINN 5.3 Nigﬂgiﬂﬁﬁﬂq\iﬁ;ﬂ 0.0245 14913 HAZNTTUTLINDUNYIITN1ILAIN (Steady State)

A a A IS Y = 1 o
S 5.4 Judulyl Tszes Tnsdagagn 0.0016 was

9
[ Y

a Y 1 dy d‘ =S 1 o d' A
muummmﬁgﬂNaﬂ153miwzwﬂlmnmuwuwmman 11 11935 U520z 1NNy

{ <& {Aa § 3
wWanmzaanlumsduazmouniuing 5.4 dludu'll

4.4.1.5 NANNLIVDIWHUNY 12 1405
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ﬁ]’lﬂmei"llaﬂizﬂﬂﬂmwﬂmwuﬁu [X(t):l s ovInaean A NUFUNUF
r}

Y 1 1
szoz Inedrvoaurununulslasu Tdawnar ldaesin 4.30

x(t) =0.0316e* cos(18.319t)+0.0009¢ **' sin (18.319t)
+(7.5670x10™*)sin (14.92t) +(3.1467 x 10" ) cos (14.92t)

v v d % v A A =
niwlammmmauwuﬁszﬂﬂmmmmuwuwumﬂﬁsﬂaﬂu"lﬂﬂmnm

0.04

0.03

0.02
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a J v o T W ] dy A a
%1ﬂWﬁﬂ153Lﬂ51$ﬁﬂ51wﬂ31ﬂﬁﬂwu‘ﬁ§$EJ%Iﬂ\W]'J51]@\1LLNL!Wuﬂtlﬂilﬂﬁﬂu]lﬂ@nllniﬂ
o = ' J A A oA . 2 a ad =
ﬂﬁgﬂ‘ﬂ 4.30 W°L|'Nﬂ15@’{1!?{3&‘1/]@14‘1/]“]5'3\1?{511'33131?1\1‘1/] (Transient State) 131N IUINN 0 IUDI
a aa = ' o o =) A A
IUINN 5.3 Nigﬂgiﬂﬁﬁﬂq\iﬁ;ﬂ 0.0347 14913 HAZNMITUTLINDUNYIITN1ILAIN (Steady State)

A a A IS 9 = 1 o
SN 5.4 Juduly Tszez Tnsdagagn 0.0034 was

9
[ Y

a Y 1 dy d‘ = 1 o d‘a‘
muummmﬁ;ﬂNaﬂ153miwzwﬂlmmwuwuwmman 12 1935 U520z 1NNy

{ o {a § 3
wWranmzaanlumsduazmouniuinn 5.4 dudu'll

4.4.1.6 NANNEIVIIWHUNY 13 14A5

Y 1 ¥ o <] v o
ﬂ1ﬂﬁ3Jﬂ1i"U’tNi$ﬂﬂﬂﬂ@]’3ﬂ|’ﬂmwuﬁu [X(t):l s ovInaean A NUFUNUF
r}

Y 1 1
szoz Inedrvoaurununulslasu ldawnarldassn 4.31

x(t) =0.0296e°*" cos(19.189t)-+0.0012¢*** sin (19.189t)
+(3.7305x10™* )sin (14.92t) + (1.9069x 10°* ) cos (14.92t)

v v d % v A A =
niwluammmauwuﬁszﬂﬂmmsumnmuwumﬂmﬂaau"lﬂmunm
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a J v o T W ] dy A a
%1ﬂWﬁﬂ153Lﬂ51$ﬁﬂ51wﬂ31ﬂﬁﬂwu‘ﬁ§$EJ%Iﬂ\W]'J51]@\1LLNL!Wuﬂtlﬂilﬂﬁﬂu]lﬂ@nllnfm
o = ' J A A oA . 2 a ad =
ﬂﬁgﬂ‘ﬂ 4.31W°]J'Nf‘ﬂiﬁuﬁglﬂﬂuﬂ“ﬁﬁﬂﬁﬂT'JguliJﬂﬁﬂ (Transient State) (13N INIUINN 0 IUD
a aa = ' o o =) A A
IUMNN 5.7 Nigﬂgiﬂﬁﬁﬂq\iﬁ;ﬂ 0.0315 AT HATNMTTUTLINDUNYIITN1ILAIN (Steady State)

A a A I 9 = 1 o
i3I 5.8 Wuduly Tszez Tnsdargagn 0.0020 was

9
[

a Y 1 dy d‘ =S 1 Y d‘a‘
muummsaﬁ;ﬂNaﬂ153miwzwﬂlmmwuwuﬂmmma 13 1uag Nszez 1NNy

{ o {a 4 3
wWranmzaanlumsduazmouniuing 5.8 dudu'll
a d < Q‘J A v &'
4.4.2 IanzrinananannsvesnauslumsFuazinouus HUNY

4.4.2.1 NANNLNIVIIWHUNY 8 1NAT

5 o A A . o <
MnaunsveInuE lumsduaziienveauruiu [X(t)] awsmhumasans v

o 4 3 o A ] dy A a Y o A
ﬂ'ﬂllﬁllW‘Ll‘ﬁﬂ'ﬂllli'Jﬂl'l!ﬂ15ﬁ‘Llﬁxl‘ﬂi’)uallE’NLLNHWuﬂllﬂilﬂaﬂuﬂ,ﬂ?*nﬂnfﬂ]lﬂ 3N 4.32

U

X(t)=—(3.8x10"*)e ™" cos(22.7198t)—0.4553¢ **** sin (22.7198t)
+(3.7645x10°° ) cos (14.92t)—0.0327in (11.94t)

v o d < M) =) v A oA =
niwxlmmﬁuwuﬁmmﬁﬂumii:masmaummuwuwumaﬂﬁgﬂaﬂu‘lﬂmunm

V(t) ,m/s
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a ¢ v o < $ A R s
nnranIAzin I maNuduiusanuE lums duazieuvo NN
ulsulaenTaunandagiin 432 nuhmsduazineunsaan1iz 1iaei (Transient State)
A a ad 2 a ad = 3 o A T a A
FUINIUTN 0 3UDAUNNN 5.6 TanuFrlumsduazineugaga 0.3494 AsaeIud tag
& A A A A A aa I = <3
MITUANOUNTIEAN1IZANTN (Steady State) (T IUHN 5.7 Wludul TanwFalums

duaziongaga 0.0331 wAsAeIUT
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{ < {a $ 3
aanzaanlumsduaziiounIung 5.7 dudu'll

4.4.2.2 NANNLIVBIIWHUNY 9 1NAT
<3 < A 1 dy . o <
MnaunsveInNuE lumsduaziienvearuiu [X(t)] awsmhumasans v

o 4 3 < A ] dy A a Y o A
ﬂ'ﬂllﬁllW‘Ll‘ﬁﬂ'ﬂllli'Jﬂl'l!ﬂ15ﬁ‘Llﬁxl‘ﬂi’)uallE’NLLNHWuﬂllﬂilﬂﬁﬂu]lﬂG]TNL'JﬁT]lﬂ 131U 4.33

U

X(t)=—(1.8x10"°)e " cos(25.3897t) - 0.4199¢ **" sin (25.3897t)
+(1.7379x10° ) cos (11.94t) - 0.0194sin (14.92t )

v o d < v A v A a =
nstmauwuﬁmmssﬂun15i,maxmaummamuwumsﬂisﬂaﬂu"lﬂmm:lm

0.4

V(t) ,m/s

t,sec

=1 [~ ) A [ &y = =
31U 4.33 nywlanuiE lumsduaziouvewnunue 9 wasiudsnlasu lawnan
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a ¢ v o < $ A R s
nnranIAzin I maNuduiusanuE lums duazieuvo NN
ulsulaenTaunandagiin 433 nuhmsduazineunsaan1iz 1iaei (Transient State)
A a ad 2 a ad = 3 o A T a A
FUINIUTN 0 IUDAWNNN 4.3 TanuErlumsduazinougaga 0.2989 nsaaIui tag
& A A A A A aaA I = 3
MITUANOUNTIEAN1IZANTN (Steady State) (3910 IUHN 4.4 Tudull TanwFarlums

dudazongaga 0.0196 ATABIUNT

9
[

Aa Y ] dy A = 3 ad Y
ﬂﬁuuaTNTiﬂﬁEﬂNﬁﬂ15'J!ﬂﬁTgﬁﬂlﬂﬂnl’NUWUﬂﬂ'}WNﬂT} 9 IUAT UANULIINLT UL

a

2 I & v
annzaanlumsduaziounivinm 4.4 dudu'll

4.4.2.3 NANNLIVIIWHUNY 10 14A5
<3 < A 1 dy . o <
MnauMsveInuE lunsduazienvearuiu [X(t)] awsmhumasans

o 4 3 < A ] dy A a Y o A
ﬂ'ﬂllﬁllW‘Ll‘ﬁﬂ'ﬂllli'Jﬂl'l!ﬂ15ﬁ‘Llﬁxl‘ﬂi’)uallE’NLLNHWuﬂllﬂilﬂaﬂuﬂ,ﬂ?*nﬂnfﬂ]lﬂ 3N 4.34

U

X(t)=—(5.6x10"%)e™*** cos(20.5655t)—0.5151e ™ ** sin (20.5655t )
+(5.5220x10"*) cos (14.92t) - 0.0362sin (14.92t

v v d < o A v A a =
nﬂﬂuammmﬁuwuﬁmmﬁﬂumiﬁuazmaummsmuwumuﬂiuﬂaﬂu"lﬂmunm

0.4
0.3 !

0.2 14

0.1 -

0

10 12 14 16

V(t) ,m/s
S
()]
[o0]

-0.2 B

-0.3

-0.4 F

-0.5
t ,sec

4 o o Y 4 4
31U 4.34 nywlanuEi lumsduaziouvesuruiuey 10 wasnulswlaeu lawnm
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a ¢ v o < $ A R s
nnranIAzin I maNuduiusanuE lums duazieuvo NN
ulsulaenTaunandagiin 434 nuhmsduazieuiizreaniiz 11aah (Transient State)

2 a ad 2 a ad = 3 o A T a A
FUINIUTNN 0 IUDAUINN 5.6 TanuErlumsduazineugage 0.4442 wasaeI LT

& A A A A a A I = 3
HazMITUAINEUNTIAN1IZAIN (Steady State) (51910311 5.7 Wudule TanwdaTu

MyAUAzNONFIFA 0.0367 IWATADIUIN

9
[ Y

a Y ] dy A = 3 ad Y
ﬂﬁuuaTNTiﬂﬁEﬂNﬁﬂ15'J!ﬂﬁTgﬁﬂlﬂﬂnl’NUWUﬂﬂ'ﬂNfﬂ'} 10 49T UANNLTINLTULUN

{ < {a $ I
aanzaanlumsduazinouniuinn 5.7 dudu'll

4.4.2.4 NANNLNIVIWHUNY 11 14A5
<3 <O A 1 dy . o <
MnaunsveInuE lumsduaziienvearuiu [X(t)] awsmhumasans

o 4 3 < A ] dy A a Y o A
ﬂ'ﬂllﬁllW‘Ll‘ﬁﬂ'ﬂllli'Jﬂl'l!ﬂ15ﬁ‘Llﬁxl‘ﬂi’)uslli’]QLLNHWuﬂllﬂilﬂﬁﬂu]lﬂG]TNL'JﬁT]lﬂ 13U 4.35

U

%(t) =-0.0032e ™™ cos(21.800t)—0.5003e ™" sin (21.800t )
+(3.0656x10°* ) cos (14.92t) —0.0239sin (14.92t)

v o d < o A v A A =
ﬂﬁ'l‘l’\l!lﬁ'ﬂQﬂ'JnJﬁ'NWHﬁﬂ'J'lNlﬁ'ﬂﬂﬂ'ﬁﬁ'uﬁ'%l‘ﬂﬂusﬂﬂ\?llwuwuﬂ!!ﬂilﬂﬁﬂu‘lﬂﬂ'IN!'JQ'I

0.5

0.4

0.3 -

0.2 - i
0.1 -

V(t) ,m/s

-0.1

0 v"v"v"v-v"\,’\vAvAvﬂvﬁvﬂvﬂvW
2

-0.2 v

-0.3

-0.4

-0.5

t ,sec

=1 <3 ) A [ dy ~ =
3% 4.35 nywlanuE lumsduaziouvesuruiue 11 wasnuswlaeu lamwnm
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a ¢ v o < $ A R s
nnranIAzin I maNuduiusanuE lums duazieuvo NN
ulsulaenlaunandagiin 435 nunmsduazieuiizrean1iz 11aai (Transient State)

2 a ad 2 a ad = 3 o A T a A
FUINIUTNN 0 3UDAUNN 5.2 TanwErlumsduazineugage 03899 wasaeIui

4 A A A A a A 3 Y = <3
Az TUAINEUNTIAN1IZAIN (Steady State) (51910311HN 5.3 Wudule TanwdaTu

MIAUAZNONTIFA 0.0242 1WATADIUIN

v & Aa Y ] dy A = 3 ad Y
ﬂ\‘]””ﬁ”]lﬂiﬂﬁ?ﬂNaﬂWi’J!ﬂinﬁﬂﬂ’nLlWﬂW“ﬂﬂ'J'quJTJ 11 49T UANULITINLT ULV

a

{ & { { 3
annmzaanlumsduaziouniving 5. 30ludu T

4.4.2.5 NANNLIVDIWHUNY 12 14A5
<3 < A 1 dy . o <
MnaunsveInNuE lumsduaziienvearuiu [X(t)] awsmhumasans v

o 4 3 < A ] dy A a Y o A
ﬂ'ﬂllﬁllW‘Ll‘ﬁﬂ'ﬂllli'Jﬂl'l!ﬂ15ﬁ‘Llﬁxl‘ﬂi’)uallE’NLLNHWuﬂllﬂilﬂaﬂuﬂ,ﬂ?*nﬂnfﬂ]lﬂ 13U 4.36

U

%(t) =-0.0119e** cos(18.319t)—0.5797e™"* sin (18.319t)
+0.0113cos(14.92t) - 0.0469sin (14.92t )

v v < ) A A A =
nswluﬁmmmﬁmwuﬁmm!s’ﬂuﬂ15ﬁmaszmmmuwuwumsﬂi!ﬂaﬂu"lﬂmmm1

0.6

0.4

0.2

LU
v U VZV 4 6 8 10 12

V(t) ,m/s

t ,sec

=1 [~ ) A [ &y = =
317 4.36 nywlanuiE lumsduaziouvesuruiue 12 wasnulswlaeu lawnm
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a ¢ v o < $ A R s
nnranIAzin I maNuduiusanuE lums duazieuvo NN
ulsulaenaunandagiin 436 nunmsduazieuiizrean1iz 11 (Transient State)

2 a ad 2 a ad = 3 o A T a A

FUINIUTNN 0 3UDAUNN 5.2 TanuFrlumsduazineugaga 0.5549 asaeIuni tag
& A A A A A A 3 Y = 3

MITUANOUNTIEAN1IZATN (Steady State) (T IUHN 5.3 Wludul Tanwsalums

duazongaga 0.0516 ATABIUNT

9
[

Aa Y 1 dy A = 3 ad Y
ﬂﬁuuaTNTiﬂﬁEﬂNﬁﬂ15'J!ﬂﬁTgﬁﬂlﬂﬂnlNUWUﬂﬂ'}WNﬂT} 12 49T UANULITINLT ULV

{ < {a $ I
aanmzaanlumsduaziiouniuing 5.3 dudu'll

4.4.2.6 NANNLIVIIWHUNY 13 14A5
<3 <O A 1 dy . o <
MnaunsveInuE lumsduaziienvearuiu [X(t)] awsmhumasans

o 4 3 < A ] dy A a Y o A
ﬂ'ﬂllﬁllW‘Ll‘ﬁﬂ'ﬂllli'Jﬂluﬂ15ﬁ‘Llﬁxl‘ﬂi’)uﬂlE’NLLNHWuﬂllﬂilﬂaﬂuﬂ,ﬂ@nﬂnaflﬂ a3Un 4.37

U

%(t) =—0.0054e*** cos(19.189t ) - 0.5692e *** sin (19.189t)
+(5.5659x10"* ) cos (14.92t) —0.0285sin (14.92t)

v o d < o A v A A =
ﬂﬁ'l‘l’\l!lﬁ'ﬂQﬂ?1uﬁuﬂﬂﬁﬂ?13~l!§flﬂﬂ'ﬁﬁ'uﬁ'%l‘ﬂﬂuﬂlﬂ@llwuwuﬂ!!ﬂilﬂﬁﬂuﬂﬂﬂ'IN!'JQ'I

0.5
0.4
0.3 -
0.2
0.1
0 AW‘%M%WWJW%
0.1 | | 2 4 6 8 10 12
-0.2
-0.3
-0.4
-0.5
-0.6

V(t) ,m/s

t ,sec

2 a v N 4 4
317 437 nywlanuEi lumsduaziouvesuruiue 13 wasnulswlaeu lamwnm
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a ¢ v o < d A R s
nnranAIzin I maNuduiusanuE lums duazieuvo NN
ulsulaenTaunandagiin 437 nuhmsduazieuiizreaniiz 11 (Transient State)

A a ad 2 a ad = 3 o A T a A
FUINIUTN 0 IUDAUINN 5.6 TanuErlumsduazieugage 0.5124 wasaeIui

& A A A A a A I = 3
HazMITUAINEUNTIAN1IZAIN (Steady State) (51910311HN 5.7 Wudule TanwdaTu

MyAuAzNoNgIga 0.0311 WAIARIUIN

9
[ Y

a Y ] dy A = 3 ad Y
ﬂﬁuuaTNTiﬂﬁEﬂNﬁﬂ15'J!ﬂﬁTgﬁﬂlﬂﬂnl’NUWUﬂﬂ'}WNﬂT} 13 1URT UANULTINLTULUN

{ < {a § I
aanzaanlumsduazinouniuing 5.7 dudu'll
a d v Q'J A v &'
4.4.3 IanzrinaanaumsveIn sl uMIFUaZ N UV N U

4.4.3.1 NANNLIVDWHUNY 8 1NAT

' o A . o <
{1]']ﬂﬁﬂJﬂ']ﬁélla\‘]ﬂ'J']ﬂJlﬁ\‘lﬁluﬂ'ﬁﬁuﬁglﬁaumaﬂllwuﬁu ':X (t)] ﬁ’]jJ’]iﬂH“JWWﬁ@ﬁﬂiWW

@ @ 4 [ o [ 4 H H I H
anudusiusanuslumsduaziiouvsaruiunulsasu ldaunar Idaasdn 4.38

U

%(t) =0.6031e ™" sin(22.7198t ) —10.34e """ cos (22.7198t)
~0.0562sin(14.92t) - 0.4878cos (14.92t)

o o ' M A v A A =
nﬂﬂmmauwuﬁmm!iﬂumii;mazmawum!muwum!ﬂilﬂafm"lﬂmmm1

t ,sec

=) 1 Q'J A ] &y d' d'
3% 4.38 nywlanusalumsaueazieuveawuiiue 8 wasiulswlaou lamwnm
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a 4 % v J 1 ) [ ¥ H
NNHAMIIATIZHNTIMA NN UTAT  JumMTFuaziio Uy aLEUNLT
silsulaeu l)awnanaagdi 4.38 wunmsdudaziounesan1iz 1A (Transient State)
a = { = J

Q' a { Q'J 1 a 2
FUINIUTN 03UAIUINT 5.5 Tanuselunmsduazifiougaga 10.8278 wasa Ui

< A A A A a aa < £ = '
LaZMIAUASINDUNEINTNIITAIN (Steady State) 13UAINIUINN 5.6 L‘]J‘Llﬁunlﬂ Nﬂ'ﬂllli\?ﬂlu

Q'J 1 a 2
MIAUALNOUFIFA 0.4999 1WATADIUIN

9
[ Y

a 9 ] dy d' = 1 d'Q' 9
ﬂﬂuuﬁﬂﬂiﬂﬁgﬂNﬁﬂﬁ’JLﬂin‘Vﬂﬂ’NLLWHWHﬂﬂ’NNEJTJ 8 LUAT UANMLTINLTNAN

4 ¢ a da ad @
annzasnlumsduazmounIung 5.6 Wuau 'l

4.4.3.2 NANNEIVDIHUNY 9 (HAT

' o & . o <
ﬁ]']ﬂﬁllﬂ'ﬁall@\iﬂ'nuﬁ\?ﬂlu’ﬂ'lifﬂuag!ﬁ@um@\ulﬂuvd‘lu [X(t)} ﬁ’]ll’]iﬂunJWWﬁ@ﬁﬂiWW

@ @ 4 [ o [ 4 H H I H
anudusiusanuslumsduaziouvsaduiuulsasu ldaunar ldaasdn 4.39

U

%(t)=0.5790e™*" sin(25.3897t)—10.6588e*" cos( 25.3897t)
~0.02595sin (14.92t) - 0.2894 cos (14.92t

v o d ' o A v A4 =
ﬂsmlmmauwmmmssﬂumsﬁummammuwuwumaﬂssﬂaau"lﬂmunm

10

-10

-15

t,sec

=) 1 Q'J A ] &y d' d'
37 4.39 nywlanusalumsaueazieuvewmuinue 9 wasiulswlaou lamwnm
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a J v o J J < ] g {
mﬂNammmﬁwmMﬂmuﬁuwuﬁmmﬁﬂumiﬁuﬁmﬁ@ummuwuﬁuﬁ

silsulaeu l)awnaaagdi 4.39 wunmsdudaziouniesan1iz 1A (Transient State)

a

2 a A = aa = 1 o A 1T A a2
ITHAINIUINN 0AUDIIUINN 4.2 3Jmmgiﬂumiﬁumm@uqqqﬂ 10.9482 LUATADIUMN

< A A A A a aa < £ = '
HASMIAUFSINDUNTINANICAIN (Steady State) LTUIINIUINN 4.3 Lﬂumu"lﬂ Hanmselu

Q'J 1 a 2
MIAUALNOUFIFA 0.2942 1WATABIUIN

[

g‘; a 9 ] 43‘ d' = 1 d'Q' 9
muummsaﬁ;ﬂwaﬂ153m51w’"1mumuwuwmmfm 9 1UAT UANULIINLTULUN

4 o a da ad @
annzasnlumsduazmouniung 4.3 Wudu 'l

4.4.3.3 NANNLNIVIWHUNY 10 14AS
] ) ] 4 . o <
famfmﬂﬁéueqmmm“lumsﬁuﬁzaﬁaummuwuﬁu[x () }mmiammwa@mﬂﬁw

mm’cmwuﬁmmm1uﬂ15’cmawm@mromwuwumgﬂnﬂaﬂu"lﬂmmam"l 193 104 4.40

%(t) =0.6457e™* sin (20.5655t ) —10.5875e** cos (20.5655t )
—0.0824sin (14.92t)-0.5401cos (14.92t )

v o ' o A v X4 =
nﬁw\lLmmﬂmuﬁuwuﬁmmﬁﬂunﬁi,mfrzm'emmmuwuwumﬂinﬂaﬂu‘lﬂmumn

AA‘AAAI\I\AAAAI\AAI\I\I\AAAI\

vv7vv VVV'VVVVVVVVVVVVVVVV\
6 8 10

a(t),m/s?
'#i

t,sec

31/ 4.40 s lumsduaziouvewruituen 10 wasinlsudou lamnm



89

a 4 % v J 1 ) [ ¥ H
NNHAMIIATIZHNTIMA NN UTAT  JumMTFuaziio Uy aLEUNLT
silsulaeu l)awnaaagdi 4.40 wunmsduaziouneean 1z 1A (Transient State)
A A

2 a A =2 I = 1 o A 1T A a2
ITHAINIUINN 0AUDIIUINN 5.5 11ﬂ??ﬂliﬂiﬂﬂ?iﬁﬂﬁ%lﬂ@ﬂgﬁ@ﬂ 11.1276 LWATABDIUMN

< A A A A a aa < £ = '
LaZMIAUASINDUNEINTNIITAIN (Steady State) 13UAINIUINN 5.6 L‘]Juﬁunlﬂ llﬂ'Nllli\T‘lu

Q'J 1 a 2
MyAUAZNOUFIFA 0.5600 IWATADIUIN

9
[ Y

a 9 ] 43‘ d' =\ 1 d'Q' 9
muummsaﬁ;ﬂwaﬂ153m51w’"1mumuwuwmmfm 10 AT UANUTINLTULAN

4 ¢ a da ad @
annzasnlumsduazmounIung 5.6 udau 'l

4.4.3.4 NANNLNIVIHNUNY 11 14AS
] & A ' d" . o <
NAANMIVDIANUTI IUMTTUALNOUVD I UNY [x(t)} aunsnuInasansn

o v 7 1 o A ] dy A a Y o A
ﬂ'NllﬁllW‘Ll‘ﬁﬂ'NiJLi\11'Llﬂ15’(71!'(73L‘ﬂi’)‘LlGUE’NLLN‘L!W‘LW]LlﬂilﬂﬁﬂullﬂG]TNL'JﬁT]lﬂ 131U 4.41

u

%(t)=0.6151e"*" sin(21.800t) —10.9030e ™ cos(21.800t)
~0.0457sin (14.92t) - 0.3566 cos (14.92t)

v o ' o A v Ao o
nﬂwuaﬂemmauwuﬁmmﬁe‘lummuﬁsmaumamwuwumzﬂmﬂaau"lﬂmunm

12

-14

t ,sec

=) 1 a'/ A ] dy d' d'
31U 4.41 nywlanusalumsduazmenveauruiue 11 wasiulsnaen ldamma
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a 4 % v J 1 ) [ ¥ H
NNHAMIIATIZHNTIMA NN UTAT  JumMTFuaziio Uy aLEUNLT
silsulaeu l)awnaaagii 4.41 wonmsduaziouieean1iz 1A (Transient State)
A A

2 a A =2 I = 1 o A 1T A a2
ITHAINIUINN 0AUDIIUINN 5.5 11ﬂ??ﬂliﬁiﬂﬂ?iﬁﬂﬁ%&ﬂ@ﬂgﬁgﬂ 11.2569 IUATADIUIN

< A A A A a aa < £ = '
LaZMIAUASINDUNEINTNIITAIN (Steady State) 13UAINIUINN 5.6 L‘]J‘Llﬁunlﬂ Nﬂ'ﬂllli\?ﬂlu

Q'J 1 a 2
Myduaziiougega 0.3595 wWasA UM

9
[ Y

a 9 ] 43‘ d' =\ 1 d'Q' 9
ﬂﬂuuﬁﬂﬂiﬂﬁgﬂNﬁﬂﬁ’JLﬂin‘Vﬂﬂ’NLLNHWH%ﬂ’NNEJTJ 1T AT UANUEITINLTULUN

4 o a da ad @
annzasnlumsduazmounIung 5.6 Wudau 'l

4.4.3.5 NANNLNIVIWHUNY 12 14A5
[ o A ' &y . o <
NNANMITVDIANUTI IUMTTUAZINOUVD I UNY [x(t)} aunsnuInasansn

o v 7 1 o A ] dy A a Y o A
ﬂ'JNJ’CﬂJ‘W‘Ll‘ﬁﬂ’NZJLiQIUﬂ15’(71!?{3L‘ﬂ@‘LlGUE’NLLW‘L!‘W‘LWILlﬂilﬂﬁﬂullﬂﬁnllniﬂllﬂ agUn 4.42

U

%(t)=0.7397e % sin(18.319t) -10.6088e"* cos(18.319t)
—~0.16865in (14.92t) - 0.6997 cos (14.92t)

o o ¢ ' < A v A4 =
n‘mflmmmmmwuﬁmmﬁﬂun15auazmaummuwuwumnﬂinﬂaﬂu"lﬂmunm

-10

-15

t ,sec

=) 1 Q'J A ] &y d' d'
31U 4.42 nywlanusalumsduazmenvsauruiue 12 wasiulsaon ldamna
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a J v o J 1 o T - {
MNHaMIIATIEEnTaNuFuRusANUE uMsdudzouveIHINUT
ulsulaenTaunandagiin 4.42 nuhmsduazieuiizrean1iz 11 (Transient State)

v
a =

2 a A = I = 1 o A 1T A a2
ITHAINIUINT 0AUDIIUINN 5.1 llﬂ’ﬂllliQiﬂﬂ?iﬁﬂﬁ%!ﬂ@ﬂgﬁgﬂ 11.3085 IUATADIUIN

< A A A A a aa < £ = ]
HAZMIAUTSINDUNFINTN1ISANN (Steady State) LTHIINIUINN 5.2 nJumu"hJ nanmselu

Q'J 1 a 2
MIAUALNOUFIFA 0.7846 1WATADIUIN

9
[ Y

a 9 ] dy d' =\ 1 d'Q' 9
ﬂﬂuuﬁﬂﬂiﬂﬁgﬂNﬁﬂﬁ’JLﬂin‘Vﬂﬂ’NLLWHWHﬂﬂ’NNEJTJ 12 [UAT UANULIINLTULUN

4 ¢ a da ad -
annzasnlumsduazmouniunn 5.2 udu'll

4.4.3.6 NANNENIVIIHUNY 13 14AS
[ o A ' &y . o <
NNANMITVDIANUTI IUMTTUAZINOUVD I UNY [x(t)} aunsnuInasansn

o v 7 1 o A ] dy A a Y o A
ﬂ'JNJ’CﬂJ‘W‘Ll‘ﬁﬂ’NZJLiQIUﬂ15’(71!’(73L‘VI@1!511E’NLLN‘L!W‘L!‘VILlﬂilﬂﬁﬂullﬂﬁnllniﬂllﬂ 131U 4.43

u

%(t)=0.6500e™"*" sin (19.189t)-10.9172e*** c0s(19.189t)
~0.0830sin (14.92t) - 0.4252 cos (14.92t)

v o d ' M) A v A~ =
nswxluammmauwuﬁmmnflumii;mi;wmaummuwuwumﬂixﬂnw"lﬂmunm

t,sec

=) 1 Q'J A ] &y d' d'
31U 4.43 nywlanusalumsduazimenveauruiue 13 wasiulsaon luamma
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a J v o J J < ] g {
‘I]TﬂWaﬂ15’3Lﬂ513Wﬂi??‘lﬂ’ﬂﬂﬁﬂWH‘ﬁﬂ’ﬂNLiﬂiuﬂ?iﬁﬂﬁ%tﬁ@ﬂﬂl@ﬂllﬂﬂﬁu‘ﬁ

usulaenlaunandagiin 4.43 nuhimsduazineunsaan1z 1iaei (Transient State)

= 1

2 a A =KX A A o =} 1A a2
ITHAINIUINN 0IUDIIUINN 5.9 UATULT “lumiﬁuﬁzmauqqqﬂ 11.3424 14ATADIUIN

< A A A A a aa < £ = ]
LaZMIAUASINDUNEINTNIITAIN (Steady State) 13UAINIUINN 6.0 Lﬂu@]u]’lﬂ Nﬂ??ﬂ!i\ﬂu

Q'J 1 a 2
MIAUAZNOUTIFA 0.4356 IWATADIUIN

9
[ Y

a 9 ] dy d' =\ 1 d’a’ 9
ﬂ\iuu?ﬂlﬂiﬂﬁ?ﬂNﬁﬂﬁ’JLﬂiT%ﬁﬂﬂ’NLLNUWUﬂﬂ’NNfJTJ 13 AT UANULTINLTULAN

4 ¢ a da ad -
annzasnlumsduazmouniun 6.0 Wudu'll

a J ° o 4 a a
4.4.4 agﬂm53mﬁwﬁwamiﬂmammamﬁuﬁuamﬁmmmnnﬂﬂﬁiumi!ﬁmmkuﬂmm
d
WY
o a J Y 9 a J o Y o =
AMMNNITATUIUUAIICHUNAU E’ﬂlﬂiﬂﬁ?ﬂﬂTi'JL‘ﬂiTgﬂﬂﬁﬂ?iﬂ?ﬂ?ﬂ!llﬂﬂﬂ@niﬁﬂ 4-1

FIMIAUIBNVANADAIVOIANNITT A (%g) LAZANMITURAY A, (%g) IABUaaIInNI

rms

AuIUAITl
. a_ x100
AT a=—"""""" 1128 (%g)
9.81
1 d' a 1
ANMESINGY A = ﬁ MUY (%g)
A9 4-6 10952z 1A9A7 ANNIG I LAZANITS AT INAITNEIUDILHUNY
¥4 Transient State Steady State
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9 4.05 0.247 18.10 298.90 | 111.60 1.31 19.64 3.00 2.12
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o a J X 4 a a ¢
ﬂ1‘5ﬂ1143ﬂ!3!ﬂ‘51$“r‘i!m'1-!ﬁu!ﬁﬂﬁiﬂﬂWi]ﬂﬂﬁﬁﬁlﬂ1§lﬂuﬂlﬂﬁﬁl}§ﬂﬂﬁﬂ31Nﬂ1’J 8 U

TOPPING —005m
HOLLOW CORE 0.15m
1 %10 m o.1oﬂ g
8.00m

i‘]J 1 UFHANANNYNILLDS ﬂ’JﬂJWHTﬂJ@QLLNHWH

ﬂ1§ﬁ11!?]ﬂ!‘i’i1?hﬂ’ﬂll!$i’)ﬂ ANULTL BAZANNTHI

Wiic roppine = 334 kg /m?=334x1.2 xg =1603.2kg

1) MAmANUAeH (m)
W _16032 _163.42kg/ ™
g 9.81 S

2.) MIAMANUNTI (k)

leil  E, =4270x2.4*°[1] = 4270% 2.4"°/400 = 3.175x10° kg / m*
48EI  48(3.175x10°)(28411x10°)

e o°

sufs k =84567.12kg /m

azld =84567.12kg /m

3.) MIAANNKHIA (¢)

AINANNIT c=2mawé

Thed \/7 /84567 12 _ =22.75rad /s, £=5%=0.05
259.021

‘i ¢ =2(163.42)(22.75)(0.05) = 371.75 kgf =

dmnannaumsinilves Steady [xp (t)]
VINTUNT mx (t)+cx(t)+kx(t) = F (t)
il F (t) = Py, cos(27if,t)

Tavi P, =0.7kN =%=71.356kg,ai =05 uaz f,=1.9Hz



wld  F(t)=71.356(0.5)cos(27(1)(1.9)t)
= 35.68c0s(11.94t)
sy a2 1 dauns mX (t)+cX(t)+kx(t) =35.68c0s(11.94t) (1)
mﬂﬁllﬂﬁ‘ﬁ (1) UNUAI m,C, k asluguns ﬁ]xulf’alj
163.42%(t)+371.75x(t)+84567.12x (t) = 35.68cos (11.94t) )

auudli X(t) = Asin(11.94t)+ Bcos(11.94t)
w2l X(t) = Asin(at)+ Bcos(wt)

X(t) = wAcos(wt)—wBsin(wt)

%(t) = -’ Asin(wt) - 0’Bcos(at) = -’ [ x(t)]
unuax(t), x(t), X(t) asaumsi 2) 124
163.42[ —” Asin (ot ) — B cos (wt)] +371.75] wAcos(ot) - wBsin(at)]
+84567.12[ Asin (t )+ B cos(wt )] = 35.68c0s(wt)
At sin(ot) 118
~163.420° Asin (wt) —371.750Bsin (ot ) +84567.12Asin (wt) = 0
[ -163.420° A—371.750B +84567.12A Jsin (at) = 0
Taoi o=11.94rad /s

veld  [-163.42(11.94)* A-371.75(11.94) B +84567.12A] =0

—23297.74A—4438.7B +84567.12A=0
61269.38A—4438.7B=0 €)

faft cos(at) azld

~163.420°B cos(wt) +371.75wAcos(wt) + 84567.12B cos (wt ) = 35.68cos (at)
[ -163.420°B +371.75wA +84567.12B |cos (wt ) = 35.68cos (wt)

Taoh  w=11.94rad /s

22 ld —163.42(11.94)2 B +371.75(11.94) A+84567.12B = 35.68
—23297.74B + 4438.7 A+123409.65B = 35.68
4438.7 A+61269.38B = 35.68 4)



Meumsh (3) uaz (4) mulurina A, B Iae7s Matrix
fufuazld A=4.1968x10"°
B =5.7930x10"*

w1 X(t) Taof o =11.94rad /s
0218 X(t) = -0 x(t)]=-(11.94)° [ x(1)]
w1 X(t) nauns
x(t) = Asin(ot)+Bcos(at) (5)

unua1 A, B asaums 1@

X, (t)=(4.1968x10"° )sin (11.94t) +(5.7930x10 * ) cos (11.94t) (6)
msfamanmsialUves Transient [ x(1)]
1 X, (t) 910

mx (t)+cx(t)+kx(t)=0 (7)
Dnaumsii (7) unum m,c,k asluauns a2'1d

163.42%(t)+371.75%(t) +84567.12x(t) =0 (®)
113163.42 aapaduMs 1z la

%(t)+2.27%(t)+517.48x(t) =0 ©)
fmuald x(t)=D
wld D’+2.27D+517.48=0 (10)
heumsii (10) i D Tay3% Matix

wld D, =-1.135+22.7198i
D, =—1.135—22.7198i

[

FagUunuaunsvesa1 D Wi a+biduiuezldi a =—-1.135 1Az b=22.7198
NFUNIT X, = Ae™™ cos(bt)+ Be ™ sin (ht) (11)
unuA a,b asaumsh (1) ald

X, = Ae* c0s(22.7198t) + Be *** sin (22.7198t) (12)



MsfmuIMmIaNms X(t)
NNAUMST X(t)=x,(t)+x,(t) (13)
UNUFUNITN (6) 1A (12) adaumsn (13) a2'ld

x(t)= Ae™"* cos(22.7198t)+Be > sin(22.7198t)
+(4.1968x10°° )sin (11.94t) +(5.7930x10™* ) cos (11.94t ) (14)

Initial Displacement 31NTY 5N (14)

fnuald
d 5 wL* 4
AsaIN 1 X(0)=—— Tagn w=335x1.2=400.8kg/m, L=7.8m
384 EI
4
X(0) =2 400.8x7.8 _0.02141m
384 (3.175x109)(28411x10*8)
d PL® 4
NIaIN 2 x(0)= Tagn P =71.356kg, L=7.8m
48E]|
3
«(0) 71.356x 7.8 _ 0.0008m

B 48(3.175x10°)(28411x10°°)
=Y x(0)=0.0222+0.0005 = 0.0222m
wld  x(0)= Ae”cos(0)+Be sin(0)+ (4.1968><10‘5)sin (0)
+(5.7930x10*)cos (0)

0.0222 = A+ (5.7930x10-4)
. A=0.0216
MNEUMIN (14) Himsm X(t)

X(t) = Ae™+"*[—sin(22.7198t)(22.7198)] + cos(22.7198t)[(-1.135) Ae ***']
+Be % [ cos(22.71981)(22.7198) | +sin (22.7198t)[(~1.135) Be ***']
+(4.1968x10° )[cos (11.94t)(11.94)] +(5.7930x10™*)[—sin (11.94t ) (11.94)]
X(t)=-22.7198Ae " sin(22.7198t) -1.135Ae **** cos(22.7198t)
+22.7198Be*** cos(22.7198t) —1.135Be** sin (22.7198t)

+(5.0110x10™*)cos(11.94t) —(6.9168x10°° )sin (11.94t) (15)



Initial Displacement 310 &X ARE] (15)

Muald x(t)=0

wld  %(0)=-22.7198Ae’sin(0)-1.135A¢ " cos(0)+22.7198Be° cos(0)
—1.135Be *sin (0)+(5.0110x10*)cos (0) —(6.9168x10"* )sin (0)

X(0)=—-1.135A+22.7198B +(5.0110x10™*)
UNUA=0.0216 4
0=-1.135A+22.7198B +(5.0110x10*)

0=-0.0245+22.7198B +(5.0110><10—4)
-.B=0.0010
unuar A=0.0216 , B =0.0010 asluaunisn (14) az'ld

X (t)=0.0216e**" cos(22.7198t)+0.0010e *** sin (22.7198t )
+(4.1968x10°° )sin (11.94t) +(5.7930x 10 * ) cos (11.94t)
msfIumaums [ x(t)] uag [%(t)]
LA [ x(t)] NANNIT (16)
X(t)=0.0216e **[ —sin(22.7198t)(22.7198) |
+c0s(22.7198t)[ (0.0216) e > (~1.135) |
+0.0010e ***** [ cos (22.7198t)(22.7198) |
+sin(22.7198t)[ (0.0010)e™*** (~1.135) |
+(4.1968x10° )[cos (11.94t)(11.94)]
+(5.0110x10™* )[—sin (11.94t)(11.94)]
X(t)=-0.4907e**" sin(22.7198t) — 0.0245¢ *** cos(22.7198t)

+0.0240e " c0s (22.7198t) - (1.1997 x 10 ) e siin ( 22.7198t )

+(5.0110x10™*)cos(11.94t) —(6.9168x10"° )sin (11.94t)
X(t)=—(5x10"*)e***" cos(22.7198t) - 0.4919e ***' sin (22.7198)
+(5.0110x10™*)cos(11.94t) —(6.9168x10°° )sin (11.94t)

(16)

(17)



2. fuaan X(t) mnaumsii (17)
%(t)=—(5x10"*)e ™[ —sin(22.7198t)(22.7198) |
+003(22.7198t)| —(5x107* ) e (~1.135) |

~0.4919e ****' [ cos(22.7198t)(22.7198) |
+sin(22.7198t)[ ~0.4919¢ *** (~1.135) |
+(5.0110x10™*)[-sin (11.94t)(11.94)]
—(6.9168x10°°)cos (11.94t)(11.94)
%(t)=0.5697e**" sin (22.7198t) - 11.175¢**" cos(22.7198t)
)

—(5.9831><10 ~)sin n(11.94t)—0.0826 cos(11.94t) (18)



o a J X 4 a a ¢
m‘;mmm’smswmm'uﬁmﬁmmanﬂniiunmﬂummmgmﬂﬁmmm’a 9 1UNT

TOPPING J 05m
HOLLOW CORE 0.20 m
™ %10 m 0.10*m4 ~

9.00m

] Y
qi"ﬂ‘ﬁ 2 uﬁmmmammxmmwuwmuwuﬁu

miﬁmammdmmmﬁaﬂ ANULAL BAZANNTHI

Wocroppme = 350 kg /m?=334x1.2x % =1890kg

1) MAmANUAeH (m)
m=" _1890_1q; 66kg/ ™
g 981 S

2.) MIAANUNTI (k)
el E, =4270x 2.4%5 [f/ = 4270 2.4*°\/400 = 3.175x10° kg / m’
48EI  48(3.175x10°)(59557x10°)
K="F ~ o°
sufs  k =124505.99kg /m

aLld

=124505.99kg / m

3.) MIAANNKHIA (c)

AINANNIT c=2mawé

Tnefi = \/E: /Mz 25.42rad /s, £=5%=0.05
m 192.66

Fus  c=2(192.66)(25.42)(0.05) = 489.74 kgf %

dmnannaumsinilves Steady [xp (t)]

VINTUNT mx (t)+cx(t)+kx(t) = F (t)

o F(t)=Pe, cos(27zif ,,t )

step

Tavi P, =0.7kN =%=71.356kg,ai =05 uaz f,=1.9Hz



wld  F(t)=71.356(0.5)cos(27(1)(1.9)t)
— 35.68¢05(11.94t)
sy a2 1 dauns mX (t)+cX(t)+kx(t) =35.68c0s(11.94t) (1)
Dinaumsi (1) unum m,c,k adluaums 1218
192.66X (t) +489.74%(t) +124505.99x (t) = 35.68c0s (11.94t) )

auudli X(t) = Asin(11.94t)+ Bcos(11.94t)
1wl X(t) = Asin(at)+ Bcos(wt)

X(t) = wAcos(wt)—wBsin(wt)

%(t) = -’ Asin(wt) - 0’Bcos(at) = -’ [ x(t)]
unua x(t), (), X(t) asaumsi ) 124
192.66| —” Asin (t) - ”B cos (ot )]+ 289.74] wAcos(et) - wBsin(at)]
+124505.99[ Asin (@t )+ B cos (wt )] = 35.68cos ( wt)

A sin(at) 218

~192.66Asin (wt) - 489.74wBsin (@t) +124505.99 Asin (wt )
[-192.660° A—489.740B +124505.99A Jsin (ot ) =0

0

TaeN o=11.94rad /s

veld  [-192.66(11.94)° A—489.74(11.94) B +124505.99A | =0

—27466.30A—5847.50B +124505.99A =0
97039.69A-5847.50B =0 €)

faft cos(at) azld

~192.660°B cos(wt) +489.74wAcos (wt) +124505.99B coswt ) = 35.68cos (wt)
[ 192.660°B + 489.74wA +124505.99B |cos (t ) = 35.68c0s(wt)

Taoi o=11.94rad /s

wld  -192.66(11.94)° B +489.74(11.94) A+124505.99B = 35.68
—27466.30B +5847.50A+124505.99B = 35.68
5847.50A+97039.69B = 35.68 (4)



1aun1sn 3) uag (@) vimuara A, B Tagds Matrix
aajuagla A=2.2076x10"°

B =3.6635x10"*
w1 X(t) Tath w=11.94rad /s

2218 X(t) = -0 x(t)]=-(11.94) [ x(1)]
A1 X(t) nauns
x(t) = Asin(at)+Bcos(wt) (5)

unua1 A, B asaums la

X, (t)=(2.2076x10"° )sin (11.94t) +(3.6635x10 *) cos (11.94t) (6)
mafaumaunsia l1uod Transient [x(1)]
1 X, (t) 910

mx (t)+cx(t)+kx(t)=0 (7)
A (7) unum m, ¢, k asluaums 118

192.66%(t)+489.74% () +124505.99x (1) = 0 (®)
115 192.66 AaeAdNMs 9218

X(t)+2.54x%(t)+646.25x(t) =0 )
fmuald x(t)=D
121d  D’+254D+646.25=0 (10)
haumst (10) A D Tne3s Matrix

wld D, =-1.27 +25.3897i
D, = —1.27 — 25.3897i

[

FagUuuuaunsvesat D iiu a+biauiueglam a =—1.27 uag b = 25.3897
NAUNIT X, = Ae™™ cos(bt)+ Be ™ sin(ht) (11)
unum a,basaumsh (1) ala

X, = Ae*"" c0s(25.3897t) + Be *"* sin (25.3897t) (12)



MsfmuIMmIaNms X(t)
NNAUMST X(t)=x,(t)+x,(t) (13)
AN (6) ez (12) aserumsi (13) 1218
x(t)= Ae ™" cos(25.3897t)+Be*" sin (25.3897t)
+(2.2076x10°° )sin (11.94t) +(3.6635x 10 * ) cos (11.94t) (14)

Initial Displacement 31NTY 5N (14)

fnuald
d 5 wL* 4
nIaIn 1 x(0)=—— Taeh w=350x1.2=420kg/m, L=8.8m
384 EI
4
x(0) = S 400.8x8.8 —0.0173m
384 (3.175><109)(59557><10*8)
d PL® 4
NIaIN 2 x(0)= Tagn P=71.356kg, L=8.8m
48EI|
3
«(0) 71.356x8.8 _ 0.0005m

~ 48(3.175x10°) (59557 %10
=Y x(0)=0.0173+0.0005 = 0.0178m
wld  x(0)= Ae”cos(0)+Be sin(0)+ (2.2076><10‘5)sin (0)
+(3.6635x10*)cos(0)

0.0178 = A+(3.6635x10‘4)
-.A=0.0174
MNEUMIN (14) Hmsm X(t)

X(t) = Ae™*"[-sin (25.3897t)(25.3897 )] + cos (25.3897t)[ (~1.27) Ae ™" |
+Be**"[ cos(25.38971)(25.3897) | +sin (25.3897t)[ (~1.27) Be ™ |
+(2.2076x10°° ) [cos (11.94t ) (11.94)] +(3.6635x10™* ) [—sin (11.94t ) (11.94)]

X(t)=-25.3897 Ae +*"" sin (25.3897t ) —1.27 Ae **"* cos( 25.3897t)
+25.3897Be*" cos(25.3897t) —1.27Be %" sin (25.3897t )

+(2.6359x10*) cos (11.94t) - (4.3742x10°° )sin (11.94t) (15)



Initial Displacement 910 &X ARE] (15)

Mvuali x(t)=0

wld  %(0)=-25.3897Aesin(0)-1.27 Ae ™ cos(0)+25.3897Be° cos(0)
—~1.27Be "sin(0)+(2.6359x10* ) cos(0) —(4.3742x10°* )sin(0)

%(0)=-1.27A+ 25.38978+(2.6359><10‘4)
unu A=0.0174 18
0=-1.27A+25.3897B + (2.6359x10-4)

0=-0.0221+25.3897B + (2.6359 ><10_4)
B =0.0008
unuar A=0.0174 ,B =0.0008 asluaunisin (14) az'ld

x(t)=0.0174e™*" cos(25.3897t)+0.0008e*" sin (25.3897t)
+(2.2076x10°° )sin (11.94t) +(3.6635x10™* ) cos (11.94t )

msfIamaums X(t) uaz [x(t)}

1.ATUIUN X(t) mﬂﬁllﬂﬁ‘ﬁ (16)

X(t)=0.0174¢*"'[ —sin(25.3897t)(25.3897) |
+c0s(25.3897t)[ (0.0174)e ™" (-1.27) |
+0.0008e **"'[ cos(25.38971)(25.3897) |
+sin(25.3897t)[ (0.0008)e " (~1.27) |
+(2.2076x10° ) [cos (11.94t)(11.94)]
+(3.6635x10* )[—sin (11.94t)(11.94)]

X(t) =-0.4418e %" sin (25.3897t) - 0.0221e*"* cos( 25.3897t)
+0.0218e %" s (25.3897t ) —(1.0922x10* ) e **"* sin (25.3897t)
+(2.6359x10*) cos (11.94t) - (4.3742x10°° )sin (11.94t )

X(t) =—(3x10"*)e**" cos(25.3897t) - 0.4429¢ *'*sin (25.3897t)

+(2.6359x10*) cos (11.94t) - (4.3742x10°° )sin (11.94t)

(16)

(17)



2. fuaan X(t) mnaumsii (17)

%(t)=—(3x10"*)e**"'[ —sin(25.3897t)(25.3897) |
+005(25.3897t)| - (3x10)e ™" (-1.27) |
—~0.4429e %" [ cos(25.3897t)(25.3897) |
+5in(25.38971)[ ~0.4429e " (-1.27) ]
+(2.6359x10* )[—sin (11.94t)(11.94)]
—(4.3742x107° ) cos (11.94t)(11.94)

%(t)=0.5701e™*" sin(25.3897t) —11.2447e """ cos (25.3897t )
—(3.1473x10°°)sin (11.94t) - 0.0522 cos (11.94t)

(18)



o a J X 4 a a ¢
m‘;mmm’smswmm'uﬁmﬁmmanﬂniiunmﬂummmgmﬂﬁmmm’a 10 t4AS

TOPPING .05 m
HOLLOW CORE 0.20m
A o 010 -
10.00 m

i‘]J 3 UFHANANYNILLDS ﬂ’JT?JWHTﬂJ@QLLNHWH

U

miﬁmammdmmmﬁaﬂ ANULAL BAZANNTIHI

10

Wisc.rormine =350 kg /m*=334x1.2x= - = 2100kg

1) MAmANueH (m)
m :V_V:@=214.07kg /m2
g 981 S

2.) MAMANNNTA (k)
e E, =4270x2.4" [f/ = 4270 2.4°\/400 = 3.175x10° kg / m?
48EI  48(3.175x10°)(59557x10°)
R 10°
sufs k=90764.87kg /m

aLld

=90764.87kg /m

3.) MAMANNTIHIA (c)

AINANNIT c=2mawé

Thed \/7 /90764 87 _ =20.59rad /s, £=5%=0.05
214.07

o

Wi ¢ =2(214.07)(20.59)(0.05) = 440.77 kgf =

smnammanmsialives Steady [ X, (1)]
vnaums mx(t)+cx(t)+kx(t)=F(t)
il F (t) = Py, cos(27if,t)

Tav@t P, =0.7kN =% =71.356kg, o, =0.5 uaz f, =1.9Hz



wld  F(t)=71.356(0.5)cos(27(1)(1.9)t)
— 35.68¢05(11.94t)
Yot 02 Idaunis mX (t)+cX(t)+kx(t) =35.68c0s(11.94t)
Dinaumsi (1) unum m,c,k adluaums 1218
214.07% (t)+440.77(t) +90764.87x(t) = 35.68cos (11.94t)

auudli X(t) = Asin(11.94t)+ Bcos(11.94t)
1wl X(t) = Asin(at)+ Bcos(wt)

X(t) = wAcos(wt)—wBsin(wt)

%(t) = -’ Asin(wt) - 0’Bcos(at) = -’ [ x(t)]

unua X(t),x(t), X(t) asaumsh 2) 9214

214.07[ —o’ Asin(ot) - &’B cos (ot )] +440.77] @Acos(at) - oBsin(at)]

+90764.87[ Asin (wt)+ B cos(t )] = 35.68cos (wt)
Aad sin(ot) 214
—214.07 Asin wt) - 440.77wBssin (wt) + 90764.87 Asin (wt) = 0

[ -214.070° A—440.77B +90764.87 A |sin (et ) =0

Tae  w=11.94rad /s

veld  [-214.07(11.94)” A-440.77(11.94) B+90764.87A ] =0

—30518.59A-5262.79B +90764.87A=0
60246.28A—-526.79B =0

faft cos(at) azld

(1)

2

3)

—214.07B cos(wt)+440.77wAcos(wt ) +90764.87B cos (wt ) = 35.68cos (wt)

[ -214.070°B +440.77A+90764.87B | cos (wt) = 35.68cos ()

TaeN ©=1194rad/s

1wl —214.07(11.94)° B +440.77(11.94) A+ 90764.87B = 35.68
~30518.59B +5267.79A+90764.87B = 35.68
5262.79 A+ 60246.28B = 35.68

4)



Meumsh (3) 1Az (4) MUIUNIAT A, B 1Ae7D Matrix
fufuaeld A=5.1343x10"°
B=5.8775x10""

e #(¢) 1o ©=11.94rad /s
0218 X(t) = -0 x(t)]=-(11.94) [ x(1)]
1R X(t) nauns
x(t) = Asin(ot)+Bcos(at)
unua1 A, Basaums la
X, (1) =(5.1343x10° )sin (11.94t) +(5.8775x10™* ) cos (11.94t)
msfIaaums i 11Uved Transient [x(t)]
1 X, (t) 910
mx (t)+cx(t)+kx(t)=0
INAUMIT (7) inum m, ¢, k asluaums 11
214.075%(t)+ 440.77%(t)+90764.87x(t) = 0
W13 214.07 aneadums oz 1a
X(t)+2.06%(t)+424x(t)=0
fmuald x(t)=D
wld D?+2.06D+424=0
heumsii (10) i D Tay3T Matix

wld D, =-1.03+20.5655i
D, = —1.03— 20.5655i

[

FagUunuaunsvesat Dy a+biduiuazlda a = -1.03uag b = 20.5655
NNANMT X, = Ae™™ cos(bt)+ Be ™ sin(ht)
unuA abasaumsi (11) wla

X, = Ae ™ cos(20.5655t ) + Be +** sin (20.5655t)

(5

(6)

(7)

®)

©)

(10)

(1D

(12)



MsfmuIMmIaNms X(t)
NNAUMST X(t)=x,(t)+x,(t) (13)
AN (6) ez (12) aserumsi (13) 1218
x(t)= Ae ™" cos(20.5655t )+Be** sin(20.5655t )
+(5.1343x10°° )sin (11.94t) +(5.8775x 10 * ) cos (11.94t) (14)

Initial Displacement 31NTY 5N (14)

fvuald
ad 5 wL* o
nIaIn 1 x(0)=——— Tagh w=350x1.2=420kg/m, L=9.8m
384 EI
4
x(0) =~ x 420>9.8 ~0.0267m
384 (3.175x10°)(59557x10°°)
ad PL® o
NIaIN 2 x(0)= Tagh P =71.356kg, L=9.8m
48ElI
3
X(0) 71.356x9.8 10,0007

~ 48(3.175x10°) (59557 x10°°)
=Y x(0)=0.0173+0.0005 = 0.0274m
w18 x(0)= Aecos(0)+Besin (0)+(5.1343><10‘5)sin (0)
+(5.8775x10*)cos (0)

0.0274 = A+(5.8775x10‘4)
. A=0.0268
MNEUMIN (14) Hmsm X(t)

X(t) = Ae™"[-sin(20.5655t )(20.5655)] +cos (20.5655t)[ (~1.03) Ae™**" |
+Be™** [ cos(20.5655t )(20.5655) | +sin (20.5655t)[ (~1.03) Be ™ |
+(5.1343x10°° ) [cos (11.94t)(11.94)] +(5.8775x10* ) —sin (11.94t)(11.94) |
X(t)=—-20.5655A¢ ™ sin(20.5655t) —1.03Ae ™ ** cos(20.5655t )
+20.5655Be ™ cos(20.5655t) —1.03Be ™ sin (20.5655t)
+(6.1304x10™*)cos (11.94t) —(7.0177x10* )sin (11.94t) (15)



Initial Displacement ﬁnﬂﬁllﬂﬁ‘ﬁ (15)
Mvualy x(t)=0
wld  %x(0)=-20.5655Ae°sin(0)-1.03Ae "’ cos(0)+20.5655Be ° cos(0)
—~1.03Be *sin(0)+(6.1304x10*)cos(0)—(7.0117x10"*)sin (0)
%(0) = ~1.03A+20.5655B +(6.1304x10™)
unu A=0.0268 4
0=—1.03A+20.5655B +(2.6359x10 )

0=-0.0276 + 20.5655B + (2.6359><10_4)
B =0.0013
unuar A=0.0268 ,B =0.0013 asluaunisn (14) az'ld

x(t) =0.0268¢ ™ cos (20.5655t)+0.0013e ™% sin (20.5655t )
+(5.1343x10°° )sin (11.94t) +(5.8775x10* ) cos (11.94t) (16)
msfnoamanms [ x(t)] uez [%(t)]
LA [ x(t) ]mﬂﬁumiﬁ (16)
X(t)=0.0268e *** [ —sin (20.5655t)(20.5655) |
+cos(20.5655t)[(0 0268)e ™" (~1.03) |
+0.0013e [ cos(20.5655t ) (20.5655) |
+sin(20.5655t)| (0.0013)e ™ (~1.03) |
+(5.1343><10‘5)[cos(11.94t)(11.94)]
+(5.8775x10 " )[sin (11.94t)(11.94)]

%(t) = ~0.5512¢ %" sin ( 20.5655t ) - 0.0276¢** cos ( 20.5655t )
+0.0270e 7% c0s(20.5655t) - (1.3518x 10~ )& sin (205655t

+(6.1304x10*)cos (11.94t) —(7.0177 <10 * )sin (11.94t)
X(t) =—(6x10™")e™* cos(20.5655t ) — 0.5526e " sin (20.5655t)
+(6.1304x10™*)cos (11.94t) —(7.0177x10* )sin (11.94t) (17)



2. fuaan X(t) mnaumsii (17)

%(t) =—(6x10"*)e™* [ ~sin(20.5655t)(20.5655) |
+005(20.5655t)| - (610 )e™* (~1.03) |
~0.5526e **' [ cos(20.5655t )(20.5655) ]
+sin (20.5655t ) ~0.5526e**" (~1.03) ]
+(6.1304x107 )[-sin (11.94t ) (11.94)]
—(7.0177x107° ) cos (11.94t)(11.94)

>"<(t) =0.5815e ™" sin (20.5655t ) —11.3639%¢ ** cos(20.5655t )
—(7.3197x10°)sin (11.94t) —0.0838cos (11.94t )

(18)



o a J X 4 a a ¢
m‘;mmm’smswmm'uﬁmﬁmmanﬂniiunmﬂummmgmﬂﬁmmm’a 11 14T
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TOPPING 05 m
HOLLOW CORE 0.25m
— }'ch m o.1oTn" -
11.00 m
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11

W =385kg/m2=385><1.2><?=2541kg

HC+TOPPING

1) mamanuaes (M)

W 25411 = 259.021kg /—
g

2.) manuuds (K)
el E, =4270x 2.4 [/ = 4270x 2.4°\/400 = 3.175x10° kg / m?
48E1  48(3.175x10°)(107781x10°)
R 17°
sufs k =123409.65kg /m

azld =123409.65kg / m

3.) MANNKUI (C)

AINANNIT c=2mawé

Thed \F /123409 55 _o1808rad /s, £=5%=0.05
259.021

o

Wi ¢ =2(259.021)(21.828)(0.05) = 565.391kgf E
dmnannaumsinilves Steady [X ; (t)]

e mx(t)+ox(t)+kx(t) = F (t)

o F(t)=Pe, cos(27if )

Tav@t P, =0.7kN :%81;)00 =71.356kg, o, =0.5 uaz f, =1.9Hz



wld  F(t)=71.356(0.5)cos(27(1)(1.9)t)
= 35.68c0s (11.94t)
sy a2 1 dauns mX (t)+cX(t)+kx(t) =35.68c0s(11.94t) (1)
mﬂﬁllfﬂi‘ﬁ (1) UNUAI m,C, k asluguns ﬁ]xulﬁj
259.021% (t) +565.391x (t) +123409.65x () = 35.68cos (11.94t ) )

auudli X(t) = Asin(11.94t)+ Bcos(11.94t)
w2l X(t) = Asin(at)+ Bcos(wt)

X(t) = wAcos(wt)—wBsin(wt)

%(t) = -’ Asin(wt) - 0’Bcos(at) = -’ [ x(t)]
unua X(t),x(t), X(t) asaumsh 2) 9214
259.021] —w” Asin (ot ) — ©”B cos(t )] +565.391] @Acos(wt) - wBsin(wt)]
+123409.65[ Asin (ot ) + B cos (ot )] = 35.68c0s( wt)
A sin(wt) 9214
~259.021w” Asin (ot ) —565.391wBssin (ot ) +123409.65Asin (wt) = 0
[ -259.020° A—565.3910B +123409.65A |sin (wt) = 0

TaeN  ©=1194rad /s

veld  [-259.02(11.94)" A-565.391(11.94) B +123409.65A | =0

—36926.97 A—6750.77B +123409.65A =0
86482.68A—6750.77B =0 3)

faft cos(at) azld

~259.021"B cos (wt ) + 565.391wA cos (wt ) +123409.65B cos (wt ) = 35.68 cos (wt )
[~259.02100°B +565.3910A +123409.65B | cos at ) = 35.68cos at )

Taoli  w=11.94rad /s

a2 ld —259.021(11.94)2 B +565.391(11.94) A+123409.65B = 35.68
—36926.97B + 6750.77 A+123409.65B = 35.68
6750.77 A+86482.68B = 35.68 4)



Meumsh (3) uaz (4) mulurina A, B Iae7s Matrix
fufuarld A=3.2010x10°
B=4.1007x10™"

e #(¢) 1o ©=11.94rad /s
0218 X(t) = -0 x(t)]=-(11.94) [ x(1)]
1A X (1)1 9nauns
x(t) = Asin(ot)+Bcos(at) (5)

unua1 A, B asaumsla

X, (t) =(3.2010x10"°)sin (11.94t)+(4.1007 x10™* ) cos (11.94t ) (6)
msfIaaums i 11Uved Transient [x(t)]
1 X, (t) 910

mx(t)+ ck(t) + kx(t) =0 ™)
DInaumsii (7) unum m,c,k asluaums a8

250.02% () + 565.391X () +123409.65x (1) = 0 (®)
13 259.021 Aaeadauns 1218

%(t)+2.18%(t)+476.45x (t) =0 ©)
fmuald x(t)=D
wld  D?+218D+476.45=0 (10)
heumsii (10) mdaue D Tae3s Matrix

wld D, =-1.09+21.800i
D, = —1.09 — 21.800i

[

Jaguuuvaumsvesat D iy a+bi aniuez18A1 a=—1.09 uaz b= 21.800
NFUNIT X, = Ae™™ cos(bt)+ Be ™ sin(ht) (11)
UnUAT ab asaumsn (1) agla

X, = Ae™® c0s(21.800t ) + Be ™™ sin(21.800t) (12)



MsfmuIMmIaNms X(t)
NNAUMST X(t)=x,(t)+x,(t) (13)
AN (6) ez (12) aserumsi (13) 1218
x(t) = Ae™*" cos(21.800t )+Be ™™ sin (21.800t)
+(3.2010%10°° )sin (11.94t) +(4.1007 x10* ) cos (11.94t) (14)

Initial Displacement 31NTY 5N (14)

fvualid
T )=3—Z4WE—f Taui w=385x1.2 = 462kg /m, L=10.8m
'
x(0)= 324 § (3.175xf§92)?11c())£81x108) ~o024m
n3fii 2 x(0)= 4FE;II_;I Tavii P =71.356kg, L =10.8m

X(0)= 71.356x10.8°
48(3.175><109)(107781><10’8)

=3 'x(0) = 0.024+0.0005 = 0.0245m

=0.0005m

a8 x(0) = Ae®cos(0)+Be’sin (0)+(3.2010x10’5)sin(0)
+(4.1007 x10™*) cos(0)

0.0245 = A+(4.1oo7x10-4)
- A=0.0241
MNENMIN (14) Himsm X(t)

X(t) = Ae™*[-sin(21.800t)(21.800)] +cos(21.800t )[ (-1.09) Ae " |
+Be ™' cos(21.800t)(21.800) | +sin (21.800t)[ (~1.09) Be ™" |
+(3.2010x10°° ) [cos (11.94t ) (11.94)] +(4.1007 x10™* )[ —sin (11.94t)(11.94) |
%(t) =-21.800Ae™*"sin(21.800t) —1.09Ae **" cos(21.800t)
+21.800Be** cos(21.800t) —1.09Be** sin (21.800t )
+(3.8220x10™* ) cos(11.94t) - (4.8962x10°° )sin (11.94t ) (15)



Initial Displacement 310 &X ARE] (15)

Muald x(t)=0

wld  x(0)=-21.800Aesin(0)-1.09Ae ™ cos(0)+21.800Be’ cos(0)
—~1.09Be sin(0)+(3.8220x10™*)cos (0) —(4.8962x10* )sin (0)

%(0)=-1.09A+21.800B +(3.8220x10"*)
Uy A=0.0241 14
0=-1.09(0.0241)+21.800B +(3.8220x10°*)

0=-0.0263+21.800B + (3.8220 ><10‘4)
-.B=0.0012
unua A=0.0241,B =0.0012 aﬂuﬁumiﬁ (14) a2'la

x(t) =0.0241e™® cos(21.800t)+0.0012¢ " sin (21.800t )
+(3.2010%10°° )sin (11.94t) +(4.1007 x10™* ) cos (11.94t)
msfnoamanms [ x(t)] wez [%(t)]

LA [ X(t) ] INANNIT (16)

X(t)=0.0241e™*" [ —sin (21.800t )(21.800) |
+cos(21.800t)[ (0.0241)e™** (~1.09) ]
+0.0012¢ %' cos(21.800t )(21.800) |
+sin(21.800t)[ (0.0012) ™" (~1.09) |
+(3.2010x10"° ) [cos (11.94t ) (11.94)]
+(4.1007x10* )[sin (11.94t)(11.94)]

X(t) =-0.5254e """ sin(21.800t) — 0.0263¢ **" cos(21.800t)
+0.0262¢ ** c0s(21.800t) —(1.308x10"* ) e *** sin (21.800t)
+(3.8220x10*) cos (11.94t) —(4.8962x10°)sin (11.94t)

x(t)= —(1>< 107 ) e %" cos(21.800t) - 0.5267e " sin (21.800t)

+(3.8220x10™*) cos (11.94t) —(4.8962x10°°)sin (11.94t)

(16)

(17)



2. fuaan X(t) mnaumsii (17)

X(t) =—(1x10"")e***" [ ~sin(21.800t)(21.800) |
+005(21.800t)| —(1x10)e™* (~1.09)
~0.5267e [ cos(21.800t)(21.800) |
+sin(21.800t)[ —0.5267e** (~1.09) |
+(3.8220x107*)[sin (11.94t)(11.94)]
—(4.8962x107° ) cos (11.94t)(11.94)

%(t)=0.5763e™*" sin(21.800t ) —11.4820e*** cos(21.800t )
—(4.5635x10°° )sin(11.94t)—0.0585cos (11.94t)

(18)



o a J X 4 a a ¢
m‘;mmm’smswmm'uﬁmﬁmmanﬂniiunmﬂummmgmﬂﬁmmm’a 12 14T

TOPPING —0.05m
HOLLOW CORE 0.25m
A From oo
12.00 m

i‘]J S UEANANYNLLAL ﬂ’JT?JWHTﬂJ@QLLNHWH

U

mﬁﬁmammﬁmmmﬁaﬂ ANULTL BAZANNTHI

Wiic.roppine = 385kg /m? =385x1.2x % = 2772kg

1) mamarudes (M)
m=" _ 2772 _ 987 569k / -
g 981 S

2.) MmN (K)
E, = 4270x2.4° [f] = 4270% 2.4"°\/400 = 3.175x10° kg / m?

48EI  48(3.175x10°)(107781x10°°)
S 12°
3.) HIMANUHUN (C)

=95056.85kg / m

AINANNIT c=2mawé

\F 9505685 _ 1 341rad /s, ¢=5%=0.05
282.569

Fahy c= 2(282 569 (18 341)(0 05) 518.260 kgf —
dmnannaumsinilves Steady [X ; (t)]

MU mx(t)+cx(t)+kx(t) = F(t)

o F(t)=Pe, cos(27if )

Tavft P, =0.7kN :%81;)00 =71.356kg, o, =0.5 uaz f, =1.9Hz



wld  F(t)=71.356(0.5)cos(27(1)(1.9)t)
= 35.68c0s (11.94t)
sy a2 dauns mX (t)+cX(t)+kx(t) =35.68c0s(11.94t) (1)
mﬂﬁllfﬂi‘ﬁ (1) UNUAI m,C, k asluaunis ﬁ]xulﬁl
282.569%(t)+518.260% (t)+95056.85x (t) = 35.68c0s (11.94t ) )

auudli X(t) = Asin(11.94t)+ Bcos(11.94t)
w2l X(t) = Asin(at)+ Bcos(wt)

X(t) = wAcos(wt)—wBsin(wt)

%(t) = -’ Asin(wt) - 0’Bcos(at) = -’ [ x(t)]
unua X(t),x(t), X(t) asaumsh 2) 9214
282.569| e’ Asin (at) - »°B cos (t )] +518.260[ wAcos(at)—wBsin(wt)]
+95056.85[ Asin (ot )+ B cos (ot )] = 35.68c0s(wt)
A sin(wt) 9214
—~282.5690° Asin (@t) —518.260B sin (wt) +95056.85Asin (ot ) =0
[ -282.5690° A—518.2600B + 95056.85A |sin («t) = 0

TaeN  ©=1194rad /s

veld  [-282.569(11.94)* A-518.260(11.94) B +95056.85A | =0

—40284.05A—6188.02B + 95056.85A =0
54772.8A—-6188.02B =0 (3)

faft cos(at) azld

—282.5690°B cos(wt ) +518.260wAcos (wt ) +95056.85B cos (wt ) = 35.68cos (wt)
[~282.5690°B +518.260wA + 95056.85B | cos (et ) = 35.68cos («t)

Tagii  w=11.94rad /s

a2 ld —282.569(11.94)2 B +518.260(11.94) A+95056.85B = 35.68
—40284.05B + 6188.02 A+ 95056.85B = 35.68
6188.02A+54772.8B = 35.68 4)



Meumsh (3) uag (4) muluyina A, B Taeds Matrix
fuiuaeld A=7.2667x10°
B =6.4321x10™*

M1 £(t) 19N 0 =11.94rad /s

v21& X(t) = -0 x(t)]=-(11.94) [ x(1)]

w1 X(t) anaums
x(t) = Asin(ot)+Bcos(at)

unua A, B asaunsld

X, (t)=(7.2667x10"° )sin (11.94t) +(6.4321x10™* ) cos (11.94t )

msfIaauns i 1Uved Transient [x(1)]
1 X, (t) 910
mx (t)+cx(t)+kx(t)=0
Dnaumsii (7) unum m, ¢,k asluaums 11
282.5695 (t)-+518.260% t)-+ 95056.85x (t) = 0
13 282.569 Aaoaduns 1214
X (t)+1.83%(t) + 336.40x(1) = 0
fmuald x(t)=D
wwld  D?+1.83D+336.40=0
heumsii (10) mdaue D 1ae3s Matrix

wld D, =-0.9+18.319i
D, =—-0.9-18.319i

[

VINAUNIT X, = Ae"* cos (bt )+ Be ™ sin (bt)

unuat a,b asaunisn (1) a2'ld

X, = Ae™** c0s(18.319t) + Be™** sin(18.319t)

1 I . W g J
dagUuuuaumsvesat D Wy a+bi auiuezldar a=—-0.9uaz b =18.319

()

(6)

(7)

(®)

©)

(10)

(1D

(12)



MIAMUIUNTUNT x(t)
NNAUNT x(t)=x, (t)+x,(t) (13)
Lmuﬁllﬂﬁ‘ﬁ (6) wag (12) aﬂﬁllﬂﬁ‘ﬁ (13) ‘1]31@9]}
X(t) = Ae™** cos(18.319t)+Be"* sin (18.319t)
+(7.2667 <107 )sin (11.94t) +(6.4321x10™* )cos (11.94t ) (14)

Initial Displacement 31NTY 5N (14)

fnuald
d 5 wL* 4
nIaIn 1 x(0)=—— Tagn w=385x1.2=462kg/m, L=11.8m
384 EI
4
x(0)=5 462x11.8 _ 0.034m
384 (3.175x109)(1o7781x10*8)
d PL 4
NIaIN 2 x(0)= Tagn P=71.356kg, L=11.8m
48EI
3
X(O) _ 71.356x%x11.8 — 0.0007m

48(3.175x10°)(107781x10°*)
~. > x(0)=0.034+0.0007 = 0.0347m
18 x(0)=Ae™cos(0)+Be™sin(0)+ (7.2667 xlO‘S)sin (0)
+(6.4321x10™* ) cos(0)

0.0347 = A+(6.4321x10‘4)
. A=0.0340
mﬂﬁllﬂﬁ‘ﬁ (14) ‘Vhﬂﬁ?ﬂ X(t

)
X(t) = Ae""[~sin(18.319t)(18.319)] +cos (18.319t)[ (~0.9) Ae ' |
Be**[ cos(18.319t)(18.319) | +sin (18.319t)[ (-0.9) Be " |
+(7.2667x10°°)[cos (11.94t)(11.94)] +(6.4321x10™*)| —sin (11.94t)(11.94) |
%(t) =-18.319Ae " sin(18.319t) — 0.9 Ae **' cos(18.319t)
+18.319Be** cos(18.319t)—0.9Be **' sin(18.319t)
+(8.6764x10™" ) cos(11.94t) —(7.6799x10"° )sin (11.94t) (15)



Initial Displacement MNAUNTN (15)
vl x(t)=0

wld  %(0)=-18.319Ae?sin(0)-0.9Ae ™ cos(0)+18.319Be ° cos(0)

—~0.9Be °sin(0)+(8.6764x10*)cos(0)—(7.6799x10"°)sin (0)

x(0) = ~0.9A+18.319B +(8.6764x10™*)
U A=0.0340 &
0=-0.9(0.0340) +18.319B + (8.6764x10

0=-0.0306+18.319B + (8.6764x10_4)
. B=0.0016
unuar A=0.0340 ,B =0.0016 asluaunisn (14) az'ld

x(t) =0.0340e°* cos(18.319t)+0.0016e* sin (18.319t)
+(7.2667 <10 )sin (11.94t) +(6.4321x10™* )cos (11.94t )
msfnoamanms [ x(t)] wez [%(t)]

LA [ X(t) ] INANNIT (16)

X(t)=0.0340e °* [ —sin(18.319t)(18.319) |
+¢0s(18.319t)[ (0.0340)e** (-0.9) ]
+0.0016e °** [ cos(18.319t)(18.319) |
+sin(18.319t)[ (0.0016)e** (-0.9) |
+(7.2667x10"° )[cos(11.94t)(11.94)]
+(6.4321x10*)[-sin (11.94t ) (11.94)]

%(t) =—0.6228e %% sin(18.319t) - 0.0306e ** cos(18.319t)
+0.0293e ** cos(18.319t) — (1.44 x107 ) e *%sin(18.319t)
+(8.6764x10™")cos(11.94t) —(7.6799x10"° )sin (11.94t)

X(t) =—(1.3x10"°)e°* cos(18.319t) - 0.6242¢ **'sin (18.319t)

+(8.6764x10™")cos(11.94t) —(7.6799x10"° )sin (11.94t)

(16)

(17)



2. fuaan X(t) mnaumsii (17)

%(t)=—(1.3x10"°)e®* [ —sin (18.319t)(18. 319]
+005(18.319t)| ~(1.3x10° )& ** (~0.9)
—~0.6242e °* [ cos (18.319t)(18.319)]
+sin (18.319t)| -0.6242¢ % (-0.9) |
+(8.6764x10™" )[—sin (11.94t)(11.94)]
—(7.6799x10"* ) cos (11.94t ) (11.94)

%(t)=0.5856e " sin(18.319t)-11.4335¢ °* cos(18.319t)
~0.0104sin (11.94t)—0.0917 cos (11.94t )

(18)



o a J X 4 a a ¢
m‘;mmm’smswmm'uﬁmﬁmmanﬂniiunmﬂummmgmﬂﬁmmm’a 13 14T

TOPPING J .05m
HOLLOW CORE 0.30 m
— %10 m 0.10”m4 -

13.00 m

i‘]J 6 LHANANNYNILLIDS ﬂ’JT?JWHTﬂJ@QLLNHWH

U

mﬁﬁmammﬁmmmﬁaﬂ ANULAL BAZANNTHI

W = 464Kg / m* = 464x1.2x% =3619.2kg

HC+TOPPING

1) amanuaes (M)

W _ 30192 _ 366 930kg/
g 1 S

2.) manuuds (K)

el E, =4270x 2.4 [f = 4270x 2.4*°/400 = 3.175x10° kg / m*
48E1 48(3.175x10°)(196326x10°°)
R 13°
sufs k =136186.08kg /m

azld =136186.08kg / m

3.) MANNKUI (C)

AINANNIT c=2mawé

Thed ( /136186 08 _ =19.213rad /s, £=5%=0.05
368.930

i o= 2(368 930 19 213)(0 05) 708.825kgf . E

dmnannaumsinilves Steady [X ; (t)]
NNAUNT mx(t) + cx(t) + kx(t) = F(t)
e mx(t)+ox(t)+kx(t) = F (t)

il F (t) = Py, cos(27if,,t)

Tavfl P, =0.7kN =% =71.356kg, o, =0.5 uaz f, =1.9Hz



wld  F(t)=71.356(0.5)cos(27(1)(1.9)t)
= 35.68c0s (11.94t)
sy a2 dauns mX (t)+cX(t)+kx(t) =35.68c0s(11.94t) (1)
ﬁ]Tﬂﬁllﬂﬁ‘ﬁ (1) UNUAI m,C, k asluaunis ﬁ]xulﬁj
368.930%(t)+708.825% (t) +136186.08x(t) = 35.68cos(11.94t) )

auudli X(t) = Asin(11.94t)+ Bcos(11.94t)
w2l X(t) = Asin(at)+ Bcos(wt)

X(t) = wAcos(wt)—wBsin(wt)

%(t) = -’ Asin(wt) - 0’Bcos(at) = -’ [ x(t)]
unua X(t),x(t), X(t) asaumsh 2) 9214
368.930| —’ Asin (at) - B cos (et )] + 708.825] @Acos(ot) - wBsin(t)]
+136186.08[ Asin (st ) + B cos (ot )] = 35.68c0s( wt)
A sin(wt) 9214
~368.9300° Asin (wt) — 708.8250B sin (wt ) +136186.08 Asin (ot
[ -368.930° A—708.8250B +136186.08A |sin (et) = 0

0

TaeN  ©=1194rad /s

w2l [-368.930(11.94)* A—708.825(11.94) B +136186.08A | =0

—52595.99A -8463.37B +136186.08A =0
83590.09A-8463.37B =0 (3)

faft cos(at) azld

~368.9300°B cos(wt ) + 708.825wAcos (wt ) +136186.08B cos (wt ) = 35.68cos( wt)
[-368.9300°B + 708.8250A+136186.08B | cos ot ) = 35.68.c0s (et )

Taoli  ©=11.94rad /s

w14 —368.930 (11.94)2 B +708.825 (11.94) A+136186.08B =35.68
—52595.99B +8463.37 A+136186.08B = 35.68
8463.37 A+83590.09B = 35.68 4)



Meumsh (3) uag (4) muluia A, B Iae7s Matrix
fuiuaeld A=4.2779x10°
B=4.2251x10"*

M &(t) 1aoN w=11.94rad /s

v21& X(t) = -0 x(t)]=-(11.94) [ x(1)]

1R X(t) nauns
x(t) = Asin(ot)+Bcos(at) (5)

unua1 A, Basaums 1@

X, (t)=(4.2779x10°° )sin (11.94t) +(4.2251x10™* ) cos (11.94t) (6)
msfIaauns i 1Uved Transient [x(1)]
1 X, (t) 910

mx(t)+ cx(t) + kx(t) =0 ™)
Dnaumsii (7) unum m, ¢,k asluaums 1l

368.930(t)+ 708.825x (1) +136186.08x () = 0 ®)
13 368.930 Aaoaduns 1214

(t)+1.92X(t)+ 369.138x(t) = 0 ©)
fmuald x(t)=D
wld  D’+1.92D+369.138=0 (10)
heumsii (10) mdaue D Tae3s Matrix

wld D, =-0.96+19.189i
D, =—0.96-19.189i

[

FagUunuaunsvesat D iiu a+bi aniuezldm a=-0.96 1Az b =19.189
NAUNIT X, = Ae™™ cos(bt)+ Be ™ sin(ht) (11)
unuA a,b asaumsh (1) ald

X, = Ae* c0s(19.189t ) + Be™** sin (19.189t) (12)



MsfmuIMmIaNms X(t)
NNAUMST X(t)=x,(t)+x,(t) (13)
AN (6) ez (12) aserumsi (13) 1218
X(t) = Ae** c0s(19.189t ) +Be **" sin (19.189t)
+(4.2779x10°° )sin (11.94t) +(4.2251x10* ) cos (11.94t) (14)

Initial Displacement 31NTY 5N (14)

fnuald
d 5 wL* 4
nIaIn 1 X( )Zﬁﬁ Tagn w=385x1.2=462kg/m, L=12.8m
4
x(0)=5 462x12.8 _ 0.031m
384 (3.175x109)(196326x10’8)
d PL 4
NIaIN 2 x(0)= 18E1 Tagn P =71.356kg, L=12.8m
3
X(O) 71.356x%x12.8 _ 0.0005m

~ 48(3.175x10°) (196326 x10°°)
=Y x(0)=0.031+0.0005 = 0.0315m
wld  x(0)= Ae”cos(0)+Be sin(0)+ (4.2779><10‘5)sin (0)
+(4.2251x10* ) cos (0)

0.0315 = A+(4.2251x10—4)
- A=0.0311
MNEUMIN (14) Hmsm X(t)

X(t) = Ae"*'[~sin(19.189t)(19.189)] +cos (19.189t)[ (-0.96) Ae***" |
+Be %[ cos(19.189t)(19.189) | +sin (19.189t)| (~0.96) Be "' |
+(4.2779%10°° ) [cos (11.94t)(11.94)] +(4.2251x10™*)| —sin (11.94t)(11.94) |
X(t) =-19.189Ae*** sin (19.189t) — 0.96 Ae *** cos(19.189t)
+19.189Be°**' cos(19.189t ) —0.96Be *** sin (19.189t)
+(5.1078x10™*) cos (11.94t) —(5.0448x10°° )sin (11.94t ) (15)



Initial Displacement MNAUNTN (15)
vl x(t)=0

wld  %(0)=-19.189Ae ’sin(0)-0.96 Ae® cos(0)+19.189Be " cos(0)

—0.96Be " sin (0) +(5.1078x10™* ) cos(0) —(5.0448x10"* )sin (0)

X(0)=—0.96A+19.189B +(5.1078x10™*)
U A=0.0311 14
0=-0.96(0.0311)+19.189B +(5.1078x10™*)

0=-0.0298+19.189B + (5.1078><10_4)
. B =0.0015
unuar A=0.0311,B =0.0015 asluaunisn (14) az'ld

x(t) =0.0311e™°*" cos(19.189t)+0.0015e *** sin (19.189t)
+(4.2779x10°° )sin (11.94t) +(4.2251x10* ) cos (11.94t)
msfuumaums [ x(t)] uag [%(t)]

LA [ x(t)] INANNIT (16)

X(t)=0.0311e %[ —sin(19.189t)(19.189) |
+¢0s(19.189t)[ (0.0311)e** (-0.96) |
+0.0015¢ **** [ cos(19.189t)(19.189) |
+sin (19.189t)[ (0.0015)e**" (-0.96) |
+(4.2779x10°° ) [cos (11.94t)(11.94)]
+(4.2251x10™")[-sin (11.94t)(11.94)]

%(t) =-0.5968e*" sin(19.189t) —0.0299e *** cos (19.189t)
+0.0288e °*** c0s(19.189t) —(1.44x10° ) e *** s5in (19.189t)
+(5.1078x10*)cos (11.94t) —(5.0448x10 ° )sin (11.94t )

%(t) =-0.0011e*** cos(19.189t ) —0.5982e *** sin (19.189t )
+(5.1078x10™*) cos (11.94t) —(5.0448x10°° )sin (11.94t )

(16)

(17)



2. fuaan X(t) mnaumsii (17)
%(t)=-0.0011e *** [ —sin (19.189t)(19.189) |
+¢c0s(19.189t)[ ~0.0011e°** (~0.96) |
~0.5982e °*** [ cos(19.189t)(19.189) |
+sin (19.189t)[ -5982¢°*** (~0.96) |
+(5.1078x10™* )[—sin (11.94t)(11.94)]
—(5.0448x10"* ) cos (11.94t)(11.94)
%(t)=0.5954e "% sin (19.189t) —11.4777e °*" cos(19.189t )
—(6.0987 x10"* )sin (11.94t) - 0.0602 cos (11.94t )

(18)



o a d .&' A a a Y
ﬂ15ﬂ1u3m3!ﬂ‘5‘I%‘VMLN"NWM!‘MEN%'Iﬂ‘Wi]ﬂﬂii?Jﬂ1§!€l}ullﬂiﬁﬂﬂﬁﬂ31uﬂ13 8 U

TOPPING “0.05m
HOLLOW CORE 0.15m
o oo -
8.00 m

i‘]J 7 LAY ﬂ’JT?JWHTﬂJ@QLLNHWH

U

mﬁﬁmammﬁmmmﬁaﬂ ANULTL BAZANNHHI

Wi roppme = 334 kg /m? =334x1.2 xg =1603.2kg

1) MAmANuR e (m)
W 15992 1654069/ 0
g 9.81 S

2.) MAMANUNTI (k)

leil  E, =4270x2.4"°[1] = 4270% 2.4"°/400 = 3.175x10° kg / m*
48EI  48(3.175x10°)(28411x10°)

e 9°

sufs k =84567.12kg /m

azld =84567.12kg /m

3.) MIAANNKHIA (c)

AINANNIT c=2mawé

Thed \/7 /84567 12 =22.75rad /s, £=5%=0.05
259.021

‘i ¢ =2(163.42)(22.75)(0.05) = 371.75 kgf =

smnammanmsialives Steady [ %, (1)]
NNAUNS mx (t)+cx(t)+kx(t) = F (t)
il F (t) = Ry cos(27if,,t)

Tavi P, =0.7kN = % = 71.356Kg , o, =1.5 uaz f, = 2.375Hz



wld  F(t)=71.356(1.5)cos(27(1)(2.375)t)

=107.034cos(14.92t)
Yot agfaums  m(t)+cx(t)+kx(t) =107.034cos (14.92t) (1)
ﬁ]Tﬂﬁllﬂﬁ‘ﬁ (1) UNUAI m,C, k asluguns ﬁ]gul@a]j
163.42x(t) +371.75(t) +84567.12x(t) =107.92cos (14.92t ) )
auudli X(t) = Asin(11.94t)+ Bcos(11.94t)
w2l X(t) = Asin(at)+ Bcos(wt)

X(t) = wAcos(wt)—wBsin(wt)

%(t) = -’ Asin(wt) - 0’Bcos(at) = -’ [ x(t)]
unua X(t),x(t), X(t) asaumsh 2) 9214
163.42[ —” Asin (ot ) — B cos (wt)] +371.75] wAcos(ot) - wBsin(at)]
+84567.12[ Asin(wt)+ B cos (ot )] =107.034 cos (wt )
Anafi sin(ot) 1z 18
~163.420° Asin (wt) - 371.750Bsin (ot ) +84567.12 Asin (wt )
[ -163.420° A—371.7500B +84567.12A ]sin (11.94t) = 0

0

Tae  ©=14.92rad /s

weld  [-163.42(14.92)° A-371.75(14.92) B +84567.12A ] =0

—2438.22 A—5546.51B +84567.12A=0
48188.78 A—5546.51B =0 3)

faft cos(at) azld

~163.420°B cos(wt ) +371.75wAcos( wt ) +84567.12B cos(wt ) =107.034 cos ( wt)
[-163.420°B +371.75wA+84567.12B |cos(wt) =107.034cos (wt)

ool w=14.92rad /s

a2 ld —163.42(14.92)2 B+371.75(14.92) A+84567.12B =107.034
—2438.22B +5546.51A +84567.12B =107.034
5546.51A +48188.78B =107.034 4)



1aunN1sn 3) wag (@) vimuara A, B Tag2s Matrix
aajuagld A=25231x10"

B=21921x10"°
w1 X(t) Tath 0=14.92rad /s

2218 X(t) = -0 x(t)]=-(14.92) [ x(1)]
A1 X(t) nneunis
x(t) = Asin(at)+Bcos(wt) (5)

unua1 A, B asaums la

X, (t)=(2.5231x10"* )sin (14.92t) +(2.1921x10"* ) cos (14.92t) (6)
mafaumaunsia l1uod Transient [x(1)]
1 X, (t) 910

mx (t)+cx(t)+kx(t)=0 (7)
DnauMsf (7) unum m,c,k asluaums ag1d

163.42%(t)+371.75%(t) +84567.12x (1) = 0 (®)
13 163.42 AROATNNT 9218

X(t)+2.27%(t)+517.48x(t) =0 ©)
fmuald x(t)=D
1ld  D?+227D+517.48=0 (10)
haumst (10) A D Tne3s Matrix

wld D, =-1.135+22.7198i
D, =—1.135—22.7198i

[

FagUuuuaunsvesat D iiu a+bi suiuezldi a=-1.135 uaz b =22.7198
NAUNIT X, = Ae™™ cos(bt)+ Be ™ sin(ht) (11)
unuA a,b asaumsn (1) wld

X, = Ae* c0s(22.7198t ) + Be *** sin (22.7198t) (12)



MsfmuIMmIaNms X(t)
NNAUMST X(t)=x,(t)+x,(t) (13)
AN (6) ez (12) aserumsi (13) 1218
X(t) = Ae ™ cos(22.7198t )+Be*" sin(22.7198t)
+(2.5231x10*)sin (14.92t) +(2.1921x10 * ) cos (14.92t) (14)

Initial Displacement 31NTY 5N (14)

fnuald
d 5 wL* 4
nIaIn 1 x(0)=—— Tagn w=2335x1.2=400.8kg/m, L=7.8m
384 EI
4
x(0)=5 400.8x7.8 _0.0214m
384 (3.175><109)(28411><10’8)
d PL® 4
NIaIN 2 x(0)= Tagn P =71.356kg, L=7.8m
48EI|
3
X(0) 71.356x 7.8 _ 0.0008m

B 48(3.175x10°)(28411x10°°)
ZX(O) =0.0222+0.0005=0.0222m
wld  x(0)= Ae”cos(0)+Be sin(0)+ (4.1968><10‘5)sin (0)
+(5.7930x10*)cos (0)

0.0222 = A+ (5.7930x10-4)
. A=0.0216
MNEUMIN (14) Himsm X(t)

X(t) = Ae™"[~sin(22.7198t )(22.7198)] +cos(22.7198t )| (~1.135) Ae ™ |
+Be [ cos(22.7198t)(22.7198) | +sin (22.7198t)[ (~1.135) Be **' |
+(2.5231x10* )[cos(14.92t)(14.92)] +(2.192x10°°)[ —sin (14.92t)(14.92) |

%(t)=-22.7198Ae **" sin(22.7198t ) -1.135Ae ***" cos(22.7198t )
+22.7198Be ™" cos(22.7198t) -1.135Be ' sin (22.7198t)

+(3.7645x10°° ) cos (14.92t) - 0.03275in (14.92t ) (15)



Initial Displacement 310 &X ARE] (15)

Muali x(t)=0

wld  %(0)=-22.7198Ae’sin(0)-1.135A¢ " cos(0)+22.7198Be° cos(0)
—1.135Be°sin (0) + (3.7645x10‘3)cos(0) —0.0327sin(0)

%(0)=-1.135A+ 22.7198B+(3.7645x10‘3)
U A=0.0200 &
0=-1.135A+ 22.71988+(3.7645x10-3)

0=-0.0227 +22.7198B + (5.0110x1o-4)
. B =0.0008
unuar A=0.0200 , B =0.0008 asluaunin (14) az'ld

x(t) =0.02e ™% cos(22.7198t)+0.0008e*** sin (22.7198t)
+(2.5231x10™*)sin (14.92t) +(2.1921x10°* ) cos (14.32t)
msfnoamanms [ x(t)] wez [%(t)]
LA [ X(t) ] INANNIT (16)
X(t)=0.02e "% [ —sin(22.7198t)(22.7198) |
+c0s(22.7198t)| (0.02)e*** (~1.135) |
+0.0008¢ ** [ cos(22.7198t)(22.7198) |
+sin(22.7198t)[ (0.0008) e **** (~1.135) |
+(2.5231x10™ ) [cos (14.92t ) (14.92)]
+(2.1921x10°°)[-sin (14.92t ) (14.92)]
X(t)=-0.4544e " sin(22.7198t) - 0.0227e+"** cos(22.7198t)

+0.0189¢ % c0s(22.7198t ) —(9.4296 10 * ) e +**' sin (22.7198t)

+(3.7645x10°° ) cos (14.92t) - 0.0327sin (14.92t )
X(t) =—(3.8x107°)e™** cos (22.7198t) - 0.4553¢**** sin (22.7198t)

+(3.7645x107 ) cos (14.92t) — 0.0327sin (11.94t)

(16)

(17)



2. UMM E (L) Inaunsi (17)
X(t)=—(3.8x10°°)e [ —sin(22.7198t)(22.7198) |
+005(22.71981t)| -(3.8x107 )& (~1.135)
~0.4553¢ 1% [cos(22.7198t)(22.7198)]
+sin(22.7198t)[ —0.4553¢**** (~1.135) |
+(3.7645x10°° )[—sin (14.92t)(14.92)]
~0.0327 cos (14.92t)(14.92)
%(t)=0.6031e™"*" sin(22.7198t) -10.34e"** cos(22.7198t)
~0.0562sin (14.92t)—0.4878cos (14.92t) (18)



o a d .&' A a a Y
ﬂ15ﬂ1u3m3!ﬂ‘5‘I%‘VMLN"NWM!‘MEN%'Iﬂ‘Wi]ﬂﬂii?Jﬂ1§!€l}ullﬂiﬁﬂﬂﬁﬂ31uﬂ13 9 1UNT

TOPPING | .05m
HOLLOW CORE 0.20m
— %10 m 0.10*# ~

9.00 m

i‘]J 8 LAAIANNYNILIDS ﬂ’JﬂJWHTﬂJ@QLLNHWH

U

ﬂ1§ﬁ11r!?)ﬂ!‘l"i1ﬁhﬂ?)1ll!$i’)ﬂ mmwﬁa ummmﬁﬂaa
Wic.romems =350 kg /m?=334x1.2x % =1890kg

1) MAmANuReH (m)
m:v_v 1890_19266kg/—
g 981

2.) MIAANUNTI (k)
il E, =4270x2.4*5 [f/ = 4270x 2.4°\/400 = 3.175x10° kg / m?

48EI  48(3.175x10°)(59557x10°)
B o°
sufs k =124505.99kg /m

azld =124505.99kg / m

3.) MIAANNKHIA (¢)

AINANNIT c=2mawé

Thed ( /124505 99 _ =25.42rad /s, £=5%=0.05
192.66

o

Fos  c=2(192.66)(25.42)(0.05) = 489.74 kgf 'H

dmnannaumsinilves Steady [xp (t)]
VINTUNT mx (t)+cx(t)+kx(t) = F (t)
il F (t) = Py, cos(27if,t)

Tavi P, =0.7kN = % = 71.356Kg , o, =1.5 uaz f, = 2.375Hz



wld  F(t)=71.356(1.5)cos(27(1)(2.375)t)
=107.034cos(14.92t )
Yot agfaums  m(t)+cx(t)+kx(t) =107.034cos (14.92t) (1)
fl]Tﬂﬁllﬂﬁ‘ﬁ (1) UNUAI m,C, k asluguns ﬁ]xul@a]j
192.66% (t) +489.74% (t) +124505.99x (t) =107.034 cos (14.92t ) @)

auudli X(t) = Asin(11.94t)+ Bcos(11.94t)
w2l X(t) = Asin(at)+ Bcos(wt)

X(t) = wAcos(wt)—wBsin(wt)

%(t) = -’ Asin(wt) - 0’Bcos(at) = -’ [ x(t)]
unua X(t),x(t), X(t) asaumsh 2) 9214
192.66| —” Asin (t) - ”B cos (ot )]+ 289.74] wAcos(et) - wBsin(at)]
+124505.99[ Asin (@t )+ B cos (wt )] = 35.68cos ( wt)
Anafi sin(ot) 1z 18
~192.66 Asin (wt) - 489.74Bsin (wt ) +124505.99 Asin (wt)
[ -192.660° A—489.740B +124505.99A |sin (at) = 0

0

Tag  ®=14.92rad /s

veld  [-192.66(14.92)? A-489.74(14.92) B +124505.99A | =0

—42887.35A—7306.92B +124505.99A =0
81618.64A—-7307.37B=0 (3)

faft cos(at) azld

~192.66°B cos(wt) + 489.74wAcos (wt ) +124505.99B cos (wt ) =107.034 cos( wt)
[~192.6600°B + 489.74wA+124505.99B | cos at) =107.034cos et )

Taoli  ©=14.92rad /s

a2 ld —192.66(14.92)2 B+ 489.74(14.92) A+124505.99B =107.034
—42887.35B + 7306.92 A +124505.99B = 35.68
7306.92A+81618.64B =107.034 4)



1aunN1sn 3) wag (@) vimuara A, B Tag2s Matrix
aajuagld  A=1.1648x10"

B=1.3010x10"3
w1 X(t) Tath =14.92rad /s

2218 X(t) = -0 x(t)]=-(14.92) [ x(1)]
A1 X(t) nneunis
x(t) = Asin(at)+Bcos(wt) (5)

unuar A, Basaunsla

X, (t) =(1.1648x10™")sin (14.92t) +(1.3010x10" ) cos (14.92t ) (6)
mafaumaunsia l1uod Transient [x(1)]
1 X, (t) 910

mx (t)+cx(t)+kx(t)=0 (7)
DnauMsf (7) unum m,c,k asluaums ag1d

192.66%(t)+489.74% () +124505.99x (1) = 0 (®)
115 192.66 AaeAdNMs 9218

X(t)+2.54%(t)+646.25x(t) =0 ©)
fmuald x(t)=D
11d  D’+254D+646.25=0 (10)
heaumsi (10) dIun D Tay33 Matrix

wld D, =-1.27 +25.3897i
D, = —1.27 — 25.3897i

[

JagUuuuaunsvesat Dy a+bi awiuez1dn1 a=-1.27 uag b =25.3897
NAUNIT X, = Ae™™ cos(bt)+ Be ™ sin(ht) (11)
unum a,basaumsh (1) ala

X, = Ae*"" c0s(25.3897t) + Be *"* sin (25.3897t) (12)



MIMUIUNTUNT x()

NNTUNIT

x(t) = xp(t) + x,(t) (13)

UNUFUNITN (6) 1A (12) adaumsn (13) az'la

X(t)= Ae™*" cos(25.3897t)+Be " sin(25.3897t)

+(1.1648x10™* )sin (14.92t) +(1.3010x10"* ) cos (14.92t) (14)

Initial Displacement 31NTY 5N (14)

) Y
Mriualv

o
NN 1

x(0)

5 wL* 4
x(0)=—— Tagn w=350x1.2=420kg/m, L=8.8m
384 EI
4
X(0)= 5 400.8x8.8 —0.0173m
384 (3.175x109)(59557x10*8)
PL 4
x(0)= Tasf P =71.356kg, L=8.8m
48E|

71.356x8.8°

~ 48(3.175x10°) (59557 x10°) 0.0005m

=3 'x(0) = 0.0173+0.0005 = 0.0178m

a8 x(0) = Ae®cos(0)+Be°sin(0)+ (2.2076><10’5)sin (0)

+(3.6635x10*)cos(0)

0.0178 = A+(1.3010><10*3)
. A=0.0165
MNAUMIN (14) MmMsH X (t)

X(t) = Ae™*"[-sin(25.38971)(25.3897)] +cos(25.3897t)[ (~1.27) Ae ™" ]
+Be "' cos(25.38971)(25.3897) | +sin (25.3897t)[ (~1.27) Be " |
+(1.1648x10* ) [cos (14.92t) (14.92)] +(1.3010x10°° )| —sin (14.92t)(14.92) |
%(t) =—25.3897 Ae **"" sin(25.3897t) —1.27 Ae **"" cos (25.3897t)
+25.3897Be %" cos(25.3897t)-1.27Be™*" sin (25.3897t)

+(1.7379x107 ) cos (14.92t) - 0.0194sin (14.92t) (15)



Initial Displacement 310 &X ARE] (15)

Muali x(t)=0

wld  %(0)=-25.3897Aesin(0)-1.27 Ae° cos(0)+25.3897Be° cos(0)

~1.27Be sin(0)+(1.7379x10"* ) cos(0) —0.0194sin (0)
%(0)=-1.27A+25.3897B +(1.7379x10"°)
U A=0.0165 1@
0=-1.27(0.0165)+ 25.3897B +(1.7379x10"°)

0=-0.0210+ 25.3897B + (1.7379 x10-3)
. B =0.0008
unuar A=0.0165,B =0.0008 asluaumsn (14) a2'ld

x(t)=0.0165e*" cos(25.3897t)+0.0008e *" sin (25.3897t )
+(1.1648x10™* )sin (14.92t) +(1.3010x10"* ) cos (14.92t)
msfnoamanms [ x(t)] wez[ x(t)]
1.ATUIUIN X(t) ﬁ]Wﬂﬁllﬂﬁ‘ﬁ (16)
X(t)=0.0165e " [ —sin (25.3897t)(25.3897) |
+c0s(25.3897t)[ (0.0165)e " (~1.27) |
+0.0008e **"'[ cos(25.38971)(25.3897) |
+sin(25.38971)[ (0.0008)e**" (-1.27) |
+(1.1648x10™*)[cos (14.92t) (14.92)]
+(1.3010x10°* )[—sin (14.92t)(14.92)]
%(t) =-0.4189e *"" sin(25.3897t) - 0.021e **"" cos( 25.3897t)

+0.0192¢ **" cos(25.3897t) —(9.6124x10™* ) e "' sin (25.3897t)

+(1.7379x107 ) cos (14.92t) - 0.0194sin (14.92t)
X(t) =—(1.8x10" )& cos(25.3897t) - 0.4199¢ " sin (25.3897t)

+(1.7379x107 ) cos (11.94t) - 0.0194sin (14.92t)

(16)

(17)



2. fmamn X(t) mnaumsii (17)

%(t)=—(1.8x10"°)e " [ —sin(25.3897t)(25.3897) |
+005(25.3897t)| ~(1.8x107 )¢ (-1.27)
~0.4199e %" [ cos(25.3897t)(25.3897) |
+5in(25.3897t)[ ~0.4199 " (-1.27) ]
+(1.7379x10°° )[-sin (14.92t) (14.92)
~0.0194cos(14.92t)(14.92)

%(t)=0.5790e %" sin (25.3897t ) -10.6588¢ **"" cos (25.3897t)
~0.0259sin (14.92t)—0.2894 cos (14.92t )

(18)



o a d .&' A a a Y
ﬂ15ﬂ1u3m3!ﬂ‘5‘I%‘VMLN"NWM!‘MEN%'Iﬂ‘Wi]ﬂﬂii?Jﬂ1§!€l}ullﬂiﬁﬂﬂﬁﬂ31uﬂ13 10 14A3

TOPPING .05 m
HOLLOW CORE 0.20m
A o 010 -
10.00 m

i‘]J 9 UHANANNYNILLDS ﬂ’JT?JWHTﬂJ@QLLNHWH

U

miﬁmammﬁmamgﬁaﬂ ANULAL BAZANNTIHI

10

Wisc.rormme =350 kg /m*=334x1.2x= - = 2100kg

1) MAmANueH (m)
m= 29 _ 514 o7kgs ™
g 981 S

2.) MAMANNNGA (k)
T E, =4270x2.4"° [/ =4270x2.4"°/400 = 3.175x10° kg / m?
48EI  48(3.175x10°)(59557x10°)
R 10°
sufs k=90764.87kg /m

azld =90764.87kg/m

3.) MAMANNTIHA (c)

AINANNIT c=2mawé

Thed \/7 /90764 87 _ =20.59rad /s, £=5%=0.05
214.07

o

Wi ¢ =2(214.07)(20.59)(0.05) = 440.77 kgf =

smnammanmsialives Steady [ X, (1)]
Mneuns mK(t)+cox(t)+kx(t)=F(t)
il F (t) = Ry cos(27if,t)

Tavi P, =0.7kN = % = 71.356Kg , o, =1.5 uaz f, = 2.375Hz



wld  F(t)=71.356(1.5)cos(27(1)(2.375)t)
=107.034cos(14.92t )
Yot agfaums  m(t)+cx(t)+kx(t) =107.034cos (14.92t) (1)
%Tﬂﬁﬂﬂﬁ‘ﬁ (1) UNUAI m,C, k asluguns ﬁ]xulﬁl
214.07%(t)+440.77%(t) +90764.87x(t) =107.034 cos (14.92t) )

auudli X(t) = Asin(11.94t)+ Bcos(11.94t)
w2l X(t) = Asin(at)+ Bcos(wt)

X(t) = wAcos(wt)—wBsin(wt)

%(t) = -’ Asin(wt) - 0’Bcos(at) = -’ [ x(t)]
unua X(t),x(t), X(t) asaumsh 2) 9214
214.07[ —o’ Asin(ot) - &’B cos (ot )] +440.77] @Acos(at) - oBsin(at)]
+90764.87[ Asin(wt)+ B cos(wt )] =107.034 cos ( wt)
Anaft sin(ot) 1z 18
~214.07 Asin (wt) —440.77wBsin (ot ) + 90764.87 Asin (et ) = 0
[ -214.070° A—440.77B +90764.87 A ]sin (et) =0
Taohi  w=14.92rad /s

veld  [-214.07(14.92)” A-440.77(14.92) B+90764.87A] =0

—47653.35—6576.29B +90764.87A=0
43111.52A—-6576.29B =0 (3)

fafi cos(ot)az1d

—214.07B cos(wt ) +440.77wAcos (wt)+90764.87B cos (wt ) =107.034 cos ( wt)
[~214.07°B +440.77wA+90764.87B | cos (wt) =107.034cos ()

Taof o =14.92rad /s

wld  —214.07 (14.92)2 B +440.77 (14.92) A+90764.87B =107.034
—47653.35B + 6576.29A +90764.87B = 35.68
6576.29A+43111.52B =107.034 4)



1aunN1sn 3) wag (@) vimuara A, B Tag2s Matrix
aajuagld  A=3.7011x10™

B =24263x107°
NI X'(t)TmJﬁ o=14.92rad /s

2218 X(t) = -0 x(t)]=-(14.92) [ x(1)]
1A X(t) 9Ineuns
x(t) = Asin(at)+Bcos(wt)

unuar A, Basaunsla

X, (t)=(3.7011x10*)sin (14.92t) +(2.4263x10"* ) cos (14.92t)
mafaumaunsia l1uod Transient [x(1)]
1 X, (t) 910

mx (t)+cx(t)+kx(t)=0
DnauMsf (7) unum m,c,k asluaums ag1d

214.07%(t)+440.77%(t)+90764.87x(t) = 0
W13 214.07 AaeATuMs 9218

X(t)+2.06%(t)+424x(t)

0
fmuald x(t)=D

wla  D?+2.06D+424=0

vhaunsi (10) nfuammA D 1ag3% Matrix

wla D, =-1.03+20.5655i
D, = —1.03— 20.5655i

[

FagUunuaunsvesnt Dy a+bi awiuez 1dA1 a=-1.03 uag b = 20.5655
NNANMT X, = Ae™™ cos(bt)+ Be ™ sin(ht)
unua a,basaunsi (11) w14

X, = Ae™® cos(20.5655t ) + Be +** sin (20.5655t)

()

(6)

(7)

(®)

©)

(10)

(1D

(12)



MsfmuIMmIaNms X(t)
NNAUMST X(t)=x,(t)+x,(t) (13)
AN (6) ez (12) aserumsi (13) 1218
x(t)= Ae ™" cos(20.5655t )+Be** sin(20.5655t )
+(3.7011x10* )sin (14.92t) +(2.4263x10 ) cos (14.92t) (14)

Initial Displacement 31NTY 5N (14)

fvuald
ad 5 wL* o
nIaIn 1 x(0)=—— Taeh w=350x1.2=420kg/m, L=9.8m
384 EI
4
x(0) =~ x 420>9.8 ~0.0267m
384 (3.175x10°)(59557x10°°)
ad PL® o
NIaIN 2 x(0)= Tagn P =71.356kg, L=9.8m
48El
3
X(0) 71.356x9.8 10,0007

~ 48(3.175x10°) (59557 x10°°)
=Y x(0)=0.0173+0.0005 = 0.0274m
118 x(0)= Aecos(0)+Be™sin (0)+(3.7011x10*)sin(0)
+(2.4263x10°)cos (0)

0.0274 = A+(2.4263><10‘3)
- A=0.025
VINANNTN (14) MNTHI % (¢)

X(t) = Ae™"[-sin(20.5655t )(20.5655)] +cos (20.5655t)[ (~1.03) Ae™**" |
+Be ™[ cos(20.5655t ) (20.5655) | +sin (20.5655t)[ (~1.03) Be ™ |
+(3.7011x10* )[cos (14.92t ) (14.92)] +(2.4263x10 ° )| —sin (14.92t)(14.92) |
X(t)=—-20.5655A¢ ™ sin(20.5655t) —1.03Ae ™ ** cos(20.5655t )
+20.5655Be ™ cos(20.5655t) —1.03Be ™ sin (20.5655t)

+(5.5220x10°*) cos (14.92t) —0.0362sin (14.92t ) (15)



Initial Displacement 310 &X ARE] (15)

Muali x(t)=0

wld  x(t)=-20.5655Ae °sin(0)—1.03Ae ™ cos(0)+20.5655Be "’ cos(0)

~1.03Be "sin (0) +(5.5220x10"* ) cos(0) —0.0362sin (0)
%(0)=-1.03A+20.5655B +(5.5220x10°°)
UM A=0.025 18
0=-1.03(0.025) +20.5655B +(505220x10"°)

0=-0.0258+20.5655B +(5.5220><10-3)
-.B=0.001
unuar A=0.0250 , B =0.001asluaunsn (14) az'la

x(t) =0.025e™** cos(20.5655t )+0.001e™** sin (20.5655t )
+(3.7011x10™* )sin (14.92t) +(2.4263x 10" ) cos (14.92t)
msfnoamanms [ x(t)] wez [%(t)]

L X(t) DINAuMsi (16)

X(t)=0.025e %[ —sin (20.5655t ) (20.5655) |
+¢0s(20.5655t )[ (0.025)e ™™ (~1.03) |
+0.001e % [ cos(20.5655t ) ( 20.5655) |
+sin (20.5655t)[ (0.001)e ™™ (~1.03)]
+(3.7011x10™*) [cos (14.92t ) (14.92)]
+(2.4263x10°® )[sin (14.92t)(14.92)]

%(t) =-0.5141e ™" sin(20.5655t ) — 0.0258e** cos(20.5655t )
+0.0202¢ % c0s(20.5655t ) —(1.0131x10"* ) *** sin (20.5655t)
+(5.5220x10°*) cos (14.92t) —0.0362sin (14.92t )

X(t) =—(5.6x10"*)e™*** cos(20.5655t) —0.5151e ™ sin (20.5655t)

+(5.5220x10°*) cos (14.92t) —0.0362sin (14.92t )

(16)

(17)



2. fuaan X(t) mnaumsii (17)

%(t)=—(5.6x10")e ™[ —sin(20.5655t)(20.5655) |
+005(20.5655t)| ~(5.6x10*)e™** (~1.03)
~0.5151e %[ cos(20.5655t ) (20.5655) |
+sin(20.5655t)[ ~0.5151e " (~1.03) ]
+(5.5220x107* )[—sin (14.92t)(14.92)]
~0.0362cos(14.92t)(14.92)

%(t)=0.6457e ™% sin (20.5655t ) —10.5875¢ ** cos(20.5655t )
~0.0824sin (14.92t) - 0.5401cos (14.92t )

(18)



o a d .&' A a a Y
ﬂ15ﬂ1u3m3!ﬂ‘5‘I%‘VMLN"NWM!‘MEN%'Iﬂ‘Wi]ﬂﬂii?Jﬂ1§!€l}ullﬂiﬁﬂﬂﬁﬂ31uﬂ13 11 4R35

K

TOPPING 05m
HOLLOW CORE 0.25m
— %10 m 0.10”# -
11.00 m

] Y
qi"ﬂ‘ﬁ 10 Llﬁﬂ\iﬂ’ﬂllEJTJLLﬁ%ﬂ’N?JWHNJ@QLLWHWdH

ﬂ1§f’°|11r!’r]ﬂ!‘i’i1?hﬂ’r)1ll!$i’)ﬂ ANULAL BAZANNTHIG

= 385kg / m? = 385><1.2><1—21 = 2541Kg

WHC+TOPPING

1.) MIAIANNDBE

W _ M o59.021kg/
g 981 S

2.) MMANNNDA (k)
et E, =4270x 2.4 [/ = 4270x 2.4*°\/400 = 3.175x10° kg / m?
48E1  48(3.175x10°)(107781x10°)
R 11°
sufs k =123409.65kg /m

azld =123409.65kg /m

3.) MAMANNTIHIA (c)

AINANNIT c=2mawé

fartu \F /123409 05 _21.828rad /s, £=5%=0.05
259.021

o

fufu o= 2(259 021 21 828 (0 05) 565. 391kgf —
m

dmnannaumsinilves Steady [X (t) ]
vneuns mX(t)+cx(t)+kx(t) = F(t)

il F (t) = Py, cos(27if,t)

Tavi P, =0.7kN = % = 71.356Kg , o, =1.5 uaz f, = 2.375Hz



wld  F(t)=71.356(1.5)cos(27(1)(2.375)t)
=107.034cos(14.92t )
Yot agfaums  m(t)+cx(t)+kx(t) =107.034cos (14.92t) (1)
ﬁ]Tﬂﬁllfﬂi‘ﬁ (1) UNUAI m,C, k asluaums ﬁ]xul@a]j
250.021% (t) +565.391% (t) +123409.65x (t) =107.034cos (14.92t) (2)

auudli X(t) = Asin(11.94t)+ Bcos(11.94t)
w2l X(t) = Asin(at)+ Bcos(wt)

X(t) = wAcos(wt)—wBsin(wt)

%(t) = -’ Asin(wt) - 0’Bcos(at) = -’ [ x(t)]
unua X(t),x(t), X(t) asaumsh 2) 9214
259.021] —w” Asin (ot ) — ©”B cos(t )] +565.391] @Acos(wt) - wBsin(wt)]
+123409.65[ Asin (wt) + B cos(wt )] =107.034 cos (et )
A sin(wt) 9214
~259.0210° Asin (wt ) -565.391wB sin (@t ) +123409.65Asin (wt) = 0
[ -259.020° A—565.3910B +123409.65A |sin (wt) = 0

Tae  ©=14.92rad /s

weld  [-250.021(14.92)* A-565.391(14.92) B +123409.65A | =0

—57659.73A—8435.63B +123409.65A =0
65749.92 A—8435.63B =0 (3)

faft cos(at) azld

~259.020°B c0s (@t ) +565.39wAcos (wt ) +123409.65B cos (wt ) =107.034 cos( wt)
[-259.02100°B +565.391A +123409.65B |cos (et) =107.034cos et

Taoli  ©=14.92rad /s

a2 ld —259.021(14.92)2 B+ 565.391(14.92) A+123409.65B =107.034
—57659.73B +8435.63A+123409.65B =107.034
8435.63A+ 65749.92B =107.034 4)



Meumsh (3) uaz (4) mulurina A, B Iae7s Matrix
fufuagld A=2.0547x10"
B =1.6015x10"°

e #(t) Tef o =14.92rad /s
w1d %(t) =0 [ x(t)]=-(14.92) [ x(1)]
1R X(t) nauns
x(t) = Asin(awt)+Bcos(wt)
unua1 A, Basaums 1@
X, (t)=(2.0547x10"*)sin (14.92t) +(1.6015x10"* ) cos (14.92t)
mssmnamanmsiallves Transient| X (t) |
1 X, (t) 910
mx (t)+cx(t)+kx(t)=0
DInaumsi (7) unum m, ¢,k asluauns 928
250.021% (t) +565.391X(t) +123409.65x t) = 0
13 259.021 Aaeadauns 1218
%(t)+2.18%(t)+476.45x (t) =0
fmuald x(t)=D
wld  D?+218D+476.45=0
heumsii (10) mdauma D Tae3s Matrix

wld D, =-1.09+21.800i
D, = —1.09 — 21.800i

vagluuvaumsvesm Dy a+bi fariuaz g a=-1.09 11az b = 21.800

NNAUNT X, = Ae™™ cos(bt)+ Be ™ sin(ht)
UNUAT abasaumsn (11) 9z 1d

X, = Ae %" cos(21.800t ) + Be " sin(21.800t)

&)

(6)

(7)

(®)

©)

(10)

(1D

(12)



MsfmuIMmIaNms X(t)
NNAUMST X(t)=x,(t)+x,(t) (13)
UNUFUNITN (6) 1A (12) adaumsn (13) a2'ld

x(t) = Ae™*" cos(21.800t )+Be ™™ sin (21.800t)
+(2.0547x10™* )sin (14.92t) +(1.6015x 10 * ) cos (14.92t ) (14)

Initial Displacement 31NTY 5N (14)

fnuald
d 5 wL* 4
nIaIn 1 x(0)=——— Tagh w=385x1.2=462kg/m, L=10.8m
384 EI
4
x(0)=-5 462x10.8 0024
384 (3.175><109)(107781><10’8)
d PL3 4
NIaIN 2 x(0)= Tagn P =71.356kg, L=10.8m
48E|
3
X(O) 71.356%10.8 _ 0.0005m

~ 48(3.175x10°)(107781x10°°)
=Y x(0)=0.024+0.0005 = 0.0245m
wld  x(0)= Ae”cos(0)+Be sin(0)+ (2.0547 x107*)sin(0)
+(1.6015x10* ) cos (0)

0.0245 = A+(1.6015><10‘3)
oo A=0.0229
MNEUMIN (14) Himsm X(t)

X(t) = Ae™*[-sin(21.800t)(21.800)] +cos(21.800t )[ (-1.09) Ae " |
+Be ™' cos(21.800t)(21.800) | +sin(21.800t)[ (~1.09) Be " |
+(2.0547x10™* )[cos (14.92t) (14.92)] +(1.6015x10°°)[ —sin (14.92t)(14.92) |
%(t) =-21.800Ae™*"sin(21.800t) —1.09Ae **" cos(21.800t)
+21.800Be** cos(21.800t) —1.09Be** sin (21.800t )
+(3.0656x10") cos (14.92t) —0.0239sin (14.92t ) (15)



Initial Displacement 310 &X ARE] (15)

Muali x(t)=0

wld  x(0)=-21.800Aesin(0)-1.09Ae ™ cos(0)+21.800Be’ cos(0)

~1.09Be™sin(0)+(3.0656 x 10" cos (0) — 0.0239sin (0)
%(0) =—1.09A+21.800B +(3.0656 x10™°)
unu A=0.0229 4
0=-1.09(0.0229)+21.800B +(3.0656x10~°)

0=-0.0259+21.800B + (3.0656 ><10_3)
. B=0.0010
unuar A=0.0229 ,B =0.0010 asluaunisn (14) az'ld

x(t) =0.0229e™* cos(21.800t)+0.0010e " sin (21.800t )
+(2.0547x10™* )sin (14.92t) +(1.6015x 10 * ) cos (14.92t )
msfnoamanms [ x(t)] wez [%(t)]

LA [ X(t) ] INANNIT (16)

X(t)=0.0229e % [ —sin(21.800t)(21.800) ]
+cos(21.800t)| (0.0229)e™** (~1.09) |
+0.0010e %' cos(21.800t )(21.800) |
+sin(21.800t)[ (0.0010)e ™" (~1.09) |
+(2.0547x10™* )[cos (14.92t) (14.92)]
+(1.6015x10°° )[—sin (14.92t)(14.92)]

X(t) =-0.4992e*" sin(21.800t) — 0.0250e ™ cos(21.800t )
+0.0218e %" cos(21.800t ) — (1.09 x107° ) e 1% sin(21.800t)
+(3.0656x10°) cos (14.92t) —0.0239sin (14.92t )

X(t) =-0.0032e*" cos(21.800t ) — 0.5003¢ " sin (21.800t)

+(3.0656x10"*) cos (14.92t) —0.0239sin (14.92t )

(16)

(17)



2.MUIUN x(t) DINauMsi (17)
%(t)=-0.0032¢ "' [ —sin(21.800t)(21.800) |
+cos(21.800t)[ ~0.0032¢™** (~1.09) |

~0.5003e " cos (21.800t ) (21.800) | +sin (21.800t)[ ~0.5003¢ ** (~1.09) |

+(3.0656x10°°)[ —sin (14.92t)(14.92)] - 0.0239] cos(14.92t)(14.92)]
X (t)=0.0698e %" sin(21.800t)+ (3.488 x107° ) e %" cos(21.800t)
~10.9065e % cos(21.800t ) +0.5453¢ " sin (21.800t )
—~0.0457sin (14.92t) - 0.3566 cos (14.92t )
%(t) =0.6151e**"sin(21.800t ) —10.9030e ***" cos (21.800t )
—~0.0457sin (14.92t) — 0.3566 cos (14.92t )

(18)



o a d .&' A a a Y
ﬂ15ﬂ1u3m3!ﬂ‘5‘I%‘VMLN"NWM!‘MEN%'Iﬂ‘Wi]ﬂﬂii?Jﬂ1§!€l}ullﬂiﬁﬂﬂﬁﬂ31uﬂ13 12 14R3

TOPPING —005m
HOLLOW CORE 025m
™ %10 m o.1oﬂ =
12.00 m

] ;4
qi"ﬂ‘ﬁ 11 uﬁmmmﬂnuazmmwmmmuwuﬁu

ﬂ1§f’°|11r!’r]ﬂ!‘i’i1?hﬂ’r)1ll!$i’)ﬂ AN BAZANNTHI

12

W =385kg/m2=385x1.2><?=2772kg

HC+TOPPING

: A
1.) HiMANNRY (m)

W _2772 _ g7 560kg /™
g 981 S

2.) MMANNNGA (k)

Tafl  E, =4270x2.4*5 [/ = 4270x 2.4°\/400 = 3.175x10° kg / m’
_ 48EI _ 48(3.175x10°)(107781x10°°)
L 12°

Aaiu k =95056.85kg / m

aLld

—95056.85kg / m

3.) MAMANNTIHIA (c)

AINANNIT c=2mawé

Azl coz\/zz /leamlrad /s, £=5%=0.05
m 282.569

fus ¢ =2(282.569)(18.341)(0.05) = 518.260kgf %

smnammanmsialives Steady [ X, (1)]
vnaums mx(t)+cx(t)+kx(t)=F(t)
e F (t) = Pyex; cos(27if,t)

Tavi P, =0.7kN = % = 71.356Kg , o, =1.5 uaz f, = 2.375Hz



wld  F(t)=71.356(1.5)cos(27(1)(2.375)t)
=107.034cos(14.92t )
Yot agfaums  m(t)+cx(t)+kx(t) =107.034cos (14.92t) (1)
mﬂﬁllfﬂi‘ﬁ (1) UNUAI m,C, k asluguns ﬁ]xulﬁl
282.569% (t) +518.260% (t) +95056.85x () =107.034 cos (14.92t) @)

auudli X(t) = Asin(11.94t)+ Bcos(11.94t)
w2l X(t) = Asin(at)+ Bcos(wt)

X(t) = wAcos(wt)—wBsin(wt)

%(t) = -’ Asin(wt) - 0’Bcos(at) = -’ [ x(t)]
unua X(t),x(t), X(t) asaumsh 2) 9214
282.569| e’ Asin (at) - »°B cos (t )] +518.260[ wAcos(at)—wBsin(wt)]
+95056.85[ Asin(wt) + B cos (et )] =107.034 cos (et )
A sin(wt) 9214
~282.5690° Asin (@t) —518.260wB sin (@t) +95056.85Asin (ot ) =0
[ -282.5690° A—518.2600B + 95056.85A |sin («t) = 0

Tae  ©=14.92rad /s

veld  [-282.569(14.92)? A-518.260(14.92) B +95056.85A | =0

—62901.67 A—7732.44B +95056.85A = 0

32155.18A—-7732.44B =0 3)
faft cos(at) azld
~282.5690°B cos (wt)+518.260wAcos (wt ) + 95056.85B cos (wt ) =107.034 cos (et )
[-282.5690°B +518.260A +95056.85B | cos at) =107.034cos (at)

Tag  ©=14.92rad /s

a2 ld —282.569(14.92)2 B+ 518.260(14.92) A+95056.85B =107.034
—62901.67B + 7732.44 A+ 95056.85B =107.034
7732.44A+32155.18B =107.034 4)



Meumsh (3) uaz (4) mulurina A, B Iae7s Matrix
fufuaeld A=7.5670x10"
B =3.1467x10"°

M &(t) 1aeN o =14.92rad /s

0218 X(t) = -0 x(t)]=-(14.92) [ x(1)]
1R X(t) nauns
x(t) = Asin(ot)+Bcos(at)

unuan A, B asaunsld

X, (t)=(7.5670x10"*)sin (14.92t) +(3.1467 10" cos (14.92t )

msfIaaums i 11Uved Transient [x(t)]

1 X, (t) 910
mx (t)+cx(t)+kx(t)=0

Dnaumsi (7) unum m, ¢,k asluauns 928
282.569 (t)+518.260X(t)-+ 95056.85x(t) = 0

13 282.569 AAOATNNT 1214
%(t)+1.83% () + 336.40x(t) = 0

fmuald x(t)=D

wwld  D?+1.83D+336.40=0

heumsii (10) i D Tay3T Matix

wld D, =-0.9+18.319i
D, =-0.9-18.319i

[

Tagtuuuaunisvesat Diflu duiuazldi a=-0.9uay b=18.319
NNAUNT X, = Ae™™ cos(bt)+ Be ™ sin(ht)
unuAT abasaumsi (1) az'la

X, = Ae*% c0s(18.319t) + Be ** sin(18.319t)

(5

(6)

(7)

®)

©)

(10)

(1D

(12)



MIAMUIUNTUNT x(t)
NNAUNT x(t)=x, (t)+x,(t) (13)
Lmuﬁllﬂﬁ‘ﬁ (6) wag (12) aﬂﬁllﬂﬁ‘ﬁ (13) ‘1]31@9]}
x(t)= Ae** c0s(18.319t)+Be ** sin (18.319t)
+(7.5670x10™* )sin (14.92t) +(3.1467 x10* ) cos (14.92t) (14)

Initial Displacement 31NTY 5N (14)

fnuald
d 5 wL* 4
nIaIn 1 x(0)=——— Tagh w=385x1.2=462kg/m, L=11.8m
384 EI
4
x(0) = S 462x11.8 —0.034m
384 (3.175><109)(1o7781><10*8)
o d PL 4
NIaIN 2 x(0)= Tagn P=71.356kg, L=11.8m
48E|
3
«(0)= 71.356x11.8 —0.0007m

48(3.175x10°)(107781x10°"°)
©.>x(0)=0.034+0.0007 = 0.0347m
wld  x(0)= Ae”cos(0)+Be sin(0)+ (7.5670><10‘4)sin (0)
+(3.1467x10"* ) cos (0)

0.0347 = A+(3.1467x10-3)
. A=0.0316
mﬂﬁllﬂﬁ‘ﬁ (14) ‘Vhﬂﬁ?ﬂ X(t

)
X(t) = Ae""[~sin(18.319t)(18.319)] +cos (18.319t)[ (~0.9) Ae ' |
Be**[ cos(18.319t)(18.319) | +sin (18.319t)[ (-0.9) Be " |
+(7.5670x10*)[cos (14.92t)(14.92)] +(3.1467 x10 ° ) —sin (14.92t)(14.92) |
%(t) =-18.319Ae " sin(18.319t) — 0.9 Ae **' cos(18.319t)
+18.319Be** cos(18.319t)—0.9Be **' sin(18.319t)
+0.0113cos(14.92t ) - 0.0469sin (14.92t) (15)



Initial Displacement 910@uA157 (15)
fvuald x(t)=0
wld  %(0)=-18.319Ae?sin(0)-0.9Ae ™ cos(0)+18.319Be ° cos(0)
~0.9Be°sin(0)+0.0113cos(0)—0.0469sin(0)
)'((0):—O.9A+18.3198+0.01l3
unu A=0.0316 14

0=-0.9(0.0316)+18.319B +0.0113

0=-0.0284+18.319B + 0.0113
.. B =0.0009

unuar A=0.0316 , B =0.0009 asluaunsi (14) 118
x(t) =0.0316e°* cos(18.319t)+0.0009e ** sin (18.319t)

+(7.5670x10™* )sin (14.92t) +(3.1467 x10* ) cos (14.92t)

msfnoamanms [ x(t)] uez [X(t)]

1.ATUIUN X(t) mﬂﬁllﬂh“ﬁ (16)

X(t)=0.0316e °* [ —sin(18.319t)(18.319) |
+¢0s(18.319t)[ (0.0316)e** (-0.9) ]
+0.0009e *** [ cos (18.319t)(18. 319)]
+sin(18.319t)[ (0.0009)e** (-0.9) |
+(7.5670><10’4)[cos(14.92t)(14.92)]
+(3.1467x10"° )[—sin (14.92t)(14.92)]

%(t) =-0.5789e % sin(18.319t) - 0.0284e ** cos(18.319t)
+0.0165¢ °“ cos(18.319t) - (8.1>< 10 ) e **sin(18.319t)
+0.0113cos(14.92t ) - 0.0469sin (14.92t)

%(t)=-0.0119¢** cos(18.319t) —0.5797e ** sin (18.319t
+0.0113cos(14.92t ) - 0.0469sin (14.92t)

(16)

(17)



2. fuaan X(t) mnaumsii (17)
%(t)=-0.0119¢**[ —sin(18.319t)(18.319) |
+¢c0s(18.319t)[ ~0.0119¢ "% (-0.9) |
~0.5797e** [ cos(18.319t)(18.319) |
+sin (18.319t)[ -0.5797¢** (-0.9) |
+0.0113[-sin (14.92t)(14.92)]
~0.0469| cos(14.92t)(14.92) |
%(t)=0.7397e % sin(18.319t) —10.6088e ** cos(18.319t)
—0.1686in (14.92t)—0.6997 cos (14.92t ) (18)



o a d .&' A a a Y
ﬂ15ﬂ1u3m3!ﬂ‘5‘I%‘VMLN"NWM!‘MEN%'Iﬂ‘Wi]ﬂﬂii?Jﬂ1§!€l}ullﬂiﬁﬂﬂﬁﬂ31uﬂ13 13 14A3

——

TOPPING —005m
HOLLOW CORE 0.30m
™ %10 m 0.10”# ~
13.00 m

] ;4
qi"ﬂ‘ﬁ 12 uﬁmmmﬂnuazmmwmmmuwuﬁu

MIMUIMIAANNRDY ANUUTI HAZANNTHI

, 13
Wog ropre = 464Kg / m* = 46412 = 3619.2kg
1.) MMANNRBEY (m)

W _ 30192 _ 366 930kg/
g 1 S

2.) MAMANNNDA (k)

il E, =4270x 2.4 [f/ = 4270x 2.4°\/400 = 3.175x10° kg / m?

_ 48E! 48(3.175x10°)(196326x10°°)
R 13°

sefu k =136186.08kg /m

azld =136186.08kg / m

3.) MAMANNTIHIA (c)

AINANNIT c=2mawé

Taeri a):\/E: /M:w.zmrad /s, £=5%=0.05
m 368.930

Fofu ¢ =2(368.930)(19.213)(0.05) = 708.825kgf %

dmnannaumsinilves Steady [X ; (t)]

Mneums mK(t)+cox(t)+kx(t)=F(t)

o F(t)=Pe, cos(27if )

step

Tavi P, =0.7kN = % = 71.356Kg , o, =1.5 uaz f, =2.375Hz



wld  F(t)=71.356(1.5)cos(27(1)(2.375)t)
=107.034cos(14.92t )
Yot agfaums  m(t)+cx(t)+kx(t) =107.034cos (14.92t) (1)
‘I]Tﬂﬁllﬂﬁ‘ﬁ (1) UNUAI m,C, k asluguns ﬁ]xul@a]j
368.930%(t)+708.825%(t) +136186.08x(t ) =107.034cos (14.92t) @)

auudli X(t) = Asin(11.94t)+ Bcos(11.94t)
w2l X(t) = Asin(at)+ Bcos(wt)

X(t) = wAcos(wt)—wBsin(wt)

%(t) = -’ Asin(wt) - 0’Bcos(at) = -’ [ x(t)]
unua X(t),x(t), X(t) asaumsh 2) 9214
368.930| —’ Asin (at) - B cos (et )] + 708.825] @Acos(ot) - wBsin(t)]
+136186.08[ Asin (wt )+ B cos(wt)] =107.034cos(wt)
A sin(wt) 9214
~368.9300” Asin (@t) - 708.825wB sin (wt ) +136186.08 Asin ()
[ -368.930° A—708.8250B +136186.08A |sin (et) = 0

0

Tae  ©=14.92rad /s

vl [-368.930(14.92)* A-708.825(14.92) B +136186.08A | =0

—82126.18 A—10575.67B +136186.08 A =0
54059.9A-10575.67B =0 3)

faft cos(at) azld

~368.930"B cos (wt ) + 708.825wA cos (vt ) +136186.08B cos (wt ) =107.034 cos ( wt)
[~368.9300"B + 708.8250A +136186.08B | cos (wt) =107.034cos ()

Taoli  ©=14.92rad /s

a2 ld —368.930(14.92)2 B+ 708.825(14.92) A+136186.08B =107.034
—82126.18B +10575.67 A+136186.08B =107.034
10575.67 A+54059.9B =107.034 4)



Meumsh (3) uaz (4) mulurina A, B Iae7s Matrix
fufuaeld A=3.7305x10"
B =1.9069x10°

e #(¢) 1o o =14.92rad /s
0218 X(t) = -0 x(t)]=-(14.92) [ x(1)]
1R X(t) nauns
x(t) = Asin(ot)+Bcos(at) (5)

unua1 A, Basaums la

X, (t)=(3.7305x10"*)sin (14.92t ) +(1.9069x10"* ) cos (14.92t ) (6)
msfIaaums i 11Uved Transient [x(t)]
1 X, (t) 910

mx (t)+cx(t)+kx(t)=0 (7
Dnaumsi (7) unum m, ¢,k asluauns 928

368.930(t) + 708.825 () +136186.08x () = 0 (®)
13 368.930 Aaoaduns 1214

(1) +1.92% (t) +369.138x(t) = 0 ©)
fmuald x(t)=D
wld  D’+1.92D+369.138=0 (10)
heumsii (10) i D Tay3T Matix

wld D, =-0.96+19.189i
D, =—0.96-19.189i

[

FagUuuuaunsvesat Dy a+biduiuazlda a=—-0.96 nag b=19.189
NAUNIT X, = Ae™™ cos(bt)+ Be ™ sin(ht) (11)
unum a,basaumsh (1) ald

X, = Ae "% c0s(19.189t ) + Be *** sin (19.189t) (12)



MsfmuIMmIaNms X(t)
NNAUMST X(t)=x,(t)+x,(t) (13)
AN (6) ez (12) aserumsi (13) 1218
X(t) = Ae** c0s(19.189t ) +Be **" sin (19.189t)
+(3.7305x10*)sin (14.92t ) +(1.9069x 10 * ) cos (14.92t) (14)

Initial Displacement 31NTY 5N (14)

fnuald
d 5 wL* 4
nIaIn 1 x(0)=——— Tagh w=385x1.2=462kg/m, L=12.8m
384 EI
4
x(0)=-5 462x12.8 _ 0.031m
384 (3.175x109)(196326x10’8)
d PL3 4
NIaIN 2 x(0)= Tagn P =71.356kg, L=12.8m
48E|
3
X(O) 71.356x%x12.8 _ 0.0005m

~ 48(3.175x10°) (196326 x10°°)
=Y x(0)=0.031+0.0005 = 0.0315m
18 x(0)= Aecos(0)+Besin (0)+(3.7305x10‘4)sin (0)
+(1.9069x10° ) cos (0)

0.0315 = A+(1.9069><10‘3)
. A=0.0296
MNEUMIN (14) Hmsm X(t)

X(t) = Ae"*'[-sin(19.189t)(19.189)] +cos (19.189t)[ (-0.96) Ae***" |
+Be %[ cos(19.189t)(19.189) | +sin (19.189t)| (~0.96) Be "' |
+(3.7305x10*) [cos (14.92t)(14.92)] +(1.9069x 10" )| —sin (14.92t)(14.92) |
%(t)=-19.189Ae *** sin (19.189t) - 0.96 Ae *** c0s(19.189t)
+19.189Be *** cos(19.189t ) —0.96Be***' sin (19.189t)

+(5.5659x10°) cos (14.92t) —0.0285sin (14.92t) (15)



Initial Displacement ﬁnﬂﬁllﬂﬁ‘ﬁ (15)
Mviuald x(t)=0
wld  %(0)=-19.189Ae ’sin(0)-0.96 Ae® cos(0)+19.189Be " cos(0)
~0.96Be sin(0)+(5.5659x10™ ) cos (0) - 0.0285sin (0)
X(0)=—0.96A+19.189B +(5.5659x10°° )
UNU A=0.0296 18
0=-0.96(0.0296)+19.189B +(5.5659x10°° )

0=-0.0284+19.189B + (5.5659 ><10‘3)
-.B=0.0012
unua A=0.0296 ,B =0.0012 aﬂuﬁumiﬁ (14) a2'la

x(t) =0.0296¢ *** cos(19.189t)+0.0012e***" sin(19.189t)
+(3.7305x10™*)sin (14.92t) +(1.9069x 10" ) cos (14.92t) (16)
msfnoamanms [ x(t)] wez [%(t)]

L X(t) DINAuMsi (16)

X(t)=0.0296e °* [ —sin (19.189t)(19.189) |
+¢0s(19.189t)[ (0.0296) e *** (~0.96) |
+0.0012e °*** [ cos (19.189t)(19.189) |
+sin (19.189t)[ (0.0012)e " (-0.96) |
+(3.7305x10*) [cos (14.92t)(14.92)]
+(1.9069x10°* )[—sin (14.92t)(14.92)]

%(t) =-0.5680e %" sin(19.189t) — 0.0284e°*" cos(19.189t)
+0.0230e " c0s(19.189t ) —(1.152x10* ) e **' sin (19.189t)
+(5.5659x10") cos (14.92t) —0.0285sin (14.92t)

% (t) =-0.0054e°*" cos(19.189t) — 0.5692e °** sin (19.189t)

+(5.5659x10°) cos (14.92t) —0.0285sin (14.92t) (17)



2. fuaan X(t) mnaumsii (17)
%(t) =-0.0054¢ ** [ —sin (19.189t)(19.189) |
+¢0s(19.189t ) ~0.0054e**** (~0.96) |
~0.5692e °*** [ cos (19.189t)(19.189) |
+sin (19.189t )[ -0.5692¢*** (~0.96) |
+(5.5659x10°° )[-sin (14.92t)(14.92)]
~0.0285[ cos(14.92t)(14.92) |
%(t) =0.6500e *** sin (19.189t)-10.9172e°*" cos(19.189t)
—~0.0830sin(14.92t) - 0.4252cos (14.92t) (18)
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Abstract

At present, the trends of building’s design is to make its more distance between columns and become a
more multipurpose buildings to make the area clear consistent with various activities such as exercise
activities or rhythmic activities. Therefore, the floor system widely used for responsibility to long span
support is the hollow core concrete plank which have clear span 8 mater to 13 meters. Although these
hollow core concrete plank are designed for supporting load from humans living, the impact of human
activities on other aspects may also be affected such as vibration of the floor which may affect the user's
perception. It will result in discomfort or be disturbed. In this research, the responses of hollow core
concrete plank with its span length 8 maters to 13 meters including shear force, bending moment,
deflection and its acceleration due to human walking and aerobics class activities. A Newton's Second
Law of Motion is adopted to analysis the response of hollow core concrete plank. The objective is to
assess the safety of hollow core slab during excited by human walking and aerobics class activity. The
serviceability of slab is evaluated by considering from deflection and the human perception is evaluated in

term of average acceleration (a_ ) which compared with human comfort while vibration recommended by

American institute of steel construction (AISC 1977). The results shown all span length of hollow core
slab can resist the dynamic forces due to human walking and aerobics class activities safely. Maximum
shear and bending moment do not exceed the shear and bending resistance of hollow core slab. In part of
operating conditions. Slab with span length at 8, 10 and 12 meter provide exceed the maximum allowable
deflection (L/360) and the level of disturbance which the human perceive from the vibration are occurred

in hollow core slab with span length 8, 10 and 12 meters. Using hollow core slab with span length 12

meters for supporting aerobic activity can affect the perception of the vibration of those who are dancing.
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