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svuu Multi-Degree-of-Freedom
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manniau
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o NMsdulmnasszuy MDOF agfisuuuianieidanin
Tue waazlnuaaciinusssumfdszaniuue
(modal natural period of vibration)




szuu MDOF

e uis a vector of —Us
displacements u,
(relative to ground) at U
all DOFs. ’

—»UZ
ul
7 vz

Example: 3-story building

T,=044s. T,=033s

3-Story Building

Mode 1 Mode 2 Mode 3
(a) (b) (c) (d)
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Gratinvinunaavanms 6 Hu

T1=0.64 sec T2=0.170 sec

T3=0.0755 sec

T4=0.0424

o WARZTINUATAIUETTUZNAUDINTFUTIILANILAD

o THuAT 1 agfinusssuanduniigea Banit Tuue
Wus1u (Fundamental mode)
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Mode 1

T1=2.87 sec

Mode 2

T2=2.75 sec
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Mode 3 Mode 4

T3=2.73 sec T4=2.41 sec
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SUN1SARINSLAAUN
wuugudsase (free vibration)

mu-+ku=0

m = mass matrix

k = stiffness matrix .U
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Modal frequencies & Mode shapes

e Modal frequencies o, wag mode shapes ¢, #1161
nnsuAileynn eigenvalue problem aasiuning

m uay k

(k—a)fm)(zﬁn =0

det (k — a)fm) =0
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¢2atinv: Modal Frequencies

om 0 K= 3k -k
m{ 0 m} Tk k
‘3k—a)§2m —k
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—k k—aw?m

(3k — g 2m) (k- @fm) —k* =0

(2m*) @} +(-5km) egf +2k* =0

- / /2k
51A2AAIFUANNS A w, = ,[—
2m m
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a2atinv: 1st Mode Shape

* 11 mode shape TALLNUAT ©; WRILARNNITUT ¢,

(k-aim)d =0
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@atinvg: 2nd Mode Shape

* 111 mode shape 1aguNuUAT ®, WAILAFNAITA &,

(k — a)zzm)¢2 =0
Mode 2
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Modal Frequencies & Mode Shapes

Mode 1 Mode 2

20

10



5@h = 5h

Asduliuasuaazlnue
wlsansgidauszuu SDOF

T 27
a)n
SUN1I9AAINAITLAIAUN
AT SILLNUAU TN
mii + cu + ku = p g (t) =—mui(t)
mU, (t)
1 = influence vector .
m,U, (t)
1 myd (t)
o=t m,d, (1)
. my, (t)
s T 7%—"“9 (t)
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o WIILLNUAUTMIUTLRNENA

Py (t)=—mudi_ (1) e

.

108
m = mass matrix

v = influence vector =
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e wsonnufulIIUsEENdNag usananiasa L dunasInan
NI TNUA

o usiaylnuaganszaulaaunuaulw litmiiaudu

—=m ——=1.252m = -0.362m +0.159m -0.063m 0.015m

—=m —=1.150m 4-0.112m 4-0.113m L0.116m -0.040m

1 ——e0.956m =0.215m <-0.191m -0.033m 0.053m

—=m = —=0.684m + b= 0.394m T 0.059m -0.088m + -0.049m

—wr te=0.356m b=0.301m b-0.208m b0.106m 0.029m
oo d W/]W T o T fooood

ml s 8y 53 8, S

1

Modal expansion of m1.
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Expansion of Effective Earthquake Forces

Py (1) =—muii (t)=—s0(t)

N
S = 1s Ta 8 sn:an¢n

n
n

I, :i 131131 “modal participation factor”

n

L, =¢ym M, = ¢, mg,

25

Example: expansion of

effective earthquake forces

My = 2m (1) +m()? = 3m/2| [L = 2m (3) +m(1) = 2m

FIIL?/MII% M»> =3m Lg:—m F2=_'§

O uz —=1M 3

k
2m
O U O - _..%m + .y

2k

T T

ml Mode 1: s; Mode 2: s,

= =0 =P 0=
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Modal Static Base Shear Force

 Modal static base shear force ifluusaidauiigruiiiasarnuse

weuAulmilseanvue s, wuudia

N N
Vbsnt :lejn :rnzlmj¢jn j= fuin 1 89 N
i= i=

e ussidauigrunuuadaiiuneiiganin “effective modal mass”

vaa “participating modal mass”

* _\/st
M n _Vbn
m
O 85, =4m/3 _T Sg9=-Ml3 =
4 V3, = 4m/3 V3, = -m/3
O sy =4m/3 == V21 = Sp=2mi3 5T 2T
- V’;tl =8m/3 . Vl,lf! =ml3
oo

Base Shear Force by RSA
(Response Spectrum Analysis)
v, = i(vbﬁA])z N (Julvuad 1 69 N

N Aa ﬁ1mu‘1uumﬁﬂmsm1

A, = spectral acceleration 7 period= 7,

ANeatIIaIn1g 2 ‘ﬁu

S(wA) =[] (2 J

grfRsaanzInua? 1 v, Ai
AausvRbaautvinldua

& VbO = 3m Al
wonuanu A, az'la 28
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Effective Modal Mass

AL NITALED

M, =V =8m/3 M, =V =m/3

Modal participating mass ratio

Mode 1 = M, /Total mass=8/9

Mode 2 = M, /Total mass=1/9
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Base Shear Force by RHA

(Response History Analysis)

Total Base shear force drua'laann

Vo (t) - nZ::Vbn (t) :nZ::VbsntAw (t)

ANeIatIIaIn1g 2 ?i’u

V, () =Vit A (1) +Vo A (1) =M A (1) + M, A, (t)

v, (1) =S A (1) T A ()
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Concept of

Modal Analysis

Modal static response r;st
Huwsenalu wianns
nszdaLilavannusuuusdo |
sganTnua s, (modal

..... I

effective earthquake force | * | °

expansion)

s, Ly
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Response Spectrum Analysis
(RSA)

o nsaauuadluusiaziviue (peak modal response)
st
r.no - r-n
Taafl A, #a spectral acceleration feanunsaaiua1léiain

N3 pseudo-acceleration response spectrum

¢ Peak total response w1'l6iannn1557u peak modal response
2AIINUAR (7,,) B8 B square-root-of-sum-squares
(SRSS) waa complete quadratic combination (CQC)

- e

n=1 33

Complete Quadratic Combination
(CQC)

Total response Aualaann

N N
fo = Zzpinriorno
i=1 n=1

Taai correlation coefficient 551319 T1uA | WAE N WinAL

8\SiCh (Bndi +&n) B

Pin = 2)2 2 2, 2\ B2
(1_ﬂin) +4§i§nﬁin (1+ﬁin)+4(é’i +é’n )ﬁln
Bin = ol o,
514 CQC unu SRSS iafizasTnuatifiausssunalndtdasiu 34
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FUNDUNITAIUIAUAANLUUTLATIREZY
AN INafI&Eas au ASCE7-05

e JLATILUTATIRZIINIEAD response spectrum analysis
(section 12.9)

o TIUNAUDITUNAGNIY WiLaowa G participating
(effective) modal mass favlitiaanii 90%

o ldingn1s5uTuua SRSS (square root of sum of squares)
wsa CQC (complete quadratic combination) nseifisas
Tuuafiausssunflnddu desinasiindfulvuanisindaud
wagnN1slia

e w9ildaanuuurtdnasiiudlulaseas1y 1dan elastic

response #1568 R/I
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FUNDUNITAIUIAUAANLUUTLATIREZY
M NafI&Eas au ASCE7-05

e luNIATIARAUNNINTEIA way drift WidIuIan1sTAIGIN
AmanagtAanliulaannnisaaiaInnisale R/I udrdna Cd/I

o Foilun3tnvdaléann elastic response aaudine Cd/R
(LT I Tuns1nv)

o amuaulridAidvdIvsun1saanuuunIEnamans
fnIAIANIBuseRAaLAauvinInaARllSefinssuarlu
NTALAYNAT
— @1na base shear V éreidusvabiotiauvintaald T lutAu Cu*Ta
— fua base shear Vt sheidnwadans

— 61 Vt<0.85V 4 scale Ausoanniawadanséiaea 0.85V/Vt (i scale drift)
36
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nanASLALNAY R

TunsaanuuuaIBIBLIIRAALALULYIN

o usuildaanuuuntdonasinseas1vldann elastic spectrum
113628 R (yield strength reduction factor) geaaulvian
Taeauanuiienuas TATIs19

o TasvdsWNAaasidaansEENUANTIE Jidniaanunn
azfimnuntienunn Aalancitivaaaalaunnalawin
2aIN5NTTIANAAATIN ABVITRWINAIE

37

nannistAeIAu Cd

TunsaanuuuaIBIBLIIRAALALULYIN

o AWIAMIIAVIITIAIAIIATARTUIZITaLAMATTTAVE
aalauseadatiiauvin (Vcode) éaa Cd/I

o tfuda'lilden important factor (I) TunsAIMIMUAITTAVE
(fanmdavALIENRAENT)

38
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i aaaINITaanLL ULl

o lGTlasvasaifianuudousariiaowa dgbasaw 4
Aslavaatlutnausinaausu'la (displacement
controlled)

gNsID
o fimsnszananisannlimiaseaiviaghinszyni
1 laudtianily (uniform ductility demand)

o &@aaase aaulimumasin’la (strong-column
weak-beam)

e n&nL8ev story mechanism w&a weak-story story
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