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What is MDOF System ?
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Modal Analysis of 2 DOF System

. Dino Chen
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Use Excel table to Eigenvalue

SE+13

4E+13

3E+13

2E+13

1E+13

-1E+13

-2E+13

-3E+13

1500

start 0
inc 170
step X ¥

0 0 9.8304E+12
1 170 2.56339E+11
2 340 -3.96523E+12
3 510 -4.54876E+12
4 680 -2.96814E+12
5 850 -4.56725E+11
(5} 1020 1.99265E+12
7 1190 3.62772E+12
8 1360 3.93675E+12
g 1530 2.64852E+12
10 1700 -2.B76E+11
1 1870 -4.60174E+12
12 2040 -9.90348E+12
13 2210 -1.54819E+13
14 2380 -2.04053E+13
15 2550 -2.35019E+13
16 2720 -2.3359E+13
17 2890 -1.83234E+13
18 3060 -6.50158E+12
19 3230 1.42408E+13
20 3400 4.62784E+13
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Dr. Dino Chen
Etabs or SAP2000 model compute mode shape
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Etabs or SAP2000 model compute mode shape
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Etabs or SAP2000 model compute mode shape

—Propertiegs———————————————  ~Click to:

— Property Maodifiers

Type in property ta find:

Ilmpnrt 1 wide Flange j

Crosz-zection [axial] Area

|,&dd |A¥ide Flange j | Shear firea in 2 direction
C16-16K1 Shom frma i 3 drost
ear Area in 3 direction
CTEA1EK2 todify/Show Property... |
C16<16K3 .
C1E16KS Tarsional Congtant

Delete Property | tament of Inertia about 2 axis 100000000

toment of Inertia about 3 axiz 100000000

Mazs

C | i
ancel I I Y'eight

—
—
W
W—
—
—
_—

Mass Definition i
o+ From Self and Specified Mass
£ From Loads
" From Self and Specified Mass and Loads

Section Name

— Properties——— — Property Modifiers —— Material————————
’7 ’7 C35 — Define Mazs Multiplier for Loads————————————————

Set Modiiers... |

Section Properties... |

Load tultiplier

— Dimenzion: DEAD j |
Depth (3] [166278 | | Add |
Width [£2] [15278 B H Modiy |
Delete |

— Concrete | | |

e

w

Reinfarcement. .. | el ] I_ v Include Lateral Mass Orly
LD el v Lump Lateral Mass at Story Levels
1] I Cancel | I—IDK Cancel I

f“.
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Etabs or SAP2000 model compute mode shape

r Building Active Degrees of Freedom M . Global Directi
Full 3 ¥ZPlane  YZPlane  NoZ Rotation Number of Modes [ asses n Aiihal Liiectons
~ Type of Analysis Direction =, IE]
f+ Eigenvectors  Ritz Vectars L
Direction £ ID-
ST | | — Eigenalue Parameters
WUz [T U WUZ [ R WAy [ RZ Frequency Shift [Center] |D. — bom. aof [nertia in Global Directions
Cutoff Frequency [Fadius) IU- Eotatioh ahout I|]_
v Dynamic Analysis Set Dynamic Parameters...
I/ Dy Y 2 | Relatve Tolerance I'I-UDUE'U? )
[ Include F-Delta Set P-Delta Parameters. . | I Include ResidualMass Modes Rotation about ID-
[~ SawveAccess DB File File Mame. .. I Sy FlE Ve R atation about 2 II:I_
| List of Loads Ritz Load Wectors
— Ophions
(]S Cancel o
Add> | " Add to Existing Mazzes
e = .
% Replace Existing Masses
<- Femove | o
" Delete Existing Maszes
ak. I Cancel
kK I Cancel
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Etabs or SAP2000 model compute mode shape
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Etabs or SAP2000 model compute mode shape

Edit

=-0]1 MODEL DEFINITION [0 53 Input Tables=Click the DK button [a=hsses Bt Dl

Bal:l Building Data Select Load Cases. . |

#-[] Property Definitions 3 of 3 Loads Selected
@ O Load Definitions
EBEI Point Azsignments

- Load Cases/Combos [Results]

Bil:l Frame Assignments Select Cazes/Combos... l
EBD I"p‘fl Design D_ata 3 of 3 Loads Selected
#-0 Design Overwrites
aalj Dptions/Preferences Data todify/Show Options... |
&[] Miscellaneous Data

EII ANALYSIS RESULTS (1 16 Input Tables=Click the OF. button — Optionz
-0 Displacements ¥ Selection Only

@ O Reactions
=8 ® Modal Information
EI E Bwldlng Mndes

EI O Bwldlng Mndal Informatlon

[ Table: Madal Participation Factors
[ Table: Modal Participating Mass B atioz ~ Mamed Sets

----- ~[] Table: Modal Load Participation Ratioz Cohve Mamed Sek.
#-0 Building Output

#-0 Frame Output

#-[] Objects and Elements

=

Show Named Set.

Cancel |
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Department of Civil Engineering




CIVL7008 Seismic Analysis for Building Structures

Dr. Dino Chen

Etabs or SAP2000 model compute mode shape

idan b b2 B

Edit View
| Building Modes |
Story Diaphragm Mode UX uy Uz RX RY RZ
| 3 STORY4 D1 1 05917 0.0000 0.0000 0.00000 0.00000 0.00000
STORY3 D1 1 0.45596 0.0000 0.0000 0.00000 0.00000 0.00000
STORY2 D1 1 0.2921 0.0000 0.0000 0.000040 0.000040 0. 00000
STORY1 D1 1 0.1376 0.0000 0.0000 0.00000 0.00000 0.00000
-STORY4 D1 2 -0.6738 0.0000 0.0000 0.00000 0.00000 0. 00000
STORY3 [0y 2 0.0685 0.0000 0.0000 0.00000 0.00000 0.00000
STORY2 D1 2 0.3657 0.0000 0.0000 0.00000 0.00000 0. 00000
STORY1 D1 2 02972 0.0000 0.0000 0.00000 0.00000 0.00000
STORY4 05| 3 -0.4321 0.0000 o.0000 0.00000 0.00000 0.00000
STORY3 D1 3 0.4733 0.0000 0.0000 0.0o000 0.0o000 0.00000
STORY2 D1 3 -0.0756 0.0000 0.0000 000000 000000 0, 0000
STORY1 D1 3 -0.3388 0.0000 0.0000 0.00000 0.00000 0.00000
-STORY4 D1 4 0.0a808 0.0000 0.0000 0.00000 0.00000 0. 00000
STORY3 D1 4 -0.2351 0.0000 0.0000 0.00000 0.00000 0.00000
STORY2 D1 4 0.5239 0.0000 0.0000 0.00000 0.00000 0. 00000
STORY1 D1 4 -0.3336 0.0000 0.0000 0.00000 0.00000 0.00000
el | b
KRNI

University of Hong Kong
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Normalization

NODE 1 2 3 4
STORY 4 0.5917 | —0./YEE | —0. 4321 | 0. 0303
STORY S 0. 45965 0. 0E35 0.4733 | —0. 2361
STORYZ 0. 2921 0. 3667 | -0.0756 | 0.5230
STORY1 0. 1376 0. 2972 | —0. 3388 | —0. 3336

Max 0. 5917 0. 3667 0.4783 0. 5235
min 0.13Y6] —-0.6YER| —-0.4321| —0. 3335
absmax 0. 5917 0. ATEAR 0. 4733 0. 5235
sizn 1 -1 1 1
Ma Ky 0.5917] -0. 6758 0.4783 0. 5235
Storey | mode 1 mode 2 mode 3 mode 4
4 1. 0000 1.0000 | —0.9034 | 0. 1542
3 0.F76Y | -0.1014 | 1.0000 | —0, 4487
2 0.4937 | -0, 8476 | —0.1581 | 1. 0000
1 0. 2326 | —0.4398 | —0. 7083 | —0. A3GR3
0 0. 0000 0. 0000 0. 0000 0. Qo000

0.0000
_
25 ={’
N (.
/ >~
25 25
L~ T
Z iz ,_.-//
\e \e
10000 :,m ioom 200m -Lnl-cm-o.scmim 0,500 10000 15000
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Dr. Dino Chen

How about more than 4 storey Building (Simplified model) ?

Transform the Matrix D to Matrix B

[M]{x(t)} +[K]{x(t)} = {0}

A [MT'[K]=1{P
ssume [ . [ B { } Pll_mz plz Pln
2
([P &Jz I]) X} {0 } le Pzz :—{1} PZn -0
[p]{){} mz {X Pnl Pnz I:Jnn B mE

Take

z} = WM]ix}

8]z} =0 (2}
][] e

,‘ ¥ University of Hong Kong
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Dr. Dino Chen

How about more than 4 storey Building (Simplified model) ?

K, +K, XK,
m o Jmm,
K, K, +K,
m, Jm, m,
[Bl=|
0 0

0 0 _
_K3 0
Jm, m,
_Kr;—l Kn—1 + I(n _Kn
'\/mn—z ‘\/mn—l m"—l W mn—] '\/m_n
_Kn I(n
A mn—] ﬁ mﬂ i

Relationship between {x} and {z}, which use to compute mode shape

X =[W] (z}

University of Hong Kong
» Department of Civil Engineering




Mode Shape Calculation Program

Dr. Dino Chen

ﬂ Mode Shape Calculation (Jacobi) =
File Calc Help
—Building Info —Hesult
Storey IE |EI Mode I mode 1 i I
Mass Stiff - Tn |1.4ua
Story 1 |473.900 |1.427E+06 3 fn |u.?1u
Story 2 |700.303 | 8.188E+05 Mode "
| | [stons [ro0.021 [7.951E-05 e A
Story 4 |699.229 |7.897E+05 I
Story 5 |697.860 |7.767E+05 e
Story 6 |697.184 |7.431E+05 Story 4 0440
Story 7 |696.913 |7.481E+05 — I
Story & |696.805 |7.418E+05 — I
|| |story_s |se6.805 | 7.418E-05 —
Story_10 |696.805 |7.418E+05 — I
Stane 44 |87 GBS 7 AdmELncs| E— P = Calc Animation
Storey |12 First Peric| 1.408  |Tteration 366 |

ﬂ,

f.::,‘
INO|

I

==
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Mode Shape Calculation Program

SAform matrix K and Matrix M
for 1i:=1 to n do
begin
k[i]:=strtofloat(stringgridl.Cells[2,i]):
m[i] :=strtofleoat (stringgridl.Cell=[1,1]} -
end;
//Form Matrix B
zetlength(b,n+l,n+l);
setlength(v,n+l,n+l);
getlength(ml,n+l,n+l) ;
setlength(rr,n+l,n+l);
setlength(rrZ,n+l, n+l) ;
for i:=1 to n do
for j:=1 to n do

begin
bli,jl:=0:; /J/Clear
end;
for i:=2 to n-1 do
begin

bli,i]:=(k[i]+k[i+1])/m[i]:
bli,i-1]:=-k[i]/ (sgrtim[i-1])*sgrt(m[i])}}:
bli,i+1]:=-k[i+1]/ (sagrt(m[i]) *=grt (m[i+1])):
end;

bll,1]:=(k[1]1+k[2])/m[1]:
b[l,2]:=-k[2]/(=grci(m[l])*=grc (m[2])):
b[n,n]:=k[n]/m[n]:

bln,n-1]:=-k[n]/ (2grt(m[n-1]) *=grt(m[n])):
//Form Matrix H

e

comboboxl.Clear;

for i:=1 to n do

begin

combobox].Ttems . 4dd (format {"mode 3d', [1])):
end;

jacobi(b,n,d,v,nrot) ;

statusbarl.Panels[5] .Text :=inttostr (nrot) ;
for i:=1 to n do

gx[i] :=2#%piS=sqgxrt(d[i]):
for i:=1 to n do
num[i] :=i;

for j:=1 to n do

for i:=1 to n-j do
begin

if zx[i]<zx[i+1l] then
begin

temp:=zx[1]:

temp? :=num[i];

zx[i] i=zx[i+1]:

num[i] :=num[i+1];
zx[i+1l] :=temp;
num[i+l] :=templ:;

end:;
end: //order
CK 4K, K, 0 0
m, A/m, y/m,

K, K, +K, K,
Jrgmm Yy
[B]=| : :

K. +K,

0 0 . B n

7Kn—1 7Kn
Y mn—2 V mn—] My N mn—] ‘\/min
K K

University of Hong Kong
Department of Civil Engineering
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Mode Shape Analysis of Shell Element (High Freq mode)
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B

Mode 59 - Period 0.01466

Maode 62 - Period 0.01365 Mode 68 - Period 0.01241

Maode 84 - Period 0.01003

Mode 93 - Period 0.00917
=

i X
TR

Mode 85 - Period 0.00980

I
ndidinochentcom
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