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FEMA 440 (ATCS55): X B A EE#E44(1)

1. ﬁ?&ﬁﬂ-%(ﬁeff)
2. REFE
For u < 4.0:
ﬁ&f:;4U1—lfﬂ+B(y——ﬂj+ﬁ%
For4.0 = u <6.5:
By =C+D(u—-1)+p,
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3. FxBM(Tey)

For 1< 4.0:
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For4.0 < <6.5:
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ATCSS: % REEEXZ24(2)
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ATCSS: % REEEXZE24(3)
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ATCSS: % REEEXZ 444

(1) |FFRBE(LFE#AR)

(2) 8 ARADRS#H: 5

Q) RIZEUHRRBF MM
(4) 2 FEEKHEBRA R Ha
(5) #Fa,; B2 Pes AT

(6) EAP.; 37 #ADRS

() Tk RS, BRd b

( S:-‘ )5%
B( Ber )
) 4

(SJ” J!"j =

5.6 In B (in %)

Spectral Acceleration

S, 4

equal displacement approximation
il (arbitrary initial assumption)

capacity curve for
structure

initial ADRS demand
with damping 5,

Spectral Acceleration

capadty curva(CS)
for structure

™= initial ADRS, 4,
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Nonlinear Time History Analysis
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Steel Beam:

H 250x125x7.5x12.5
RC Column:

30x30; rebar 8#6
Nodal masses:

1 tf/g

[EHA=1.15 sec
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B AR (HZE B Y

B _Kinematic hardening type hysteresis model

Einematic Hardening

Crigin-oriented
] Feak-oriented

Degrading Trilinear
Takeda
Takeda Tetralinear
Modified Takeda

3 Modified Takeda Tetralinear
Mormal Bilinear
Elastic Bilinear

Elastic Trilinear

Elastic Tetralinear

=L IF Bilinear

SLIP Bilinear/Tension
SLIF Bilinear/Compression
=LIF Trilinear

SLIF Trilinear/Tension

Kinematic Hardening hysteresis model SLIP Trilinear/Compression

_
Fesponse points at the initial loading move along a trilinear skeleton curve. The unloading stiffness is identical to the elastic
stifness. It shows the tendency of strength increase with the increase in loading. This i1s used to model the Bauschinger effect of
metallic materials. Accordingly. it is cautioned that energy dissipation may be overestimated for concrete. Due to the characteristic
of the model, only the positive {+) and negative {-) symmetry is permitted for the strength reduction ratios after yielding
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Z A (RCHE-M PH)

B Takeda Tetra Linear type hysteresis model

P

Takeda Tetra Linear hysteresis model
s Response points at the initial loading move along a tetralinear skeleton curve.

n [f the current displacement or deformation, D, does not exceed D3, the hysteresis rules are identical to the
Original Taketa hysteresis.

n [f the current displacement or deformation, D, exceeds D3, response points move along the slope K4. For
unloading, response points move by the same rules as the Original Taketa hysteresis.
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AddiModify Inelastic Hinge Properties

MName : Ish

Description : I

—Yield Strength(Surface) Calculation Method
" User Input

& Auto-Calculation

— Type

Directional Hinge Properties : Kinematic Hardening

(®  Symmefric | Ssymmetric

—Yield Properties

— Input Method
(" User Input

[
1
9

— Input Type
(@ Strength - Stiffness Reduction Ratio
| Sirength - Yield Displacement

—Yield Strength

[ o | ©
| P1 |9.??149405 |9.??149405 e
| P2 |11.16?215?|Ll.15?215? i

— Stiffness Reduction Ratio

:| Alphail ID-5

1| Aphaz  [0.05
1

—Primary Curve

— Deformation Indexes

Ductility Factor : DDl
® D/D2

Hinge Status
[l | & [ ©
| 1 ID.S ID.S
N It
R B
B |
s e [°

— Initial Stiffne

™ BEI/L (" 3EIL (" 2EIL

(" User Il tarf

| Elastic Stiffiess

(| Skeletom Curye

:'—'I_}rp_e ___________ = Definfigh=———- ~Mtéraclion Type—————————— T
: % Beam-Column @ Skeleton ® Hone :
: ® Lumped | Fiber (" P-M in Strength Calculation :
I S C M n Status Determination__ |
(" Spring
" Truss
t-Mlateria TMember 1
: Type : (& Steel  RC Type : :
: (" SRC(filled) % Beam (" Column (" Brace :
i (" SRC{encased) Element Paosition : :
! (" User Defined ®1 () 5 .
) Code Jausc = — Section i
i Mame |2 st =l Mame : Il bl | E
—Component Properties— - - - - - - oo oo oo mnnm oo
Component Hinge Location Hysteresis Model
[ ICenter VI Kinematic Hardening - | Eroperties. .. |
iFy II vI Kinemnatic Hardening - | Properties. .. |
I_ Fz II VI Kinematic Hardening - | Properties... |
IO L S E _______ zl___ _nematcHardeniog_ _ __ _ > | — Progedigs. _ _|
:l [ my I&J - Kinematic Hardening - | Properties...>> El
Twm [t ] KnemsticHardeing <[ Fopetes. |

Yield Surface Properties. ..

Fiber Name : I

oK | Cancel |

concel_|
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AddModif¥ Inelastic Hinge Properties

Yield Surface Properties

|x

s IACI LI — Section
=l

MName : I]. . con Mame 2.l

[~

— Component Properties

Component Hinge Location Hysteresis Model

[ Fx ICenter vl Kinematic Hardening

v|

Eroperties...

I Fy II vl Kinematic Hardening

v|

Eroperties...

[ Fz II vl Kinematic Hardening

v|

Eroperties,..

I
: v my 18] - Takeda
I
v Mz 18] - Takeda
I
:_ Yield Surface Properties... Fiber Name :
oK | Cancel | Apply

I T ~ Approximation of Yield Surface Shap
Cousermput | @& Auto-calculation: : T e " User Input @ Auto-calculation
Hame : Icc _____________ _— Betay Betaz . -
urface amma pha
MCoy Mz (t) (c) ® (c)
Description : I |1.7zugmzsa|1.7zugmzsa 15t 1.54324 [1.54324 [1.54324 [1.54324 |11 1.4
1.682 1.5464 1.682 1.5464 2 &
—Yield Strength(Surface) Calculation Method ion for the 15t P-H Interaction Curve == :
) PC(c) | PCBY ‘ FCBz ‘ MGy, max ‘ MCz,max Myl P ¢ ppag P | Betay - forthe 1t & 2ndsurtace
(] = Myl o [SREB T
" User Input @ Auto-Calculation 147586672 |194.87741318|194.57741318 |9.1a44011939 9.1844011938 [MV‘W] [P‘“‘”"HJ i ‘;:“z “’;‘;"’;;‘“”d“m“
| Bmax =PC
Mol T pEme T :
. ; 1P-M Interaction Curves (el ™ [E2 ™1 my -PoRRER
—Type—————————— —Definition——— [~ Interaction Type i el <FChal¥Ee
————————————— el i s e e et | P(c) | PYBy ‘ PYBz ‘ MYy, max ‘ MYz, max [ Myl ]A'P““ 3 [ Mzl ]“’P‘“ oy Mymax = MCymaz, MTpmax
1 - - —~ My max Mz mar - | MEmax = MCamas, MYzma
| (@ Beam-Column ® Skeleton " Mone 1 754236156 [98.834630334 [98.834630331 [15.737039509[15.737039509
1
‘or plotting P-M e T -
I @ Lumped | Fitier (& P-M in Strength Calculation : -
: ¢ Distributed . _ 1 o PoM Interaction Curves e St —Interaction Curves and Approximated Yield Surf:
(" P-M-M in Status Determination 1 Plot : cion)
I X 1 2nd P-M Interaction Curve m
1  Spring , e i
| PYE: M P-PYB M :
1 v d Legend :
LiC TriSs— ——— — — — — - P i g e P I
PYBy | WMYomax | PYPYRz | MYzms R
1 0 il Q Curve
— Material —Member #1898 0.650427 0.541898 0.650427 Tat
105192 0.766131 0.405192 0.766131 2nd My
: " Steel & RC : ¥31% | 0861207 | 0263152 | 0861207 i
Type Type 124647 | 0942 | 024047 | 0942 “ield Sufoe
[o] 1 0 L Tst
" sRe(filled) (" Eearm @ Column (" Brace TR NS ERIRT EEalRToT 20
(-. 15614 0.390444 0.285614 0.390444
SRC{encased) Element Position : 193848 | 0706626 | 0493848 | 0.706626
307596 0.297142 0.807590 0.207142
 User Defined =1 {0 ] 1 0 1 0 P (Tension)

RC Column

NTUT
NCREE



Directional Hinge Properties : Takeda

—Type —Primary Curve

(8 Symmetric | heymmetric

—Yield Properties

— Input Method
(" User Input (& Auto-Calculation

— Input Type
(& Strength - Stiffness Reduction Ratio

" Strength - Yield Displacement

—Deformation Indexes

—Yield Strength
Ductility Factor : " D/D1

| [:+] | (_J GD;{DE
‘ PL  [16975.086¢ [16975.086¢ kn*mm Hinge Status
Level | (+) | )
1 fos EE
2 |t E

|

|

= — LIl L
7 B/ NS R
‘Alphal IEI.35 : —Initial Stiffness ?ﬁ»ﬁz{%ﬁ

‘ P2 |109614.39E|109614.39E kN*mm

‘ Alpha2 ID'DE ] & BEL/L " 3EIL O 2ENL

" User |9305-55 K prarn

(| Elzstic Stiffriess

" Skeleton Curve

—Unloading Stiffness Farameter
Exponent in Unloading Stiffness Calculation :

Inner Loop Unloading Stiffness Reduction Factor :

NTUT
NCREE



Add/Modify Time History Load Cases

—General

Name Idl Description : I

Analysis Type Analysis Method Time History Type

" Linear " Modal (® Transient

® Nonlinear @ Direct Integration (" Periodic

" Static

End Time : mgec Time Increment : 0.01 1 sec
Step Number Increment for Qutput : 2 :

—Order in Sequential Loading
[¥ Subsequent to ™ Load Case

|sT: DL

" Initial Element Forces(Table)

— Damping

Damping Methed Modal
e

Mass & Stiffness Proportional

Damping Ratio for All M| Strain Energy Proportional

Element Mass & Stiffness Proportional

— Direct Specification of Mo

—Modal Damping Owerrid

Iteration Control

— Iteration Parameter:

|7 EPermit Convergence Failure

Minimum Step Size :
Maximum Iteration :
Convergence Criteria : |7 Displacement Morm

I_ Force MNorm

I_ Energy Morm

—Boundary Monlinear Analysis

Runge Kutta Method :
® Fehlberg Method (Stepsize sub-division for Nen-convergence Control)

(" Cash-Karp Method (Adaptive Stepsize Control)

I].e-DDS

Tolerance :

Mode Damping Fatio

4

— Time Integration Parameters

Mewsmark Method : Gamma

IEI.S Beta IEI.25

(" Linear Acceleration " User Input /

(® Constant Acceleration

N

EC—

Cancel

FENID.L.
Direct integration [EModel Z#EH
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ldModif¥/Show Time History Functions

X|

. | . .
= Function Mame | — Time Function Data T‘]."FIE t
1 |
T2-I-1 i1 | (@ Hormalized Accel. (" Acceleration " Force " Moment " Mormal !
1
|
1 . . !
 —Scale Factor Gravity Graph Options————
1 . !
Impaort | Earthquake HeelDrop || | & Scale Factor |1 [~ X-axis log scale
I 9.306 m/sec™2 . | ]
. . 1 . -@Xls 0] scale 1
Time Function =] " Maximum Value ID q - q !
|
{zac) (g’ | P !
1 0.0100 0.0165
2 0.0200 0.0174
0.5
Generate Earthquake Acceleration Record il 00182
Earthquake : [:]U ]-85 0.5 l l |
1940, EI Centro Site, 270 Deg =l nors2 = ,
1952, Hollywood Storage P.E., Vertical - [:] U 1?5 = 0.1 | | I. 1
1971, San Fernando, 69 Deg oo : =
1971, San Fernando, 139 Deg [:] U ].63 - mm
1971, San Fernando, Down : 4 —0.1 _' | H H I | ' | '
1979, James RD. El Centro, 220 Deg 3
1979, James RD. El Centro, 310 Deg UU ]'45 - l
1979, James RD. El Centro, Up - -0.35
1985, Mexico City, Station 1, 180 Deg 0.0120 - =
1985, Mexico City, Station 1, 270 Deg
1994, Northridge, Sylmar County Hosp., 90 Deg 0.0020 U -n0.5
1994, Morthridge, Santa Monica, City Hall Grounds, 0 Deg U 0059 =
1994, Morthridge, Santa Monica, City Hall Grounds, 90 Deg - : - i
1994, Northridge, Arleta and Mordheff Fire Station, 90 Deg |:| 0029 - —0.7 , - AN
1989, Loma Prieta, Oakland Outer Wharf, 270 Deg - 4 1
1989, Loma Prieta, Oakland Outer Wharf, 0 Deg _|:| 0002
1971, San Fernando Poceima Dam, 196 Deg : -0.9 J
1971, San Fernando Pocoima Dam, 286 Deg _00034 - . . . .. _— - N . /7
1966, Parkfield Cholame,Shandon, 40 Deg 0 2 4 & B 10 14 18 2z 2@ ~
1966, Parkfield Cholame,Shandon, 130 Deg 01,0064 '
1971, San Fernando 8244 Orion Blvd., 90 Deg il | Time {EEC}
1971, San Fernando 8244 Orion Blvd., 180 Deg momnn
Method of Seismic Intensity- level -Type I
Method of Seismic Intensity- level -Type 1I 1995, HYQUGOKEN SDLIth,- NS)
Method of Seismic Intensity- level -Type III -
T1-I-1 (1978, MIYAGI-Coast, LG)
Ti-T2 (1978, MIYAGL Coast, TR) Earthquake Response Spectrum... | ‘ oK Cancel Appl
T1-1-3 (1993, HOKKAIDO-S/W_Coast, LG) i P P la PRy
T1-I-1 (1968, HYUGANADA-Coast, LG)

-1 (1968, HYUGANADA-Coast, TR)
-I-3 (1994, HOKKAIDO-EastCoast, TR)
-II-1 (1983, NIHONKAT-Central, TR)
-III-2 (1983, NIHONKAI-Central, LG)
-T11-3 (1994, HOKKAIDO-EastCoast, LG)
T2-F1 (1995, HYOUGOKEN South, NS)
T2-1-2 (1995, HYOUGOKEN_Sauth, EV)
T2-1-3 (1095, HYOUGOKEN_South, NS)
T2-I-1 (1995, HYOUGOKEN_South, NS)
T2-11-2 (1895, HYOUGOKEN_Sauth, EW)
T2-I3 (1895, HYOUGOKEN_South, N30W/)
T2-I1-1 (1995, HYOUGOKEN_South, N12V/)
T2-I1-2 (1995, HYOUGOKEN_South, NS)

]

Normalized Accel. : DLg ks EE AT

Acceleration : bLlm/sec”2 EFEAT
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: AddModify/Show Time History Functions

— Function Name

|T2-I-1

Import | Earthgquake

Heel Drop

Time
{5eg)

Function
(g}

0.0100

0.0165

0.0200

0.0174

0.0300

0.0182

0.0400

0.0185

0.0500

0.0182

0.0600

0.01%5

0.0700

0.0163

SO = (S o [l (B fe—

00800

0.0145

W

0.0900

0.0120

10

0, 1000

00050

11

0.1100

0.0059

12

0. 1200

00029

13

0.1300

-0.0002

14

0. 1400

-0.0034

15

0, 1500

Description

M

—Time Function Data Type

™ Normalized Accel.

(" Acceleration " Force " Moment " Mormal

—Scale Factor
(™ Scale Factor

(" Maximum Value

Gravity

[ X-axis log scale
IQ.SDE m/sec™2
[T Y-axis log scale

—Graph Options

M EET

amplitude walue

25 30

Frequency (Hz)

35 40 45 50 55 60

|T2-I-l {1995, HYOUGOKEN_South, NS)

Generate Earthquake Response Spectrum...

@‘ 0K I Cancel | Apply |

Scale factor =0.5 ; input PGA=0.5*0.8g = 0.4g
Sa/2.5/%EPA; PGA/(1.1~1.2) 44y &EPA; iitEPA=0.4/1.2=0.33¢g
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Recorded time history
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Simulated time history
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Tree Menu

Time History Analysis Data |

ITimE History Result Function

=\

— Define Function

(% Graph Function
" Step Function

I Displ/Vel/Accel by Story

Add News Function

Je& e B84
N

AR

{7 F5=6.5/350 = 1.8% (OK)

— Function List istory Graph =
MName | Type
B - 6. Bl izt
dif Graph-Displacement
daf Graph-Displacement 5 Bl cicc-e:
d3f Graph-Displacement ..
drift=2f Graph-Displacement ) B s
drift-3f Graph-Displacement - "
| | Wi AN
. {1 { \y ENTAR e
Barh Maodify Delete U VPY Y L@
1 - Summary -
Close 5. “
l * Max:5.630e+000
-3. [ at  7.640
—4 * Min:-6.725e+000
: at  8.280
-5. * Unit:tonf, cm,sec
-&.
2 3 5 7 g8 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 2 29 30 31

Time {=ec)




PR AT Y

Tree Menu

Inelastic Hinge Result ‘

Time History Load Cases Name
fa1
Step |25.66

Time Function [T2-F1

—Type of Result
(® Hinge Status

" Ductility Factor(D/D1)
¢ Ductility Factor(D/D2)
(" Deformation

" Force

(" Status of Yielding

— Components

¢ Dx " Dy

Dz
¢ Rx ® Ry Rz

—Type of Value
" Positive " Negative
(® Abs Max.

—Type of Display
|7 Cortour _I I_ Legend _|
|7 Values _I |7 Deform _I

I_ Undeformed

Animate -_!

Start Time It].t]2 sec
End Time |30 sec
Increment I 0.02 sec
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Fourier Amplitude
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Il dentification C)EE . ?

FProperky Flame ILINH ¥ 7,
— ml !
Crireckion ||:=3 \ /¢
T upe II‘--'I ultilimn=ar Fla=tic 1] #5§ ',’)
P onlin=ar rfE:S ,--'
L ~~ ﬁ
FProperties Ll==d For Lin=sar Analusis Casaes
o HB 1
E Ffective Stiffnes= - /
E FFective Damping I':'-
)
M
A

FAulti-Linear Force-D eformatiorn D efinikiom

FH otation P oment
-1 0.

NEWMARK B 85534

> SRS BB
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RCF3(TCU082, PGA=1.3g)aEmis i

HE2R I 80




12

| Max is 9.31

(| HMaxis 8.28
8

{
| ’ “ \
f

i Hi” it

Displancement(cm)

RCF3(1.3G)
| ——— TEST

***** ANALYSIS
-8 ‘ ‘ ‘ ‘ ‘

0 : ® 00 80 100
Time(s)

S

o

=

c

0]

S

@

o

c

©

[oX

(%]

] " RCF3(1.3G)
. —— TEST

- == == = ANALYSIS

4
| | | ‘ ‘

50 50 54 o i !
Time(s)
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(1) FEFES o
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(4) #5%=0 (Viscous)




Viscous Dampers

NTUT
NCREE



Longitudinal Cross Section of A Fluid Damper

TON HEAD

ﬁ\ ORIFICES END CLEVIS,
2 PLACES \\
/

g

é

7 \
N N N

" ‘ g

CAP AND SEAL FLUID " CAP AND SEAL
CYLINDER

The difference of the pressure between each side of the piston
head results in the damping force.

The damping constant of the damper can be determined by
adjusting the configuration of the orifice of the piston head.
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Viscous Dampers
Tai-Shin Bank
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Experimental Validation
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Response History

Diagonal-Damper-Brace Toggle-Brace-Damper
80% EI Centro Earthquake 80% EI Centro Earthquake
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Force-Velocity Relationship of Viscous Dampers

F, =Ca| sgn (i)

‘ Linear Viscous Dampers
- Nonlinear Viscous Dampers

Line 1: Fp=Cy; V% Nonlinear Damper with a<1
Line 2: Fp=C_V, Linear Damper
Line 3: Fp=Cy,V*, Nonlinear Damper with a>1

Damper Force, Fp

Velocity, V
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Hysteresis Loops of Viscous Dampers
(Sinusoidal Motion)

Nonlinear Damper

\\

\
% > Displacement

/

B

Linear Damper

No storage stiffness!

Viscous dampers won’t change the natural
frequency of the primary structure.
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Typical Installation Scheme of Viscous Dampers
[ i i

T - L T T T




MDOF System with
Linear Viscous Dampers

%%
SDOF fd :2 .

4%

\)

é:eﬁ :50+5d
¥ X W

MDOF ¢, =«
S

MDOF System with Linear Viscous Dampers
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Energy Dissipated by Linear Viscous Dampers
( In one cycle of sinusoidal vibration)

U = U SIn Wt

P = Pysin(at + &)= Cii

27/ @ 5
WD:§FDdu:§Cudu:J‘ Cu” dt
0

27
= Cu% a)z.“ cos’ wt d(ax)
0

MDOF System with Linear Viscous Dampers
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Considering the First Mode of Vibration

ZW‘ZW chum

Si =

27rW

i

WS = (I){ [K](I)I

=Y &’mg =

- 7@ [m] D,

A’

MDOF System with Linear Viscous Dampers
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Effective Damping Ratio of A Structure
with Linear Viscous Dampers

&P, K
INMEE

MDOF System with Linear Viscous Dampers
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Energy Dissipated by Nonlinear Viscous Dampers

I

1+

C(a)uo)
wt=20"

A 4

W, =C(au,)™ = [ [sin"** 26}46

a).O

27/ @

Foudt ¢ F,=Cu”
11 <= U= W0u,sInat

27r/a) a)jg’
||‘ —d Z

W, =ACwou, "

= 2" Caf* (72 2sin""* @cos' ™ Bd O
) /l 22+a F (1+O,'/2)

(1+a/2)

22+aC a 1+a
r2+a)

» r2+a)

SDOF System with Nonlinear Viscous Dampers
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Effective Damping Ratio of A Structure
with Nonlinear Viscous Dampers

D

M

feﬁ”:§()+

T AC f

J

|+

.

e
COS +0‘6?1.

]

Displacement Dependent

l-a=2—-(1+0)

MDOF System with Nonlinear Viscous Dampers
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Viscous Damping Ration &g

20 40 60
Displacement Dot (Mmm)
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Y RN~ Td Sl [|astic Response

T>.C.¢ cos 6,
J - Linear Damper
Ty mg;

TZ—a Zﬂcjﬁyacoshagj

— J .
d (27[)3_aD1_aZ””%¢i2 _ Nonlinear Damper
8 &tk |

—_ g SaDITi2
47* (1.4aF,)B

d
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Toggle-Brace-Dampers

RB R EdamperFR

Lower Toggle-Brace Damper Upper Toggle-Brace-Damper

MCEER
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Lower Toggle-Brace-Damper Upper Toggle-Brace-Damper

@ b ® b
p S p




Linear Toggle-Brace-Damper Nonlinear Toggle-Brace-Damper

TZ Cj¢’§fj2 TZ_aﬂ“ ch(fj¢rj )”0‘
TS g

é:d — é:d —

(27[)3—0{ Al—azmi¢f

sin 6,
cos(H +6,)

cos(8, —0,) +sin@,| (Upper Toggle)

3% damper38CR, {H 7R JOFHE
271, WERHIMEE

_ sin 6, sin(f, +6,)
cos(f, +6,)

(Lower Toggle)
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(a) w/o dampers After 300% TCUOQ78

— L
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300% TCUO78EW Test 300% TCUO78EW Test

w/o dampers ’ w/o dampers
with dampers 1 with dampers

3rd Floor 3rd Floor

S
N
C
(]
=
©
=
QL
Q
(3
Q
<
[
e
=
(]
0
Q
<

Relative Displacement (mm)

2nd Floor ) 2nd Floor

! !

9 12
Time (sec)

T L P 1

9 12 ‘
Time (sec)




2L 2.

Viscous Damper Z 3%3
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(B8 HE

PAPEVIEAng

axaTPH/EEE(A110%)

inherent damping B (5%) + viscous damping 8, (

(15%)

) = effective damping B,

EHRETLAFERBREN RS B E TR (hysteretic damping = 0)

ETE) EE

it st

Dt B EB,, (15%)FHEBIERTITEZ
adn iR RTE M

(E=TR E

ACIDApaNiid

R ERCHEFVHELESy - IREBRERS A B EEHEARTET

(BEOIEREH:

Ry R EE -+ [ A 0 ST >

25 R (A E e ]
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(%ﬂ%%) l:tXn Bﬁﬁﬁﬁcﬁ

HMAZ R4 SERREREA > KEE LB EREASTR
RRASER oI RIGEE
LUF =GRS5 RESEEZCHE

¢ +a 1
D W, = (?—”j Z/ICJ.‘AU. Cos 6’j1 W, = EZFZMZ
s i

(BATE) ZRERIK, REDamperig K I HREEAE

BRI 28 18T REURREAIN - EREAT
BRI

BRI aaT e kiR 0 B 1E Rt
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S YApAriTES

T (BREER T ERRIFEE)
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sm # Viscous Damper & /) & 05 R JE 54




Viscous Damper 3] 3%,

B EK: [HEassrVEE-H &R+ - ESEAREE
BT - HZs B EESEHEZ RN SEATS% -

— max. force =100.68 ton

[100MT CN:013] 0.4Hz 30mm e 6o

min. displ.= -30.24 mm

1 f T T 0 T
-# -20 -10 0 10
40
K 86

~—__

force (ton)

A

0

displacement (mm)

Force (ton)

[100MT CN: 013 ]

design curve
-—--+10% curve
-----10% curve

40 60 80
Velocity (mm/sec)
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&

EREN

FHED)
X

I»

. E
. .
"taunnn®

enmn R,
. .
0 ‘+

.

S S U - N

Rog of L4 Tess

TYPE "A" SECTION

1

SRR | S
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A 7RIS

- B ARERE: PR H AP B IR AR 8%

¢ =[0.457, 0.326, 0.135]
oa=0.3
ARHELEREA10%

axafiIf% D =10 cm
0=35°

PH/E s ik:

F = 24 V03

F=[HEI(KN, A H17749140KN)
V=ﬁf§(mm/s)

FHESREE: 3%
SHEMIE k = 8.35 kN/mm

2-o +a +o
T Z/I C jQ;. cos 6,

J
(2 ﬂ.)3—0( Dl—a Zn/ll ¢l2
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Define General Link Properties o

x|

Name | Application Type | Property Type | Description

Add

vl Farce Viscoelastic Dam...

Modify |
Delete |
Close |

Add/Modify General Link Properties

MName : I\‘l

Application Type 1|  Element

X|

Froperty Type 1| I‘.fiscuelastic Damper LI: Inelastic Hinge Properties...
|
Description I | X
e e e e e e e e e e e e - 1
— Self Weight Use Mass
Total Weight : ID kN Total Mass : ID ki/g
—Linear Fropertie —Monlinear Properties
DOF Effective Stiffness Effective Damping DOF
v Dx IU kiifrmm ID.DDEMQEIEE kN=sac/mm v Dx Properties...>>
I oy ID KH/mm 0 kN*sec/mm [~ oy Froperties. ..
[ oz IU kH/mm 0 kN=sec/mm [~ oz Froperties. .
[ Rx IU kM=mm/[rad] IU kN*=mm*sec/[rad] [ R Froperties,., |
[ Ry ID kN=mm;/[rad] ID kN*mm*sec/[rad] IRy Fropenties,.. |
[ Rz |n kN=mm/[rad] ID kN=mm*sec/[rad] lE Froperties.,., |
— | Shear Spring Location
Distance Ratio From End I Dy IU-5 Dz : IU-5

¥iscoelastic Damper Type Nonlinear Spning )

—Damper Type I

T ¢ Kelvin(Voigt) Model

(" Damper-Brace Assembly Model(Maxwell+Kelvin)

—Monlinear Properties

Damping (Cd)

|

| |24 kN

|

] = |1 mimy'se
|

| |0.3

|

l : |8.3544309

Reference Velocity (V0)

Damping Exponent (s)

—— i ——y———

Bracing Stiffness (kb) kM/mm

|
f=r sign{ dd) ‘?‘: =k, d,
d=d+d,

=
=

o]

Cancel
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PRAF-URE I BE

-
"
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Damper ZKkbH{

Rog of L4 Tess

TYPE "A" SECTION

1
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B R4 #% B B

Max displacement = 10.4 cm, EAZEH I I HZE AN 2%

12.0

11.0

10.0

3.0

-1 &3]

] ] [ =] o] o o

&
5.
4.
3

Funct ion
=] (= 5]
=] ]

- Summary -

|
[N ——
i

|
]

# Max:1.042e+001
at 5.800

* Min:-7.311e+000
at &.140

| | |
b
==

|
[a3]
[

* Unitc:tonf, cm, sec

|
A
]

| 1
L
=] (]

]

& 9 10 11 12 13 14 15 1 17 18 1% 20 21 22 23 24 25 28 27 28 2
Time (=ac)
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Plastic hinge jk f&

Bare frame Damped frame
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Damper X & 38 B

120.0

110.0

100.0

90.0 ?f
-
i i /

80.0

J70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

=-10.0

-20.0

Function

-30.0

- Summary -
-40.0

-50.0

-60.0 / 4 = Max:1.0752+002
a5 y 2t 1%5.161

-80.0

* Min:-1.242e+002
-20.0 ‘ at —-1z2.198

-100.0

#* Unit: kN, mm, sec
-110.0

=-120.0

-130.0

-140.0

—403-383-363432-30-2826-24-22-20-18161412-10-8-6-4 -2 0 2 4 © B8 1012 141618 20 22 24 2628 30
L1-D{mm)

PGA =400 gal

Unit: kKN, mm firf2 832 mm
=> i TERHERM R EEKS
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Function

8 9 10 11 12 13 14 15 16 17 18
Time (sec)

B ===

=R TRIIZRE ELER

Damped frame

- Summary -

* Max:5.450e+000
at 8.780

* Min:-5.092e+000
at 5.820

* Unit:kN,m, sec

Bare frame

= Summary -

* Max:7.422e+000
at 5.560

* Min:-5.045e+000

at 5.840

* Unic:tonf,m, sec

10 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25
Time (sec)
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/e & Viscous Damper & J& %5~ #7

ENEECE R

F = 240 V03

F= fHfEJJ(KN, g A /1471400KN)
V=3E[&(mm/s)

fHEsSECE:

XA B Y = Il %837 5 #£3237

(AR FHEEL T $EF4910%)

300 -

-3 wagiiii=i

B A RE

200 H

Damper’BgE

Energy (t-m)

100 -

40 60 80 100
S

X(NS)mdamperfic & &
T N 4 N 2 N 4 N N
| | \ \ | \ [
f
N
damper
Y(EW)mdamperfic & & \
. NN T
~_/
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Viscous Damper #; A\

PHEAS T HE: o
F =240 VO3 ; = Efr##EFE: KN, mm

—ldentification

port Property Diata

Fropery Name Id—24[l

LinkauppDn:Type Cirection IU1
1 Linear

! bultiLinear Elastic T IDamper
P N Set Default Name Y¥Pe
roperty Tme MultiLinear Plastic

‘Damper : =
— Total Mass anH Weight{Gap MonLinear I\T/

Hook . . .
Mass - |Plastic pven) I Ineni:a1 : ~ Properies Used For Linsar Analysis Cases.

Fubber lsolatar hd 1 :
Rotational Inerik 2 : Effective Stiffhess i
1
1

Raotational Ineria 3 : Effective Damping

]
— Directional Properties F-Delta Parameters —

Direction Fiwad MonlLinear Froperties Advanced. |

Modify/Show far LT ...

—Properies Used Far Monlinear Analysis Cases

el A e Dis
play Color I_

ifa e [ e A e LS

Stiffness

el A T A
Darnping Exponent
ifa e [ e A e =

Tl et sty o B Cancel |

|
|
|
Darnping Coefficient :
|
|
|
|

Fixal | Clearall |
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/% Viscous Damper 3744 Auik B R JE Lo 8%

NS i AR 2R R e

200
100 +

c
]
g 07
[}

Max = 217 gal
‘ ‘ 1

20 40 oo - -~
time (s)

EW i A5 12 P L

200 -
100 +

c
]
© 0 -
©
[}

JR&5HE:
Max = 153 gal

60 80 o
time (s)

anamper\%:g%
Max = 138 gal

IFZREZ 64%

’—"'”"“Wwww

M W “

'M}M]JLWHMM o

fnDamper&sis

FRINZE 2 74%
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Viscous Damper 3% # B

Bfir: t, mm

PGA =80 gal

2 E1E1.6 mm

=> it CEFHEBMBEEERS

L1-F

(1.92.-10.05)

Link13
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