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Calculation of Stick Model

Ge"eral I"fcrmati(}" HT00X300X13X25 ° H70: ; IX2X4 ° H700X300X13X25
Floor Height h = 4000 mm % % % %
Upper Beam Depth d = 850 mm - HT00X300X13X25 5 5 H700X300X1 225
Bracket Information § % % %
H700X300X13X25 5 5 H700X300X13X25

Depth of Bracket Hb = 900 mm % § § %
width of Bracket b = 250 mm g g g g
web Thickness of Bracket ~ Thw = 22 mm HIODAACDKI S, e
Flange Thickness of Bracket Thf = 22 mm © % 5 5 %
Length of Bracket Lb = 1,075 mm g g i g
Sectional Ar,ea Of Bracket Ab - 29'832 mmz a %25 HT00X300X13X25 H700X300X13X25 700X300X1 3X28
Moment of Inertia Ibx = 3,270,281,696 mm* - g 8 8 8

by = 58,051,224 mm?*
St. Venant's torsion b = 4,812,896 mm* -
Tonax [ Trnaan kb = 1.837 -
Steel Panel Information ey o I/ ‘
Designation 6x980X000 Section Name l [EPDEXE80-300
Half length of Steel Panel Lp = 490 mm T IFEpEES N
Sectional Area of Steel Panel Ap = 16,288 mm?* Crass-secion (exia) arsg eclon mohius sbow Jaxs |
Moment of [nertia of Steel ParIpx =  1,426,257,800 mm® Torsional constant R

by = 4,743,435 mm Moment of neria sbo3 exis [FU10E03 Pidstic madulus about3 axis 1000,
<t. Venant's torsion P _ 5,600,400 mm® Moment of Ineria abou|2 ais |45162702. Pidstic modulus about 2 axis 1000.

Shear sregin2iecio dius of Gyration about 3 axis

Tonax [ Tmean = 1975 | —Shear areain 3 direction Padius of Gyration about 2 axis
Stick Model Information I
1) Bi-Linear ok |

Sectional Area of Stick Model A =
Shear Area of Stick Model As =
Moment of Inertia of Stick Mot Ix =

Iy =
St. Venant's torsion of Stick M3 =

23,670
9,473
3,009,640,741
43,162,702
5,036,827
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e NLLink Property Data NLLink Directional Properties
! Idensscanon
] Property Name | ~ Type Lines =] Property Nome prosx
Total Mass and Weight Dwection pz
::I Mass Rotavonal Inesa 1 Type F;u
Weight Rotsvonal Inersa 2 NonLinear fio
_.': Rotatonal Inersa J Uinear Properies
.': Dwrechonal Propertes P-Delto Parameters ESectve S¥ness
Dwecton NonLinear Propenes I Efectve Damping
Iia I
Shear Deformation Location
F r Mody/Show for U2 Distonce from EndJ |
Jis Ja
I Iz [ Cancel I
m r | |
I r ] Cancel I
For Fy = 325N/mm2 |
Bi-Linear Model
Neme K (=0.6K) K(=003) Q% Q%) v & 8% &% LINK i A2 ¥
PD-430 kNfrad  kN/mm  kNfrad  kN/mm kN rad mm

6x1820x900 435,231 250 21,762 13 1,013 1,615 2,051 0.00233 4.1 52.2 87.0

9x1820x900 532,894 317 26,645 16 1,520 2,243 2,776 0.00285 4.8 50.4 84.0

12x1820x900 590,255 351 29,513 18 2,026 2,811 3,401 0.00343 5.8 50.4 34.0

6x980x900 339,250 377 16,963 19 1,013 1,471 1,811 0.0029% 2.7 270 45.0

9x980x900 534,236 636 26,712 32 1,520 2,245 2,779  0.00284 24 25.2 42.0

12x980x900 545,355 649 27,268 32 2,026 2,743 3,289  0.00372 31 25.2 42.0
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Deform

FEtAEI0 Qy=1013 KN/9.8=103.37 ton > 7347857 Ve

R BT e P/ NEI R TN sE M e - .

N/
B ER 2t 4 AT B SR Y. —
T T
o
R2F
RF
BEEBES
10F
/ [ ] | e p—
/ / / / / o T e men s
7E Deform(Ex) —
/ [T / )
== ] :: SEIREINE BH-B Bi%
/ 1/ / |/ / i A B85 =0.005036.
/ .fi J.’[ j; / 3F 51=0.005036x980=4.935 mm.
X / / / / oF FEAZEERERZ=(0.069259-0.062266)x1000=6.993 mm.
/ - HE B §2=561-61=6.993-4.935=2.058 mm~
a1 SPD-6x980x900 Fy=325 KN/mmzo
- KFHE KL=377 KN/mm.
% B3F BI 1 V1=K1x562=377%2.058/9.8=79.17 ton.
X aDASE W BRER AT RE A V=81.74 ton.
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[ For Fy =325N/mm2 |
Bi-Linear Model
Name K (=0.6K) K(=003) Q@  QE% QEW v & 5E% 5 (%) Qe=81.16t=795KN
PD-490 kNfrad  kN/mm kNfrad kN/mm kN rad mm Ae=79 5/377=2 11mm

6x1820x900 435,231 250 21,762 13 1,03 1,615 2051 0.00233 41 522 870

9x1820x900 532,894 317 26,645 16 1,520 2,243 2776 0.00285 48 504 840 AU= 1.4XO(yXFUX N

12x1820x900 590,255 351 29,513 18 2,026 2,811 3,401 0.00343 5.8 50.4 84.0 = 1.4X1.0X2.5X2.11 =7.38mm

6x980x900 339,250 377 16,963 19 1,013 1471 1,811 0.0029% 27 27.0 45.0

Qu=1013+19*%(7.38-2.7)=1102KN=112t

9x980x900 534,236 636 26712 32 1,520 2,245 2779 0.00284 2.4 252 420

124980900 545,355 649 27,268 32 2,026 2,743 3,289  0.00372 31 252 42.0 o= 1 1 2/8 1 . 1 6 = 1 . 3 8
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T | EnD END-J
distance |5.25 value | 144.87

Mowve cursor over diagrarm for values sF

RERER

4F

'_ Nﬁ % EMCER 2 78

LVLLLEJ

[I-H
NL%W ‘**“Jj Meq=144.87x1.38=200t
rww * MdL=50t

Mu=1.05x50+200=253t
ERETHNE I M #FCRE B SRR
H700x400x16x28 ®Mn=272t>Mu OK.
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For Fy = 325N/mm2 |
Bi-Linear Model
Name Ki (=0.6K) Kz (=0.03K) Q@ (3%) Qy(5%) Yy & 5y (3%) B (5%) Qe = 842t = 82 5 KN
PD-490 kNfrad  kN/mm kNfrad kN/mm kN rad mm A e= 82 5/3 77 — 2 . 1 9 mm
6x1820x900 435,231 250 21,762 13 1,03 1,615 2051 0.00233 41 522 870
9x1820x900 532,894 317 26,645 16 1,520 2,243 2776 0.00285 48 504 840 AU= 1 .4XO(yXFUX N
12x1820x900 590,255 351 29,513 18 2,026 2,811 3,401 0.00343 5.8 50.4 84.0 = 1.4X1.0X2.5X2.19 = 7.66m m
6x980x900 339,250 377 16,963 19 1,013 1471 1,811 0.0029% 27 27.0 45.0
Qu=1013+19*(7.66-2.7)=1107KN=113t
9x980x900 534,236 636 26712 32 1,520 2,245 2779 0.00284 2.4 252 420

124980900 545,355 649 27,268 32 2,026 2,743 3,289  0.00372 31 252 42.0 o= 1 1 3/842 — 1 . 34
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| g EMD-I EMND-J
) } -/ distance |7.2 value
.3 ;:W \“\Lui Mowe cursor over diagrarm for values
: . er \u_LLu; (I w) 3F
£ S it T EZBMCERZiE
Meq=183.6x1.34=246t
MdL=20t

Mu=1.05x20+246=267t
ERETHNE I M #FCRE B SRR
H700x400x16x32 ®Mn=302t>Mu OK.
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Use H900x250x22x35 S=9608cm?
Qmax=113t
Mu=Qmax*(H/2)=113t%((4-0.88)/2))=176.3t-m
0=M/S=176.310°/9608=1834kgf/cm?

Hole-226mm for
510T
M24 HTB

/— NS-STP490-6x980x900

CL of Staal Pansl

G
FEF A4+

<0.6Fy=0.6*3300kgf/cm2=1980kgf/cm? OK
PYVn=0.9x0.6FywAw=0.9x0.6x3.3x90x2.2=352t > V,max OK.
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PUSHOWER CURVE - CASE PX
File

Cursor Location

Performance Point (.0}

80, 1680, 2400 320. 400, 480.

BED.

Spectral Displacement

B40. 720, 800.

Spectral Acceleration / g

|
X103

(1.983E-01. 3.897E-01)

(-1853.409, -0.421)

Perfarmance Point (Sa.5d)

| (D220,0333)

Performance Point (Teff. Yeff)

Additional Notes for Printed Output

(2.466. 0.085)

Owerride Axis Labels/Ranges.. |

| Display I

Static Nonlinear Case

CR—

Flot Type
" Resultant Base Shearwvs Monitored Displacement
@ Capacity Spectrum Color [N
Demand Spectrum
Seismic Coefiicient Ca 024
Seismic Coefficient Cv 063
[¥ Show Family of Demand Spectra coor TR
Darnping Ratios
|0.05 X 015 0.2
[v" Show Single Demand Spectrum Color |
(warighle Damping)
[v Show Constant Period Lines at calor |
0.5 1.5 [z.
Darnping Farameters
Inherent + Additional Damping 0.03

Structural Behavior Type

Dione

WPUSHOVER CAPACITY/DEMAND COMPARISON

[

Feset Default Caolors

" User [ i

File
Step Teff 2eff sd(c) sa(C) sd (D) sa(D) ALPHA PF*2
[i] 2,141 0.030 0.000 0.000 0.503 0.447 1.000 1.000
1 2,147 0.030 0,011 9.782E-03 0.503 0,442 0.254 0.898
2 2.306 0.044 0.081 0.061 0.496 0.376 0.405 1.232
3 2.316 0.038 0.144 0.108 0.517 0.388 0.415 1.253
1 2.330 0.039 0.210 0.156 0.516 0.383 0.420 1.262
5 2.377 0.055 0.278 0.198 0.484 0.345 0.424 1.261
6 2.489 0.097 0.347 0.225 0.434 0.282 0.426 1.252
7 2.635 0.148 0.412 0.239 0.402 0.233 0.427 1.241
8 2.811 0.201 0.484 0.246 0.384 0.195 0.429 1.231
9 3.004 0.243 0.562 0.251 0.381 0.170 0.430 1.221
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4ai ETABS Nonlinear v9.5.0 - HGNH#a-UP-PUSH2 - [Elevation View - Y1 Deformed Shape (P... | = || [B] |53

Options  Help
- = x|

&hi File Edit View Define Draw Select Assign Apalyze Display Design

4l ETABS Nonlinear v9.5.0 - HGNH4a-UP-PUSH?2 - [Elevation View - Y4 Deformed Shape (P.. | = || (=] [[#X4]
dt File Edit View Define Draw Select Assign Analyze Display Design Options Help
- =] x|

M%7 8  BL|PPePL M| Mo ¢ |%RE|%. [0

DE | HES- o 2@ B0 pee®e| M Mt ¢+|%E %_ |02

i

=
3

o ||lsBEs| =y |lea2 w2 @ |

xen|g ||lsepms nee. | |lcas bk am | ® e
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&l
Xz
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e e I
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ERc

Start Animation

LS
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B
N
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| BE @|xm

—t— ]

z

L.

h
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Start Animation

LS
Right Click on any Paint for displacement values

| << | > [cLosal = lfkarem ~|

o [EN
| | » foroBa. = ljkgrom =]

Right Click on any Point for displacement values
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PUSHOVER CURVE - CASE PX

File
103 Spectral Displacement
;DD y Static Nonlinear Case PX =
450, Plot Type
400, 2 (" Resultant Base Shear vs Monitored Displacement
5 —
360, = (@ Capacity Spectrum Color :
5
Ll | ks g Dermand Spectrum
250 [ | < .
= Seismic Coefficient Ca 032
200. g
= Seismic Coefficient Tv 0.84
150, &
100 [V Show Family of Demand Spectra Caolor -
e T T T T T T T T Darmping Ratios
N I N |0.05 {01 018 0.2
B0, 160. 240 320. 400. 480, 560. 640 720. 800. x103
Bureorlocaicn [¢ Show Single Dermand Specturm Calar
(variable Damping)
Performance Point (v.0) ARG A [¥ Show Constant Perind Lines at Colar
Performance Paint {Sa,5d) ‘ (0.238, 0.405) | ‘D [ ‘1 ‘1 5 ‘2
Perf Point (Tefl? (2619, 0.142)
Ehomens Balciet e Darnping Parameters
Additional Notes for Printed Output Inherent + Additional Damping 0.03

Structural Behavior Type

®A (B { :E " User di ]

Owerride Axis Labels/Range I Reset Default Colors |

| Display Daone

WPUSHOVER CAPACITY/DEMAND COMPARISON

File
Step Teff 2eff sd(c) sa(C) sd (D) sa(D) ALPHA PF*2
[i] 2,141 0.030 0.000 0.000 0.503 0.447 1.000 1.000
1 2,147 0.030 0,011 9.782E-03 0.503 0,442 0.254 0.898
2 2.306 0.044 0.081 0.061 0.496 0.376 0.405 1.232
3 2.316 0.038 0.144 0.108 0.517 0.388 0.415 1.253
1 2.330 0.039 0.210 0.156 0.516 0.383 0.420 1.262
5 2.377 0.055 0.278 0.198 0.484 0.345 0.424 1.261
6 2.489 0.097 0.347 0.225 0.434 0.282 0.426 1.252
7 2.635 0.148 0.412 0.239 0.402 0.233 0.427 1.241
8 2.811 0.201 0.484 0.246 0.384 0.195 0.429 1.231
9 3.004 0.243 0.562 0.251 0.381 0.170 0.430 1.221
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2020 Workshop on Design Technologies of Reinforced Concrete and Steel Structures
Taipei, Taiwan, December 17-18, 2020

A ISR R R B
Seismic Design and Optimization of

Steel Panel Dampers in Moment Resisting Frames

okl Egr?

R S
S R SR N 7R =R
Email: kctsai@ntu.edu.tw

#E
4% 4% e & % (Steel Panel Damper, SPD) _‘;ﬁ;;‘ﬁﬁ”iﬁfi RN ’”ﬁr’uf"'“‘g" T ARG R
PafE s bR hB P AL P RAPEL o AP EERE SPD - P o B
RFRETE RGN ALY MATLAB Sk it 1 B 0 8 & WHEIT V2 S4B T 132 &
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L FIER BA R IFR 64

7y (KN) | 600<V,<700 | 700<V,<800 | 800<},=<900 | 900<V,<1250 | 1250<}V,<1500
dc (mm) 700 800 900 1000 1100
dp (mm) 600 650 700 750 800
22RO 0 BAT R E IR E
t ift
Vy . Design Story 'dr1 Weight Increment of
(kN) Design case state ratio (ke) weight
(x107) 8 (%)
1.0 weighted Basic 6.06 2123 44
doubler plates 1.5xK 4.01 3052
735 2.0 weighted Basic 6.06 2209 45
doubler plates 1.5xK 4.04 3197
Basic 5.62 2472
With ity load effect 35
BTV G EREE T sk 3.74 3349
2329 SPD#AT i RIS
Vy Desion case Design dspp | brspp | twic | twes | trspp o
(kN) & state (mm) | (mm) | (mm) | (mm) | (mm)
1.0 weighted doubler Basic 700 300 7 12 30 (0.3
plates 1.5xK 700 | 300 7 22 40 |03
735 2.0 weighted doubler Basic 700 | 300 7 12 30 103
plates 1.5xK 700 | 300 7 22 40 103
With v load effect Basic 700 | 350 7 12 | 254 |03
ith gravity load effec
sraviy 15xK | 700 | 350 | 7 | 32 | 254 |03
ZARBO N BREEIE T LRI GRS
Vy ) ) dp brb twb ) tdp
(kN) Design case Design state (mm) | (mm) | (mm) | (mm) | (mm)
Basic 600 | 300 16 22 30
1. igh ler pl
0 weighted doubler plates L 5xK 500 | 300 o3 s 56
. Basic 600 | 300 16 22 30
735 | 2.0 weighted doubler plates L5xK 600 300 o3 o3 36
. . Basic 600 | 350 16 25 30
With gravity load effect 52K 500 | 350 30 03 50
#2589 % SPD 4 adirit B iz P K%
Desi Desi Longitudinal Transverse End
k?l esigh etS}[gn ns | stiffeners (mm) | stiffeners (mm) | stiffeners (mm)
( ) case state ts,L ‘ bs hs,L ls,T ‘ bs hs,T fs,end bs,end hs,end




2020 Workshop on Design Technologies of Reinforced Concrete and Steel Structures

Taipei, Taiwan, December 17-18, 2020

Input
hl Lbl Lllbl dc; K, Vy of SPD,
material of SPD and boundary beam

)
—»{ Generate design variables

Meet the
strength, ductile, LTB, compac
section constraints ?

Calculate objective function

Is the objective
unction minimum?

No

1.0 weighted | Basic |3 | 4 | 75| 960 | 12.7 | 75| 640 | 9 150 | 640
doubler
plates 1.5xK | 3| 4 | 75| 930 12 | 751620 | 9 150 | 620
2.0 weighted | Basic |3 | 4 | 75| 960 | 12.7 | 75| 640 | 9 150 | 640
735 doubler
plates 15xK | 3| 4 | 75| 921 12 | 751620 | 9 150 | 620
With gravity | Basic | 3| 5 88 | 974 11 88 | 649 | 11 | 176 | 649
load effect | 1.5xK | 3 | 5 88 | 974 11 88 | 649 | 11 | 176 | 649
Boyndary Beam o End-Stiffeners
H‘SPD T Elastic Joint
H hepol |- 7Inelastic Core Buckling Restraining Stiffeners
N L Elastic Joint
(a) (b) ()
Bl @Qz#trr BHETLR > O@SFELETLR S OPFc&2H T LB
| Lb P d(2 L| dSPD L| dc dc L dseo L de
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] R 1 M 1 ! (1+My | '
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Is the objective
unction minimum?

Calculate objective function

Meet the
strength, ductile, LTB, compact
section constraints ?

LA
A <=2
K

¥
Calculate SPD-Beam

subassembly

Basic design

Calculate initial
SPD-Beam subassembly
deformation A;

deformation A,'

T
% Generate design variables
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