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<@ 1.3> lllustration of the analysis model structure on 30m deep soil domain



<## 1.1> Soil

material properties

, , % VS Go
Soil Type Material Type KN/m? m/s MPa o
Pressure Depend Multi
Type B ] 24 1143 424.88 - 0.20
Yield
Pressure Independ Multi
Type D ) 13 305 650.00 29 0.30
Yield
Pressure Independ Multi
Type E ) 17 152 150.00 30 0.35
Yield
<E 1.2>= X|HIe| M S st At OFX| $A2 9 slAzEel 1k 10 7|E LtEt
CHeb, X|8F g3E Dest 9 A=l FII17F 2oX|= W22 LEtGen, kX8 (Type
D)ol |zl dF F7/7F =S Ho| SItst= A2 & = UCH

<i# 1.2> Fundamental periods, Ts,of the model structure located on different soil types

Soil Type Fixed base Flexible base
Type B 0.27 0.43
Type D 0.27 0.57
Type E 0.27 0.45

(3) s Mol AtEE X[Z

o LRIMAZ|Z=0| FALES BHESIY| 215101 PEER NGA databasedlM 7 7He| X|Z&S MH st
1 <xE 1.3>0 HEtHACE OB 4= S HEMAT|E0 m2t site class B AHAEH EZHo0|
9tx0| mAE 77| Ko SHAMEZS LEMACH <E 1.4>E 2t Xghxzof o2 M
HEZMIIETE LIEIN, <O8 1.5>= 2tk (site class A) X odeX|dho]| st MAA
HEYS LiEphct

< 1.3> Main characteristics of the selected earthquake records

No [ RSN Eaﬁg?rl]fke Year | Magnitude I(rﬁe/ngagléx)/ Sléggzgn P(SSA\ (cr};(/asvec) FC%D)
1| 725 | SuperSUlion | 4987 | .54 2.1 137 | 0.34 | 33.89 |10.74
2 | 767 Phgga 1989 6.93 2.1 11.4 0.50 | 43.52 |17.79
3 | 848 | ‘'Landers" | 1992 7.28 2.2 10.6 | 0.35 | 33.22 |16.83
4 | 953 | Northridge-0 | 1994 | .69 45 93 | 044 | 5981 |13.98
5 | 1111 Jgr‘f;ne— 1995 6.9 3.4 112 | 047 | 39.49 |11.85
6 |1485| CChi 1999 | 762 1.4 113 | 0.49 | 4596 |29.36
7 | 1602 ;Bszecy?— 1999 7.14 3.7 9 0.78 | 62.90 |19.67

- 10



<3 1.4> SRSS spectra of selected earthquake records scaled

= = = Design Response spectrum
= Superstition Hills-02
l.oma Pricta

Landers

Northridge-01

Kobe

09 |

= Chi-Chi
Duzce

Spectral acceleration(g)

0.6
Period(s)

to DBE spectrum for site class B

<3 1.4> Design spectral acceleration parameters corresponding to different site classes

Site Class Sps Soy
Site Class B 0.367 0.147
Site Class D 0.499 0.287
Site Class E 0.653 0.458
0.7 07
0.6 0.6
@0.5 @05
EOA _Ecu
$03 g0s
B E
g 02 S o2
0.1 (18}
0 0 :
0 1 2 3 4 0 2 3 4
Period(s) Period(s)

(a) Site class D

(b) Site class A (Hard Rock)

<38 1.5> Design spectrum used for comparison of scaled earthquake

« <8 1.6>2 X|utx=Z4 Dol
et A A Z =

7120 v mE

records

gste AAAHERS
XZg 30m Tl Al RS SIAIA T xIFL
sl Yxsts We ¥ & AUck

Passed through soil model
—— Fixed base peer scaled

|

o
n

Acceleration(g)
=)

l"’
il |

’ I.\W [T AT Pe——

'
ot
n

10 05 20 25

Time(Seconds)

30

<8 1.6> Comparison of the scaled Northridge record and

the bed rock record passed through the soil medium
- ‘l‘l -

0| &35t01 scalinggt Northridge X%l
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Bare Frame Fixed Base Interstory Drift

1
1 Site-Class B
1 Site-Class C
4+ ¢ ——Site-Class D
1 Site-Class E
1 = & =DBE Limitstate
1
3 o
i '
2 1
o k '
2 L
=%
N

1
1
&
1

1.5 2 2.5
Drift (%)

<8 1.8> Maximum inter—story drift of the model structure

with fixed base on different site conditions

1 0 6]
LA
0.8 ® -
@ (@] 1.2+ ® o
<06 S
= = 0.9
= b=l
o
04r 2
0.6
= 0.5¢m Jacket Thickness )~ 0.5cm Jacket Thickness
02t ~@ 1.0cm Jacket Thickness | | aal ~@— 1.0cm Jacket Thickness| |
@ 1.5cm Jacket Thickness : ~0— 1.5cm Jacket Thickness
~(O— 2.0cm Jacket Thickness ~{~2.0cm Jacket Thickness
0 : : : : 0 : ‘ ; .
0 0.5 1 ) 2 ] 0.5 1 1:5 2
Thickness (cm) Thickness (¢cm)
(a) Fixed base (b) Flexible base

<8 1.9> Maximum inter—story drift with jacketing using steel plates with different
thickness, site class B

¢ <38 1.10>2 A= dsAEES dHd 0of sHMEHe HIEdsE 2HESHY| 250
10mm ZE+17iel 2 7tz Edet 42 A e & etEste RS LB o
o

Mz 2det B9 15

5 5
—— lcm jacket + W6*9 chevron
- two W6*9 chevrons
4l N -
3t & .
g
[=]
@A2f 1 ]
1} i
0l ; J . :
0 0.5 1.0 1.5 2.0 2.5
Drift (%)
(a) Location of chevron brace (b) Maximum inter—story drift
<% 1.10> Seismic retrofit of the model structure using steel jacket and chevron

brace

_13_



a
b
N

- SIX| UZEZ ARoME £ ASo| YRIEZ MA Al X|gte] HE2 X ZEH 42 S5t
of X5tz Brlgtezm ZHHEoR Te{stn oLt XEh PxE ASEES DeE A9
siE UZRIEZ M Zote 23 YIMsS #EsX| 2 # ooz, obME LEEY
MAE elshAME xlgtel Pske 2ot Maksty| maisteE Zo| Zestot

2) X|gtx=Ho| E HIE|Fxe| UWIEH  AZY DH

- XEte REe 2

Winkler Foundation (BNWF) ZE2 & A3 ZZE|F7=X2| X|HI-7x AMSEEZ M2 =3
stil, X|"b=Zof| wE HAEL &

ol
i)
i
JIN
ol
_o'ﬂ
¥
n

(1) Xlgte] BNWF 2=

« BNWF Z2H2 <TJ8 21> % <T@ 2.2>0of Liept diep Zo| X|HbZ  QzSimplel,
PxSimple1, TzSimplel & Ml &/l AZ2 S 0|25t X|Hte| Etad Hy A LUAEMES
REFeC <E 2.1>2 = dAFolM ALZE XEHEY AlxE LERHCE

L]
shear wall elements — °
SK;:: 777777777777 = g
L]
——————— I e o e
°
L]
7777777 8 o e e
nonlinearBeamCoulan clement ~ .
i L]
> >
> >
Eigaaiige [ igisiay iyl
the modified beam on nonlinear _,/

Winkler foundation (BNWF) elemeni

8 2.1. Modeling of Soil Structure system

/7PySimplel spring

S

:

\\\\\\%«\\\\\

Win - A SLSL \;TxSimplel spring
QzSimplel springs

<8 2.2> Schematic representation of BNWF model.
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<38 2.3> QzSimplel, PxSimplel,

Beam node j&

o

Drag
Closure

Near-structure
plastic response

I— Plastic

Damper
Elastic

Fixed node—/

<i# 2.1> Parameters of soil profiles

Far-structure
clastic response

and TxSimple1l material models.

Average properties in zone of influence
Soil profile type Shear wave velocnysérlne/cstgz) Weight density (ké\lélrzst)ed
Range number Range number
[760 — 1520] 1140 22 < 23.5
[360 — 760] 560 [19 — 22] 20.5
[180 — 360] 300 [16 - 20] 18
180 > 150 [14 — 18] 16

Attenuation

Point Source

CxS(f) xI(f)

<O 2.4> 28 X[ T2

« = Aol = XI5t 30m Zlolel X|dtof| thet XX ZEZFEAFE LHHSH] X|E-Fx
A2 flet Y XTe2 ALSSIQICE
- Agke| BF grs Xgtel Zof, E, 24 Sol wEt g2An, =

one—dimensional Square—Root—-Impedance (SRI) methodE O0|&35t0{ gtdt X|&IQ|

Site
Amplification

Z(f)

D(f) x G(R)

~
=0y

£ MEsSICE xgk 2ol zo|l M X[gke| Hs4= Sz ol 7+ 5 Arh
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—

« 2 AFollM= PEER NGA databaseOlA{ ¢tel
2.1>0 ERH X|8E A& o|Zsto] tdh AR 30m X|ghol| cfet SFEAFTE <8 2.5>0
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« <13 2.6>2 ZSEZHFE 0|83510d ZE5 tut X|FIT|=E9| Fourier transform2 LIEILHD], O]
A9l inverse Fourier transform2 &35t0{ X|dtg Sutstoy SZE X & JIEEE 7 = U
Ct. O8 72 gtk X|dhol| siEst= DBE &2 MAAAHEZHI HMAAHEHSZ =HE 7
N Xze SE AHERZ S LIERACE

U AEX|E =Fzo 2 F=H™E 770 XS 2t X"k EMof| u2l Square—Root-Impedance

S
(SRI) methodE 0|&5to] SFE AT M5t RE[F=x2| X[Tsi Mol HESHCH

site class S.

AR site class §

=

B
C
|
| site class SD
/ | ]
- site class 5]:

W

Spectral acceleration (g)
[3¥]

107 107! 10° 10’ 10
Period (sec)

<g 2.5> Amplification factor for different soil profile type.
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Fourier amplitude (cm/sec)

RSN-725 - Superstition Hills
3 RSN-767 - Loma Prieta
RSN-848 - Landers
RSN-953 - Northridge
RSN-1111 - Kobe

4 RSN-1485 - ChiChi
RSN-1602 - Duzce

102

<@ 2.6> Fourier transforms of the selected earthquake records

<ag 2.7> DBE

o
o
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------- RSN-767 - Loma Pricta
RSN-848 - Landers

————— RSN-953 - Northridge

=== RSN-1111 - Kobe

-= ==+ -~ RSN-1485 - ChiChi

- ==-=--RSN-1602 - Duzce
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<@ 2.8> Maximum inter—story drift ratio of the building with fixed base for different soil types.
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<@ 2.9> Maximum inter—story drift ratio of the building
with flexible foundation for different soil profile types.
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<@ 2.10> Time history of the first story displacement of the model structure

with fixed and flexible base
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< 2.11> Maximum inter—story drift ratio of retrofitted soil-structure system with flexible base for
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Retrofitted flexible base
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(a) S, soil type - RSN 848 (b) S, soil type - RSN 848

<% 2.12> Time history of the first story displacement of the model structure

with flexible base after retrofit
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| Select yield strength of damper |

@ ' single-objective optimization(GA)!

[ Generate initial population | FiEmmmmenmns s oy
' Compute objective |

J:/l? ! function values |
___________ o SR D e A )
Process,

*( Objective function

E Compute eccentricity of retrofitted

Parallel processing

E Process, i‘ l’ Process, l E
E Optimal solution, E
i ' ______ 5
! 4 validation function :

structure

Run nonlinear time history analysis .t

Compute mean MIDR 3 —
AN
Acan MIDR
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(a) Structural plan (b) 3D  view

<3 3.2> 5-story analysis model structure with soft first—story

(3) HMAMAE 9t WRE|TEO FHAMDY
H

= M8 siA S O|28t genetic algorithm 7|8t M MHAE 2/5+01 OpenSeesPy=
0| Bst¥ct siMAIZES THESH| fI5t0] 7SS fiber ZEO0| ot &E AMeIX|2EH =z ZH
2stQUct sHAMAIZEE EHESHY| fI5t0] MR MEH F X+ 'wide-column analogy'E ALEst
of BHMMOR TUSIYON, HAZT} AR MEhHS SMMOR HEshE Ho= e
ct
~ oy I~
5
] N \ i} | | Elastic
A ] Navertical
\i-—\—'_ H— N | | element of
h I >\ wide
N N N column
\i'—‘ I analogy for
o > ‘fﬂ: "\-——— modeling

a
Ground floor columns with
concentrated plastic hinges

<38 3.3> Analytical model of the case study structure
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<8 3.4> 1AI2= & 4tal mode shape of the model structure
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(4) HRE|TE iAol YRNS B}
AR JARASE Hote| st <E 3.1>00 LiEf 72l XIFE ogstof HIMY =
MalAlg Sa sttt

<3 3.1> List of the earthquake records used in the nonlinear dynamic analysis.

Earthquake Name Station Name Magnitude Sequence No.
Friuli Italy-01 Tolmezzo 6.5 125
Superstition Hills-02 Poe Road (temp). 6.54 125
Loma Prieta Capitola 6.93 752
Superstition Hills-02 Superstition hills 6.54 721
SanFernando SanFernando 6.61 68
Imperial Valley-06 El Centro Array #11 6.53 174
Imperial Valley-06 | El Centro Imp. Co. Cent 6.54 721
« <38 3.5>= HAAHEZHD F7| =FE 7 AT SEHAHEZHZ LIEHACE
’ MCE Spectrum
Mean Spectrum

1.6 : RSN-68 San Femando

-~ RSN-125 Fruili italy-01

- RSN-169 Imperial Valley-06

— RSN-174 Imperial Valley-06
RSN-721 Superstition Hills-02
RSN-725 Superstition Hills-02
RSN-752 Loma Prieta

Spectral acceleration (g)

0.4

0

0 0.5 1 1.5 2 2.5 3 3.5 4
Period (S)

<8 3.5> Target MCE design spectrum and the response spectra of

the seven earthquake records
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M<— Shear spring

(@ «—— Siilf rotational spring

(b) Installation scheme

(a) Analytical model

<8 3.7> Steel slit dampers used in this study
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thickness of strips, b

stiffness coefficient 1.0, n = number of strips, t
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<8 3.8> Optimal locations for each number of dampers based on eccentricity
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<18 3.9> Validation result for each number of optimally located dampers
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<13 3.10> Decrease of mean MIDR of optimally retrofitted structure
compared with that of the bare structure
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Steel plate fuse

Steel column sechion

L~

ancmthelie X@ Installed damper _/

(2) (b)

<38 4.1> Proposed retrofit scheme: (a) configuration; (b) installation scheme.
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Nonlinear rotational
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’ B 777777
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<3 4.3> Design procedure for the hysteretic—column

o
aT

QA

a

Consider arbitrary capacity of damper F
and target interstory drift &

v

Assume elastic deformation due to steel
column, e.g. equal to 4/10

v

Choose proper column section using
moment of inertia I = 10FH*/ 12E6

v

Calculate plastic moment of fuse
JVIP =Fl/2

v

Design number, thickness, and width of
fuse sections using niw* =4M_ /o,

v

Consider larger width of tapered section
w, close to column section height

ol

Damper displacement at
yield onset A =24, +I8 +4,<< 4

IMS E5 A=HS
-1 = O - o o 0o

= Detailed FE model
Plastic analysis

== == Macromodel

-50

(a)

-30

-10 10 30 50
Displacement (mm)

0

(b)

damper

Maximum principal
elastic strain

0.0019991

i 0.0017745
0.0015499
0.0013253
0.0011007

&= 0.0008761
0.0006515
0.0004269
0.0002023
0.0

<% 4.4> Hysteretic behavior of the damper: (a) Force—displacement curves; (b) FE meshes and the
maximum principal elastic strains at 1.5% interstory drift ratio.
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<38 4.5> Details of tested one-story RC frame and applied column dampers

<3 4.1> Cross sectional details of the test frame

Element Dimensions (mmXxmm) Longitudinal Transverse
Column 350%500 10 D22 D10 @ 265 mm
Lower stub 1000X600 45 D22 D10 @ 150 mm

Beam 500%700 Top Bottom D10 @ 265 mm

4 D22 4 D22
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<8 4.8> Results of cyclic loading tests for bare and retrofitted frames
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<38 4.10> Crack formation at the end of 2nd step corresponding to 1.0% drift ratio

(a) Bare frame (b) Retrofitted frame.
<38 4.11> Failure of RC frames at the end of 3rd step corresponding to 2.0% drift ratio
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<38d 4.13> Three—dimensional view of the case study structure
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<3 4.14> Structural plan of the case study structure: (a) First story; (a) Second to fourth story
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8 4.15. Fundamental mode shape of the case study structure
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<38 4.16> SRSS spectra of the seven earthquakes scaled to the MCE spectrum
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<8 4.17> Inter—story drift ratios of the case study structure before retrofit: (a) Maximum interstory
drift ratio; (b) interstory drift ratio at center of mass
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<13 4.18> Roof displacement time history at the center of mass (RSN13—Kern County earthquake)
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<8 4.19> Inter—story drift ratio of the case study structure after retrofit:

(a) Maximum inter—story drift

ratio; (b) Inter—story drift ratio at the center of mass.
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<12 4.20> Roof displacement time histories at the center of mass: (a) RSN141-Tabas; (b)
RSN166—Imperial Valley.
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Hysteretic behavior of the seismic fuses subjected to the earthquake ground motions: (a)
RSN141-Tabas; (b) RSN166-Imperial Valley.
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<8 4.22> Cumulative energy dissipation in columns and dampers before and after retrofit: (a)
RSN141-Tabas; (b) RSN166-Imperial Valley.

_38_



Rib plate

Splice plate —\ \\\N\\ 1

] I s (il a1 151
A i

Gap 3

=

a

o

Strong slit a5
damper [+

K o Splice plate
= Gap
apts Strong slit I
it damper

|
00w i g
| a0 i |

\—Rm plate | — -

Displacement fmm]

Wlag ] <l
4 Dy S
Rib ,\m/ g~ |1\.m-J

(a) Configuration (b) Hysteretic behavior
<8 5.1> Multi-slit dampers

=
« <O8 5.2>¢ JHEE 2o SSHIEo siAMZH S LIEHHD, AStE ZE2 ZHASE
1 Jtdst, €50 EXNsts F 20 ZE HEo| MEsts A2z JiMstl Mz S
St Ch
s HIMEHESE HOol& £8 FE2 plastic wen modelS AlE35t0d ZHIZ ST Z2mE =

=
elastic link LA4E AIEst0] Z&Z 51t

—‘ '—
F |L¢
—_—
Hook link Gap
Open Open link
A, A=FI/12EI, F a"'
Equivalent section — — Shear
of slit columns distance
Weak slit damper
_ plastic wen link
I, A ] = + Shear
& Elastic 1 distance
i link
L F M,
- Strong slit damper Frame
] 0 6=M,l /4E] plastic wen link element
) Rigid part
Open
| [ 27
=
Open
Gap link Hook Iink  Plastic wen link
(a) Configuration (b) Hysteretic behavior

<38 5.2> JEE "o siAzH

_39_

o
il

0
1

i
0z



A
SRHEHO| ol tfst RetasiMEE LIEIN, sHM2YE FI Al

° <j-Eé! 53>E %‘E" = = =
JH8si 2 gHeot S7teeE £30| A= F2o #Hy 2 2=Ho| HSotod, S7HHR 3%
olatel Helol= £5l0| utchstx| gt obY Aol AMHE S Hols WS & 5+ AUt

<JE 5.3> 7HE Hie

(4) e YmHe| vhe s A
- <O 5.4>E ZW SYH MEAel 37| MME LD, <1 5.5>E RC frame #h=
Jb4 A B9l Test setup2 LIERHACH RC AH = LREIHSB PxA SHS ygstol J|s
of ulstol 22 A2 AASUCE <2 5.6>2 MM MA@ ARES Lietdch Jtshz

o ¥

— =0
Mol oH2 V|ey ZMHEIe MY HMEE 4ES LS HESIUCE

1O =
500 800
150 500 150 150 500 150
#22 bole @100 422 hole @100
&
&
seswse |— [ ]| soeeee | || | s60ess
2 - 2
v e e e —d 2 & ‘e e s
=
3
- s e e s |— $%
il B 0z -
L] S 17077 as0 o
2 2(8 —_— =
1703 w0 31| = 11 1
it : 150 200 100 200 150
\I:EJ g < g
z||.. s e T —1 % 150, o 3% . 20 o ik
b o ]
Sl | oo ewos —t | [ [ e [T ] e
go e e oy o 2 S fo oo o s b
) ¥ = o T TE =
- s =
EE N g E
g 17030 400 30170
| 1| to@so-soo | | E| Ly tt L 10@s0-500 | | —E|
50 600 50| 8 = 4 2
a a
- TR [ 06, , ., . o0 ]
g =1 |, S IS
gl R
svevre ==t 7] | seeees | L] ] o600
o
1
22 hole @100 $22 hole @100 422 hole @100
150 500 150 150 500 150 150 500 150
800 300 800

<OE 5.4> LW ST YA A

_40_



Apphed force (kN)

=}

o HLHL
=T |
R—all B k:
L

L
BB

=

=

&

e

(a) Test setup (b) Test specimen
<ad 5.5> Z+E S5-Il RC frame AX| A

<38 5.6> 2 s3I RC frame AX| &

« <O 5.7>2 ¥ £ RC frame BHE7EAMY AotE LERHO, HEHIF HX =7 ™
of H|5to{ HEHII Mx|E = === 1.38, oflHX[422 3.38 S7t6H A2 LIEHG
Ct.
600 503 0 ——  Bare frame T
—— Buvhume [ (650, 2 ~ el e (12,23
400 | Z 200 ¢ with MSD (10, 189)
200 Eﬁ 150 L %E
= g |
0 &
T 100} i i
200 | % e
50 =
400 “¥ (29, 465) C i IM
600 " h ) . 1] ”_WJ__‘._:NV“ i i i i
=250 -150 =50 50 150 230 0 2 4 6 8 10 12 14
Lateral displacement (mm) Mumber of cycle
(a) I Mx| M=ol o|HdHES (b) AEA Q| off X[ ALk

<ag 5.7> 2 3™l RC frame BtE7tead e Zof

a =

_41_



- O
— N—r
SN—"

2R Ze EZER e (2xtH E)

JNEEE Zefele] HAb

« A= HXEZO AR 7[EL ZA =2 STOAM 2tME Feje| Zads 88 M A
st STOM Mx|st2=2, Fel & SEE(7F €5t J|E A= ZA = Atolo
=7t0| ehdstol EZ Syt 2ot

« = AF0AME ol JHe| THHES HTAM =25t ML EMN STH|I7F EEHRsSH, 7[&
A= it glo] YASt] MX| Jhsth ZA =T 2V |HE JHstict (28 6.1~3)

Z2.85m
04m 205m | 04m

(=]
3
- b
N E

| 21mm

30mm

Slot Hole Size

HE EEMZO) ; — L
=]
£
=)

<TEE 1> HEZ  2M2] =Y

< TEE 3 >RAE Z BN TEE S 88

r { H-200X200X8TX12T }
gaois2n 83 <

#HolEna 84

A

TdE 2> TEE

{ T-200X200X12T )

<8 6.1> M=o A o M 24

_42_



2.85m

2.05m

| 04m

04m

30mm
Slat Hole size
M B E (M20)

T-200X200¢127
H-200X200XETX12T

0=
=
[H
&
ne
og
0z

<38 6.3> RC = M

ste4 Mz
= EAS A2z, &
st04, RC 7| st

1 x| & A

o

MIDAS% o|-g35tof Z EH

371e Zx =g

o“ 2 20| Y=

- 43 -

" wyg

2

WET

W |

Jm

—

S

’é‘l

sth
=



oS i
A3 IS0
AT
= ..+'.' LB
4 +7 AT im0
= .-!_'.!m+|'.ﬁ-
b | AT
oo .'I.'.-H}SI'II.“
Bl
i & T
" en e o
3 I:‘\.EE'!‘-'H-G“
i S

R s

[oars] SW W WHHY (B, [LET] WL e

o] A e 0
+ 12T 40005
+1.08 TIEes 000

+ T ] P+ 0EH

A5 A 0
+ 2 ST P

+8 Sriiee 0|

[Dwta] SW, wH WYY (R, [LMT] N, =

N
I
o
(@]
N
\V4
=]
o
kO
>
el
1=
o
Ofm
o
M
=
rc
R
2
x
1o
00
Ju
Ar
H

elel HEdsE 435 f15t 15 RC ==x2 Wi EZo HES|

o, 22 M XA SE Hluwstct

« RC == AdEx= Z2E Fx9 M52 HENY| f5to] 7| S0l H[Std 2t o2 IH MA
StYch (28 6.5). <18 6.6>2 ZAf Zegez HZE RC AYHAHE LiERHCE

« <O 6.7>1 <7 6.8>2 vtFII A2 ISt test setup ¥ SHE protocolE HHEHHCE

_44_



-

£ :4—' T._i':_:.—.
- MSD-30. WEE|RE W&
— — T .
: = | i
E 2k |GB1 | I
L col Mz ciz 1,0
| Ca &l ci plg
- . ) na
_ c2 1-1[’3:1:5 iu [
- . | CL| o C4 o e
TESEY F 1l IS H SRS I =
] 3 B CHEEH i §
| — 1 LY i LR B
D " g 1= ime ,
<3 6.5> AsAd"ES /T RC 2 A
UF2 = 10x2=20EA
A
[ o]
T T Y
q T 3 T zlls : 3 3 3
o I [ metaing Ty . -
w - - I"u
LY | o
™ e - —i
T —_ I
g Ll o e o
s 8 A = B
{" = - - ‘{|‘
E - - ﬁ
gb T __medging s % %‘0
I - - - - - - - -
il= - - oW .”-i - - !t

L'l
I
QFF}IH 4= 10x2=20EA

<72 6.6> EZE RC A

_45_



4.0m

35m

—] 3.0m
TRICCTTTTTOOTITTT T (o ] Acater

— 7] ] 2.5m

T
s |

2.0m

1.5m

I — —— -
I ——— -

1.0m

0.5m

M L] o o 0 im

<18 6.7>

ook
o
410
l
—
D
w
—
w
D
o
[y
©

2000

150 7.00%

5.00%
1600

3.50%

. 2.50%
30 - | 500, 200%
500 0.75% LO0%
596 0.25% 0.30% 0.35% H3006 A A
o [Liepzsenuns 035% BE% A A A A

zvnsz$V%vwvwvwvwvvvv 1

Displacement (mm)

-50

-100

-150

-200

Cycle Number

<18 6.8> History of the cyclic loading

ZHZ s 24 ™ 2f 430 kNollM EZ = 550 kN 22 2F 250 kN &7tst¥2nd, =i H
?l= 92cmolM 128cm2& 2F 140% &7tet A2 = LIEHGIC.

<38 6.10>2 2Z& dEA el uidas LiEo{, RC 7[S2| &-Xttuotu|of Zix| =z
of THZ-HYEZY E 72 oz ¢lstol 27t 24514 X5t=of ofof tigt 2o HR
Ao 2 LIERRCE.

[H

ro oo

_46_



Bare Frame Vs Retrofitted Frame Test
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<18 6.9> Load-displacement relationships obtained from the Bare and Retrofitted Frame test
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<38 6.13> Example structure used for application of the proposed retrofit system
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<i 6.1> Ground motion records used in the analysis.

Rupture PGV
anroqnd RSN* Station Magnitude  distance PGA (g) Year
otion (cm/s)
(km)
it Poe Road
Sﬁﬁritg'zon 725 6.54 11.16 0.47 33.14 1987
S (temp)

Kobe Japan 1111 NiShimAkash 7 gg 7.08 0.51 40.31 1995

Chi=Chi

Taiwan 1485 TCUO045 7.62 26 0.55 63.24 1999
Duzce Turkey 1602 Bolu 7.14 12.02 0.71 58.03 1999
Fruili Italy 01 125 Tolmezzo 6.5 15.82 1976

Cape .

Mendocino 828 Petrolia 7.01 8.18 1992
Hector Mine 1787 Hector 7.13 11.66 1999
« <38 6.15>= iAo 2Hol WXMHSS HItstz| st 77 X[ES o|&¢et H|ME AlZto|=
MM S sty 2t o zSHHYE LIERA ZHo|ct 24 M sz sAZn 770 K|
Zlol| o|st 15 =t S7HHR(7F StAME ¢l S112] 1%E Z1fste A2 2 LIEH 2 A70iA
JHebEl 2R Zels B7F d2hof| AX|st] LR EZLS Sl
- 15 712l dZ2H ZM=eds MAxlst 49 ZE X|Zlof oisto] =cf ZS7HH7F SHA AlE

£ DHESE He =z LIEGCH (28 6.15(b))

L1 L 4
Supersttin Hills Superstition Hills
Kohe - Buibe
ChiCha 1 At Chi Chi
| Dherge | Dhusce
Fruila | Frumli
Y | | — '.L[wulm'q.lu ) 1| (I Capomendo
P S | [ 1 | Hedor
= a
=] ST é —— Avermne
Ll lematsiste “1 . Limitstate
3

. 0N
i 0.5 ] 1.5 2 25 3 0 L5 1 1.5 b 15

]‘.I:tr.‘i.["ﬂ] Dt (%)
(a) Bare frame (b) Retrofitted frame
<8 6.15> Maximum inter—story drifts of the model structure with fixed base before and after
retrofit

4
.

< XE-Tx 4SAEel 5E 12{stY| fI5t <O 6.16>2F Zo| X|gHS Cio
Al

2 2I5t= BNWF (beam on nonlinear Winkler foundation) 22 & ~ &3}01

o X|Hto| Hekg it XXM S 57| fI5t0] et SF (bed rock)dlM SHE X[ ZI7|
& Fourier transform <& 6.2>= X|HIExE A S2EsHMof| AIZE X|EF EMH S LIEHHCH
= Mool T = HdkX|dho]| SHEstE e 2 JHE ST
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dispBeamColumning element | 4 +
_\N‘_'_—_"_—_'___“___“___.
; L -

nomlinearBeam Conlmn element 1
:—: § [ #

=l Tl O SRiLiigE

the modified beam on nonlinear /

Winkler foundation (BNWF) element

<OE 6.16> HAHDHe| P U XUTE MEEE BUY

<3 6.2> Parameters for selected soil profile

] Selected ] , 5 Selected
Shear wave velocity Weight density (KN/m?®) ,
Shear wave Weight
(m/sec) range , range _
velocity density
[180-360] 300 [16-20] 0.213

<22 6.17>2 Square—Root—Impedance (SRI) method& o|&35t0{ Fst XS] &
LIEpHCE ettt X|XIZ|E & Fourier transform st SEH| 2
transform)sto{ Ajethof| 9|3F04 SEE XI5 7 = U

=
=
o}
ZZ2 AF7|2e ol8stol siMRYel KFsAHS SuEH Zt
Hto| &

ot £ <38 6.18>0 LtEfRA
Cf. <38 6.18(a)>E 22 M HMHIE LER 0], Rjgte] EIHE Tafsly| M3} 8|DE o
(28 6. 15( )) SHHLR7E BTtk A2 LIEHRCH 15 7t20 472 ZdMzgede=z &
Zot Aol B2t el= SHAHMERE Zotste A2 =2 LEHRCE (O3 6.18(b)).
% - - b & - ini =

g

= _ adie s

C = I3

=

|I;I

&1}

=

T it [ Tk i
Pervnd (sec)
<¥ 6.17> Amplification factors for earthquake records
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|—-l;m- —rrea
| ChiChi S——C T
i_ = _:hh.c,_,l 4 ——Dmache
L Lol = = = Limitatg
] s
g.
ﬁ
B! i
[ 0% 1 1.5 2 x5 3 o : = i :
Dreifh (%) " 3 : s & 5 !
Drifi (®%)
(a) Bare frame (b) Retrofitted frame

<8 6.18> Maximum inter—story drifts of the model structure with flexible base

« <38 6.19>c= oM 2H 15 F Zzhol| AMetel 2R =eeds dxst 4o sfMALE LE}
o, X|gte] 2tE Dgt ZRoE I SZHHRAIL SAMENE HESI= Aoz LIERICH
oA ofX|dhol| f{x[et sHAM 2ROl AAM X|Ete| FE T25to] XL SES HIte 29 15t
A 2 4ol "lsto] XZSHEO| FTtsts A2z LERCeH, ZuHo =z SHAME S 2HE
St7| flshM= 2ot B2 o ZA = o] 235HUTt

3 il a—
K ohe
— I Chi
d = Duiche
- = -I.|.||m\u|u.‘_i
E|
=
g
]
I.-ﬁ II" 1".5 ]
Drifi (%)
(a) Steel frame locations (b) Maximum inter—story drift

<% 6.19> Two-bay retrofit scheme of the model  structure with flexible base
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(a) Loading step 1 & step 99| T/LH

(b) Loading step 1 step 99|

td

X

<J8 7.4> 3

loading protocol

=

i
step 9

ol
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=

LIEHH T,

e

al
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600

Retrofitted Test Result
I — Bare Test Result

4
o
=]

rJ
]
o

-200 r

Basc Reaction(N)
]

-400 -

-600 ' : ' : :
150 <100 -50 0 50 100 150

Displacement(mm)
<3 7.5> 3XAE MEAH (22hH-T/LEZ ZM =] RC frame “t=7t2Ad 2ot

AL

¢ 2RMHE AT SUSHA AEA S M2 HIME SHMZ 229l OpenSeesE 0| 23510 =3
siieny, HMY Hs2 4 XMZEY HSeIX| 2HQl Modified Ibarra—Medina—Krawinkler
Deterioration Model& Al235H0{ 3l 45195 Ch

« <O 7.6>= Ad Zopet HMUY iMEHZS o|ET i ZE BluEt Aoz, JEE 6l
=

Mpd 2 Ao old3dE HEsH EHSte A2E HERRCE 0[F 0[&5t0 2 =a
2 0|88t =¥ == ELMAIt Jtssict
600 Actual Test
—— OpenSces Analysis Model
4001
‘.-Z.:’ 200
2
2
5 0r 1
(4
Z 200 |
m
-400 .
-600
-150 -100 -50 0 50 100 150

Displacement(mm)
<38 7.6> 3XtAL AFH (20hH)-T/LEY 2 =Zel(2ehe AyAD 3 HMH
MRS o|Est o F
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8) MM HE

CleE YEEY|H AHMA BAMS sl JE WABYIIHE SHE BRT Ut oD
2 2 AZH W SUYHS MY

2 2 2 a ofla’ e s o o
oooooooooo

oooooooooo

<OE8.3> i R EZT|H
(T/L&EZ 2R =Zaj 2l (2¢2h)

< JlE WREZIIY SAIE MH ZAHoIZZa HUBH) MY FUS =Mz o
Mot oo, JHY WYWRIEZY|H 2 XAfY|, M Ed|, SAHHIE AP SHICH
- J|E UREYIE (052 22LBY)
© 35,465,1292 (AFR{H|+X| &t [+3 Atd])
- Y WHREZY|Y (ZE £SHE)
13,932,939 (AHAHH|+H| ZtH|+S AtH])
ZEEUn(1 ) HZ 3 dEs
a9 3 o | =" £hat =9 WEE
ZHi= 5 e T EA 1 4,500,000 4,500,000 79%
Engineering Fee Damper Test e | 1 1,212,507 1,212,507 21%
& A 5,712,507
S3bH 10% 571,251
9% 565,538
+5M 23% 1,445 264
3 H 8,294,560
B AT HZHH| 27t 10,782,929 27
CHEEAUEHM L) AMSH @ HER
&89 ] o | =% =243 = WEE
HxH| E0i8 40 1Y o 4 300,000 1,200,000 38%
x| TpAgH| Achor 2] | 1 500,000 500,000 16%
Op 2t HAs 9 Oxe opt | A 1 500,000 500,000 16%
EhH[H| Ston 2 A 1 650,000 650,000 21%
7|E} #H| 2|+ 2|8| - | 1 300,000 300,000 10%
B T ASH| E@7t 3,150,000
SHEEIUEHON 7| HPINY| ¥ HHEE
&% ] oY |+ £t =29 WES
H|ZH| HEEalEE & 1 10,782,929 10,782,929 7%
Al EH| =gl YH A 1 3,150,000 3,150,000 23%
o HAE EE S A &7t 13,932,929
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- N HEEZVH (T/LHE 2A = g)
32,5670,929% (RHAH|+HM| ZfH|+S AtH])

T/AET ZWSYUNTYL) HEH BT HER

£93 T3 oH | mad) =4 H"EE
TLED dH=H% EA 1 5,500,000 9,500,000 B9%
Engineering Fee Test 2 1 1,212,507 1,212,507 1%
== H 10,712,507
74 10% 1,071,251
9% 1,060,538
25N 23% 2710264
E] A 15,554,560
of 75 HEFY| 7t 20,220,929 =3l
TR AWEH UML) MSH @I MEE
=3 5 oA | £t =% H"EE
ELl ExQ5 40 72 o 28 300,000 8,400,000 65%
R K| Achor 2 e 1 2,000,000 2,000,000 16%
Otz EAF R OMAOHE [ A 1 1,000,000 1,000,000 8%
e 5ton 35T = 1 650,000 650,000 5%
71t gy B2 Z %= Y| A 1 300,000 300,000 2%
of =2 ALEH #7t 12,350,000
TAEZ BWEHUAE 7IE) HPSMH B ME=s
£y ] ool | 4% il 2% ues
H| & TLEL =YY e 1 20,220,929 20220929 62%
Al ZH| TLELD =YY = 1 12,350,000 12,350,000 38%
oF AT RESMH E@71 32,570,929
(3) LE 27| Mz JHa
i =. = = = = L
H2EY Ad=o HHEZVI™EE HESto] dx JHas WHSIRTE 7|& WIX2Z7|gHe 2=E
= = = — = = -
8 IRl MBsigon, Iy WANEZI|He YouHE U2ETxe| ANELLIXE HY
skl elet YL E T|E Mt ExtE S TEE 28 X /A #H eE M3t
S A ZHSHo| LA E WEZEAE ERlet = H|Md {4 S S350 otrleel 2
[=| = = = = AL = = = =
UE 0TS HESL, WHRSA| e - X2 /X H VS MxHsts ERE AM ME
= Z

8 9 10

<8 8.4>0ptimal locations for each number of dampers based on eccentricity
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Maximum inter story drift ratio (%)

(I )

! ! L

RSN68-SanFernando
RSN 125-Fruili italy

RSN 169-Imperial Valley
RSN174-Tmperial Valley
RSN721-SuperStition Hill:

+A®-0

A RSN752-Loma Prieta
—— Mean

- - Limit state

¢ ¢

s
RSN725-SuperStition Hills

1
o

3 5 7

9 11 13 15

Number of damper locations

result for each number of optimally located dampers

= - = - — [

n n n | N u I

[ n n | n »

[ u O u [ — |
<

SAH (170 2) ()

T SAHEI(Y)

35,465,129

283,721,032

1670 2

13,932,939

222 927,024

671 2~

32,570,929

195,425,574
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