(

HR
X=)

18CTAP
-C1297
36-02

7]
i T

=
A =
= g
o}
E

Ly

&
o
E | =
74 ©
&t
B
Y
A =
Eﬂ

A

st
H
g;

MR
., o
3
2
i A
o =

E
i

M
M
2019

1z o kI A
o m N 1 B Mo

2019. 03. 29.

o

=3

P

=

TERSHE

(MZ27|8h) st=xasty|ed




H

—r
110

K0
o
[0
P
<

D
ol

T 7|

(@

|

~ 2018.12.31) 22|

:2017.04.01.

7t

2019.03.29.

A
fol
—
ol

Ly

@

g

el
Ki-

ol

(CH =X
(CH E X}

Ly

IR

[

g

LHo

i

04

T

@

K

Kd
70
%0

3l ol
"R
Ny

gl B g

K w0

ol
"
@

KO

BIOM Lo

=
S

=

HM29==of cc}2t

x~
S
L k.

2R

hed

HEA

7

?_

i

O

o
4
I
1o

= EW

S
=

ol




HIOM QoA

18CTAP-C129
736-02

A 2018.01.01. ~
2t 2018.12.31

SAliY

M A

o1 2HH o

Cf oA

EIAEMN 7|8t AOIE

M ohH TTTT %S
HE:122,0008 &
=- o a7} e
sges | S 12 ol vy
ol o REEE Ml
4?—'HOIX|. X & 71|: E%
SRS EES -
I °F 5250, 000K &
17} = 109y olZk: M
o U 10y HEel: A
oo o A= M
A He
77|y o sty sel (s 32
A% BMY 512 & 5t}
aHzZEon  AHEY M o7y By
o|Etof A7y o =Y
x U - 29 J|s7iE HEE2 AFINLAE M J(XS sez 43
oA 71 2k 1f o
Hotsg o
e
of M1t S5 -7(|EHS
NEES
- HIM Jlseek | AZE -
= =] Ex Sl5h =
T2 =2 | 59 o= e oo | HE OEJ e &
E=.7]
g s | 4 1
=7ttst| & AlAElo| SE8F AFAIM - B| b
O: M Z: ol 2: i
o ATAE 7 cojeige T H7H H| T NTIS
- Zd|H (e (He) MR EHA) SBHS
EF/AE HIEXE et R H2lAEH =A H AKX FrjdH| oAby BN m 61
HIMM(FtEEY, HoEd)s SF =™ digd| A
M=z geje| AnlE J7|x=ZAHz|% X =
2|CH 100% HEES 123t Ao} x| S5 SHAE
A0lE 7|222|FFE 0|83 ¥ %3




|
r
A
0x
or
0%
0z
1o
do
9
=
o)
ne
AL}
|>
HT
2
ﬂ
]
=
ol
3
=
0x I
el
A
Fl
dm
0x
H
nw
o

» AOLE HAER MEZ Y b5 gL 5

- ADIE J|E2Ze|&%| S8 MAH 7|t AnfE HEER M E

- SHE 285 44 HoMel X SM It +™
st Al Me =™y} 43l

- Passive/semi-active HIHE &
- HtE AEE S5 MR 22 Hlw (Lf7A "I}

- WR WotrEn] Aol BeE AMYR, DR(Natrix)el B8 W Ach IR
a7HE T/ 2

» MR 2tE =0|7] ¢l wHoe =z HIUIA Q| dH|go wE MR E2HE H|wsto]
.|

H i g E M

» MR HEtAEM XA Yo w2 SEA /o9 MREO| S MR =2 H| /&4

» J|E=o HEIZX|OA LHMSIHE SHAIE 25 = U= MZR gElel ADIE
J=A|ERE N 2 HE

» HEE ADIE J|ZZH2(EXE &850 SHEHMAYEES S5ty HIANS H
712 S&l| passive MO CHH| semi-active MO{E S5t HIMso M2 O

o}
=

- M2 Helel ADIE J[ZZeAAY 752 83 MATIE JH54 Fof
- |Eo| AAToIA LB
2 FoHEtD HMANSS WIIORM MiHOIM BE JH5N B}

» YR E HESHH HISBo| Mx[E HIFR|IL KT AHXE EF3517] =2
CH0O

of 4F7=x29 2 FA ctHE £ + AU0M ZHH ZHAA 72
» BT AAERE V[E AES WIEZVIHoREE EEH 8 Vs EMN 22
Yot BHE Mol HME 3 AE st oF M S5 MAE &
ol=
A O
=01= 47 !
MR YE2IAE MR =1 o M Hs= A O
A2t B P 7| =243 | =& Mo




< SUMMARY >

Purpose &
Contents

= Purpose: Developed MR elastomer-based smart foundation isolation device for
civil structures and performance evaluation

= Development and design of MR elastomer—-based smart foundation isolator

— Estimation of optimum mixing ratio and modeling of material properties to
improve seismic performance

— Electromagnetic system design for improving MR elastomer seismic
performance

— Integrated design of smart base isolator

= Fabrication and performance evaluation of smart base isolation device
Fabrication of smart base isolation system based on integrated design

— Dynamic characteristic test using shaking table

Performance evaluation in laboratory environment with passive/semi-active
control

— Comparison of MR effect through repeated experiment (durability evaluation)

Results

= Comparison / analysis of the maximum MR effect according to the ratio of
magnetic particles and rubber required for MR elastomer fabrication

= Estimation of optimum mixing ratio using additives to improve the MR effect

= Comparison and analysis of MR effect on isotropic/anisotropic MR elastomer

= Development and fabrication a new smart base isolation device that can
overcome the limitations of existing isolation devices

= Performance dynamic characteristic test and performance evaluation through
semi-active control

Expected
Contribution

= Possibility of designing technology by building new type of smart foundation
isolation system

= Propose a new type of smart base isolation to overcome the limitations of

existing base isolation and increased availability in industry

Economical benefits for possibility to reduce the cross section of the main

member of the superstructure by absorbing the earthquake energy through base

isolation device

= Advancement of promotion of remodeling-related industries and problems of
structural aging by widely utilizing the base isolation system in seismic
retrofit of existing structures

Keywords

Smart base Seismic Semi—active

MR elastomer MR effect . . . .
isolation isolation contro
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o Offrorenneneoos P ERECECEEPEPES R RSRCRCEERLED
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oL TR EP e e T P e T
=2 l i
g OOBk==========22cccc-= :_ _________ == :I_l“_l..l,...u-.u'_' [T jmEsssssssssssa s
a o et : !
] 17 | S LT R AR —— AR —
Y. <CrIEPPPPERRRE beeeeeeecconananes tesssssssssssasass -
% T = 30 35
Iran volume fraction (%)
a2 3.7 & BId|gof UwE MR d2tAEMHe ZiAH| B35}
E 3.5 7HEE 9 LLEE 2olo] crorst uiptulof Ut WR WAED AE TN (X H[S: 35%)
Al C20N20 | C40N20 | CBON20 | C30N40 | C40N40 | CGON40
FrEsa ®It2F (phr) 20 40 60 20 40 60
29 M7tk (phr) 20 20 20 40 40 40
e 13.5 12.4 1.7 10.9 10.2
= X 79.6 78.8 79.9 79.1 78.5
0 I sal 2.7 5.0 2.3 4.4 6.1
(%) X 2.7 25 | 4.7 4.4 4.1
7| E} 1.5 1.3 2l Al ol 1.4 1.2 1.1
e 48.3 449 | (m™ME) | 42.0 39.4 37.1
o X 35.0 35.0 35.0 35.0 35.0
FufH|
0 =L 4.9 9.1 4.2 8.0 11.3
(%) oo 9.7 9.0 16.8 15.8 14.9
7| E} 2.1 2.0 2.0 1.8 1.7
xphr (Parts per Hundred Rubber): & &2k 100 ctlof| st 28
¥ 3.6 8 MuAYH(=slslE) =A
dot WEE | ol Fas NESETL
NE = RFIE ] o1z () F e
(%) (Hz) (Tesla)
M E o|=% | 25, 50, 75, 100 0.5
1 0/ 0.94 Atz
Falg olEg 100 0.5, 1.0, 2.0

_25_



Odf------tommo-
= D8 mmm e e L T gl _
L e R e
A= mmmdmmm e o - e R g - - -
LN S <~
R Rl " = g Rt R Rl R EEE SRR
202} - - gl e ro----- To-mmm -
w B I o e
j"‘" ! ! ! ! * 084 Tesls
35 -1 -05 0 05 1 1.5
D& placement{mm}
(a) C20N20
0.5 0.5
0.4 0.4
= 0.3 = 0.3
% 0.2 % 0.2
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= j e
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0.1 , 501
2 .2p- : 2 p2;-
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j“' - : , : , . ﬁ-“ ! : """ « 0.94Tesla
—'?.5 -1 405 0 05 1 15 —'?.5 -1 05 0 0.5 1 1.5
Displacement{mm} Displacementmm}
(b) C40N20 (c) C20N40
0.5
|:|.4 ____________________________
T £ e e . oy~ il PN I 5 | Bttt St iy T
% 0.2
DAp------1-m oo e Y - B Dt Ry W - - - = -
5 0
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260
25 210 25
=00 <MEMO>
—DC 90V 7I&E 5A
///VI/ —Zd: @30.8 °/4(4000Turn)
2 | o |
3|9 /
|
| [[—CABLE % . 8—Hole(24.2)
%% L/
Il 47
2 (ss20) A//
HiolZato|= \
(5T, 80~100) COIL (¢0.a~)
T8 3.15 MA =Y £H
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o ) 6.373e-001 : >6.708e-001
6.037e-001 ; 6.373e-001
o o o 5.702e-001 : 6.037e-001
5.367e-001 : 5.7026-001
5.031e-001 ; 5.367e-001
4,696e-001 : 5.031-001
4.360e-001 : 4.696e-001
7 = 4.0252-001 : 4.360e-001
3.600e-001 ; 4,025¢-001
3.354e-001 : 3.600e-001
=] =[] 3.019e-001 ; 3.354e-001
2.683e-001 : 3.0196-001
23486001 ; 2.693e-001
2.013e-001 : 2.348e-001
16776001 : 2.013e-001
= 1.342e-001 ; 1.677e-001
\ 1.006e-001 : 1.342e-001
6.702-002 : 1.006e-001
3.3556-002 : 6.709e-002

<1463e-005 ; 3.355e-002

Density Plot: [B|, Tesla

a2l 3.17 M EHE

0.35 -

03

0.25

0.2

0.15

a1

-]

0.47

0.46

0.45

044

0.43

0.41

Length, mm

0.5
PN TSy

A2

L5

: 0.35T, MRE =™ : 0.45T)

él-

|B], Tesla

|B], Tesa
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Crl Mot 3: ADLE 7(=ZH2(Zx|2 §& MHA
= HotEl MAMM A|AEDL S8 &2lo|Y 2HEl(Isolation Roller Bearing; IRB)S| ZEE Sot MZ
2 8Eefjel ADLE J|xAe|ER| HA
- IRB2} MR YEtAEM HIZXE ZHE5t0 MR LSAEMHIF FxE2| 5152 M5t 2K L= &
Efo] AAEIS A oHEE.
- 7|12 IRB A5 Al M7]= oiF S22 &850 7|& MR HetAEH WX M= xS &
EQE X7 AlA”ES MMM QA vixlE = A, (OF 3.18)
- E2f/&2lo|H 7} ol =Mool Hel oo ZstEz FHutste| Meols el 7|oiskx| A
Eo=2ZM, MREC| =¥ ZM HMojZe J|6dEs ItheAFl= EEo| US.
- 7|& MR Q2IAEMHE SMes ©AA el Fatol s MEZ 325 FMSI04 MR HEIAEMHS
AHEe AR siXSIAS. (28 3.19 & 20)

.: x
L

=

2 3.19 MokEl HAER JHE T
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CIRI M3} 4: S8 MAIE 7|8tez 3t ADIE J7|xZ2|Ex| A=t
- AEA U Mg flel MSE ol A7|et Aletg BaE FRE AIRE ME. (28 3.21)
- 37]: 40cm X 36¢cm X 22cm

3
- A MRE(47H, dd4cmX2cm), XXMM HsZ2(270), E21/&2H01H

=

ok Z7|7F Aeo| E7HRAtEE A7 s wf JHd5to] )

» MEE AMZES] DLEZHE HZSH| fIoh TAA A|AE

- J|Eel MR AlAY OfH] 2 NEHES K

T8 3.22 HME FAM AIAE 7|8 ADLE 7| E28] AAE

# 3.87|& & MME HAM AJA” B

E(=l) e (Q) LR & (mm)
7|E A A2H 4,000 22 0.8
HHE MR AAE 1,830 3.2 2.0
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CH M3} 5-1: AOIE 7| ZH2|EX[E 0|88 S5 EMAE ¥
SM EMAEe 22T 2o|M HRAAE &85l HEg8 ESAS
7|Z=e MAIA AlAEIE 0| & AlEolM MAIA A|ARISl dhd 22X 2 oISk MR HEIAEH Ms
XMSHE 125l M2 MAIM A|AHSZS 0|88t S SMAY =8 3 Zol HwmE e (2
2l 3.23& 24, ¥ 3.9 & 10)
Crkst HE E(25, 50, 75, 100%)0oll thstol S& SMHAES St 1AMHE of 3 2
opot | WSt JHME MAIA A|AHIS EFF ADIE J|EZAHZ|EX|el MR £V O A L2 A
= =helst
T =

(==}
of HRLE VR YAAEDN FYRE SUSE NSUSI} AN @
= =

stol| w2 F|IAHZIAA BME =& (O3 3.24 & 25)

F = .=

8 AlaE A

H 3.9 AAHES X MHAIY (x3tetE) =2
Al et HAEE (%) Fuk (Hz) | Aol (3]) & (A) =5
MY E o|=% | 25.0, 50.0, 75.0, 100.0 0.5
e . 90.0, 75.0, 1 2.5, 50| A2
Folg o ET 100 0.5, 1.0, 2.0 0 0, 2.5, 5.0
E{—osw_ i i 200011 4 W erea
E 2000
gt Z 10m
5 8
w w [}
54 E 1000
ﬁﬂ 2000
+ ’ 5 ; : sk . 5
Displacerrent(mm) Displacem ant{mm }
(c) 25.0% (5mm) (d) 50.0% (10mm)
/ﬂ_f_,,é,
g 200 - e - "--.---‘ : :g.l-:nn ‘:ff{:—::/:
v — i ®
" 3 i | 000
2000 4 : > 1000
4000y i ',in 0 r. :in |j«. ?in 004, - 0 0 i 7] 2
Displacemant{mm } displacamant{mm )
e) 75.0% (15mm) (f) 100% (20mm)
T8 3.24 22 MAA A|AHS O[3 ME HEZH MTz w2l o|dTA
(H&E 5~ 100%, 0.5Hz)




Eartigse

Earthquake

M-D)

Control force

T ekne
¥E Caelu

Same.-Space

Structure

o

Shicarry) Labie deplacermest

—t (=]

(b) 3= 2@ puw
OF 3.27 HAMS A A

Base displacement
(Shaking table)

HE 3.10 7|& & HME XM AIAH T8 S EHAIE 21 (1 Tesla)
HAE (%) 25 50 75 100
7| & MR +="HZdM (kN/m) | 137.0 / 169.0 | 93.0 / 108.6 80.6 / 90.9 79.0 / 90.7
Al AE MR effect (%) 23.4 17.0 12.8 14.8
M2 AAHA | 2= ZA (kN/m) | 187.0 / 219.6 | 93.0 / 147.2 80.6 / 94.9 79.0 / 96.9
Al AH MR effect (%) 60.3 58.3 17.8 22.6
s o
. 3000 i T000 |-
< > ' _ 000
gum 2 H T g 1008
£ o F i T S ol
‘s.:qtm— : : : £ 1000
chm— 2000
200 i i i i 3u00r—-
e B e R e i N —
Displacement(mm) Dsplacemant{mm )
(a) 0.5 Tesla (b) 1.0 Tesla
% 3.25 MZHEl MRE MR e Fakg olEX (HEE 100% / 0.5~2Hz)
CHIAT} 5-2: ADIE 7| EZH2| MK S 0|88 HANSHIL 43
» StO|EZ|= AlSEo|ME o|8c HAMs HIIE TSRS, et FxE=2 28 =0 7|25
Mot s=xlsiMdez M. (I8 3.26-28, & 3.11)
MATLAB
Load Cell p— I ————————
: JR—— Shaki 1 of fl P
I m MRE u T:bI!:g IDlsp acement of Base floor i |
' - C = ! . . i .
5 Bl maanet (Ace. Input) i sxlr;:m;e L
i - - ¥ ‘ P
i o Powersupply | _ _ _ _ | 1 NumencallStructure |
! Controller : (State-: space] |
; I ! ! B
i Control Force : i Input I
""""""""""""""""""""""""""""""" L (Eanrll-.il:.uake) I
T8 3.26 slo|E2|= Alg3 ol n™e| 55 clolojaH
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« HotEl WEEX|e| WHEM sty sl thE X|TISHSO| s passive/semi-active
control F=&stol FxE2 SH=S
HAMS "IE F¥sis. (O3 3.30)
- NEX|RISI=E: El Centro, Kobe, Hachinohe, Northridge and Loma Prieta X|ZI5t&
- Passive/semi-active controldl 2 F=F 2F 7155 3H, Base-252| AtHe?| Xtof e
SHE, Z[li Based HHel SEHE2 Hlwsl¥s. (O 3.31 & 32, & 3.12 - 14)
- Semi-active control= Fuzzy algorithm 7|82t 2 L8 E .

- Passive control
. Power on - MFE ¢Itet AElE HEIMSS T

217}
. Power off - MRFE I}t 2 MEZ2 HAULSES AT

-

- Semi-active control (X 3.12)
© Semi-active ‘Fuzzy’ algorithm - SHX[ZFIe| £ BasedS2el HT, 25-based 2L 2
of w2 Xt7|& elut/ojelrt due|EE &-&st0f ¢ 2 2
- Fuzzy control: HX| M= S2AMMI BEYsMES =88 £
i =

57| 9Ist Zhokstm Zte{sh grHol HA| HEEH

e gt dEA HEESe= 9y ,
T 5tE 2 Tx= SH dAMolM 2= Y dlolEe =EAMdS J|ES Mo olEEct Al
Mg = As ZEol UAZ. HA Moo= IF-THEN A& 2 A &5 AZst= IHE |
A2 AEE. 5, A5 AYES Ao Wz Heteh ofF B8 dEtE Sol ARIeRE Hetet
- ZSHolSel n2E 12{5to] Sto|EE|= AlEEo|M T|Hte 2 HAMYs HItE e ( 18
3.31 & 32, ¥ 3.13 - 15): 28 zU 7tEE SH, Base-23 AtHi?| SH, Based He SHO
Cet Zot H{WE AT
=N TSR SH MY H[E: Hachinohe X[ 24 Al 48.01% A&

- Base-2&5 7t AT SE M H|E: Hachinohe X|Zl &M Al 866.09% A Zt

- = B19| BaseZ M H|S: Hachinohe X|Zl 2hA Al 42 .84% Xzt

E 3.12 Fuzzy &112|& 73

H== Indicated form
P N N N N P P P 3
xy N P N P N P N P
z, P P N N P P N N
MEF L S L S S L S L
0{7|M, N: negative, P: postive, L: large 2|12 S: smallS LIEFY.
¥ 3.13 2% zHf 7IEx 3

SR Power of f (m/s?) Power on (m/s?) Fuzzy (m/s?)

El Centro 0.2307 0.2210 0.1703

Kobe 0.1957 0.1976 0.1840

Hachinohe 0.2108 0.1944 0.1096

Nor thr idge 0.2477 0.2271 0.2341

Loma Prieta 0.1779 0.1734 0.1694
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-’% 2 i
E - ™
§ |

“ 1:1' "aln :1:1 a0 5lu njn 70

Time(s)
(a) EI Centro X|ZI (1940)

10 T 1 T
i ]
5
= 8 — - =
i

I | |
40 50 (1]

Time(s)

(b) Kobe X|Z&l (1995)

Acceleration{m/<)
(=1 =9

Y

20
Timels)
(c) Hachinohe X|Z&l (1968)

Accelerationjmis’)

Pl

Acceleration{mis)
=

rar

o

15 20 75 3 35 40 45 50
Time(s)

(e) Loma Prieta X|Zl (1989)
O3 3.30 HAF XA TSR ol

_39_



Time{s)

7o

Time(s)

Amlllﬂl]on{mff}
=1

(e) Loma Prieta X|Z
a2 3.31 X| & = Al 2 JtE T 2EH(passive/semi-active X[0f)
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nd

ist

Floor

—&—Power-Off |
—8—Power-0n
—H—Fum

0 1 2

3 4 5

Relative displacement{mm)

(a) EIl Centro X[l

2ndf

Floor
2

=8 Power-01f |
—i— Power-0n
| —o—Fuzzy |

0

0.2 0.4 0.6 0.8
Relative dis placement{mmj}

(b) Kobe X|Zl

Znd

Floor
—_
@

—&— Power-On

—8—Power-Off |

—&— Fuzzy

05 1
Relative displacement{mm)

(d) Northridge X%

8 3.32 =l L X|FHol o

1.5

E:
[T
=8=Power-Off ||
—&—Power-0On
—&— Fuzzy
0 1 2 3 4
Relative displacement{mm)
(c) Hachinohe X|Zl
2nd
5 st
[T
Base == Power-0ff -
—&— Power-On
—g— F|,|1['_!I
0 0.5 1 1.5 F 2.5

Relative displacement{mm)
Loma Prieta X|Z&l

)
el SEY

(e
CH

st Al

_41_



P

0

0

o

3.14 Base-235 =Z=|CH MO H Q| 2y Al 57+ 819
x|zl ower of f (mm) Power on (mm) Fuzzy (mm)
Base-1& 1.133 2.182 .383
El Centro 15-25 1.122 2.161 0.209
Base-2& 2.255 4.342 0.592
Base-1& 0.414 0.398 0.386
Kobe £-2& 0.228 0.258 0.215
Base-2& 0.642 0.656 0.602
Base-1& 0.487 1.934 0.260
Hachinohe 5-25 0.261 1.998 0.147
Base-2& 0.749 3.932 0.407
Base-1& 0.556 0.576 0.522
Nor thr idge E-2E 0.290 0.567 0.278
Base-2& 0.846 1.142 0.800

Base-1& 0.530 1.032 0.382

Loma Prieta 15-25 0.411 1.022 0.21

Base-2& 0.941 2.054 0.592
E 3.15 Z|f pbases H 2
x|zl Power off (mm) Power on (mm) Fuzzy (mm)
El Centro 13.3102 11.2429 13.2748
Kobe 16.7403 14.7456 14.7838
Hachinohe 12.2949 10.4744 7.0274
Nor thr idge 23.3793 18.9687 19.1506
Loma Prieta 12.3931 9.6321 12.1488
Che{Maf 6: ADIE 7[ZZH2[Ex|e FM HIt
« AOLE J|Z=Z42|&x(e] 2 ZA of 4
- MR AAHIS| JHME Sl 7|&0| LMSIGHE wHd EHE sHZE. (28 3.33 3.16)
3.16 7|& % M= ™A A|AH" H|
E(3) ;g (Q) FAX|E (/mm)
7| E XA A|AH 4,000 22 0.8
M= MR A|AHE 1,830 3.2 2.0

HAE FRPA Al 2E
B RRA AlAH

(a) Z|&2 MAA A|AH (b)
O3 3.33 7| &L MAIA AlAEDf HABKME WM
- 71E 2 HME MAM AAH T 38 EMAEES @St MR 22tE d|wEt
- 7| Eo| MAIAM AIAH! [HH| MAH|MoZ MR o7t SAMES ol
_ 42 _




10000

5000

o

Shear Force(N)

HEE 50% O|LfollA{= 2k 3ufol izt MR E1e| ZI7t7F AU 75% L 100%0l M= 2
1,581 MR &2t E7IE &elgt
HEE0| HEALE AR Fxof 5HF Fxo| At BIQJ} HXIAH = X7|Ee| 520| 24
Asto] ol2 2Ish X}7|E M7|el #slb & ZHolzb of A
¥ 3.17 7|1& 2 JWME MIM AlAE”] J|8t S EMAIE ZT (1 Tesla)
HEE (%) 25 50 75 100
71& ™A | ="M (kN/m) | 137.0 / 169.0 | 93.0 / 108.6 | 80.6 / 90.9 | 79.0 / 90.7
WNESC!
MR effect (%) 23.4 17.0 12.8 14.8
M2 A | 2=m-2ZbM (kN/m) | 137.0 / 219.6 | 93.0 / 147.2 | 80.6 / 94.9 | 79.0 / 96.9
NES=T
MR effect (%) 60.3 58.3 17.8 22.6
A™SE 700 w2 HH=5HE AMSHo| wE I ok (O 3.34)
- CIsH B S (5%, 12.5%, 25%, 50%, 75%, 100, 150%) SlollAM HH=SIE A5t AlE =3 (10-15AF
O|2/HeE =H)
gh= St=of et MR U2IAEN 7|8k AQIE J|ZAH2| & Y7 Qot o
: ChFst =2 Stoll A 10~155] AlOIE F7|2 AMES d&5xMoz 3
© WSS (5%, 12.5%, 25%, 50%, 75%, 100%, 150%) / ZFmb4= (0.5Hz, 1.0Hz, 2.0 Hz) / At7| &t
(0 Tesla)
utxoz X|ZXle| X|& A|Zto] —Er' Lie|ol Mg ztorstH X ot=El MR H2IAEM 7|HE ADLE
7| ZAHe|&x|o WMol XMAESH ZHoz mhhE (AEAIZE 2F 902 / HEE 150% Stoll A ot
cho| etAdsh)
MR Q2tAEMe} 7| ZZ{2|Zhx| Alo|o] FEHZo|AM mch ghd (O3 3.35)

&iE
SE

==

—

8 3.35 150%

Displacement(mm)

HEHE a7k Mete-uel ol

-

A

jrn }
==

(0 A)

I g___ < e
Il 1:"\3\\\“\\\\\\-\

=

=5tE st Al F
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o Hyte 9 cist RS0l BeNoz T Yo, J|EHHA HA
i

AOLE J|EZEIFA AIME MAAl R YRAAEH R TMo| I FoEe 1 st
DHE & AT HAAS
MMz MRl olf Bl =& = Alls FyImMel 22 S510f IR YRAEN M5

MEAl WM E S5to] X|EHel 22| 2R
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. AHE—E— Helel WSS B AlAE R
- J1E XRAz| AlAHe AP 5 SH Faltoio x|xe ER MAY| Kol 07X 2
Zaps ode] x| Fof chafAls ot
ub AnlE 7| ZZHa|AlAHS A #HSE Mo{7} Jhsslr| meo| 7|E
Tx20 Wils Y 4 s

A SIH MR YBAAEM HH HiEH| A
= % B S0l A 22.0% MR

» M M A st
- & Rud|gof w2 MR &2 vlm: 35%iA JHE 2 MR &22HE LIER (100% B8
1)
- SdebM/olgbM MR HEtAEMO| CfEt MR &2 |
= —'?— TlH| 35% (100% HES0A S MR H2tAEMN - 19.4%, O|2hA MR HE2tAEM - 22.0%)
Hl2el) fujdlof wE =& MR 2tAEMN s | M-
|

/ 100% e EollA 33.5% MR &1t

FIE = 60phr LIZEI2 40phr Bl &
* R Y2IAEH HAMS SAS 28 XY A|AR MA
- MR H2IAEMIt RZ|A EZ35HI) O|FUX|[= 0.9 Tesla 22| A& L& ZMstn, R H2laE
Hel Hes Wallst| e SHAMXMoZ A|Z0| Jtseh dakte| MALA AJAR M7
MR T EH 7 AZ|EH(xlsiA]): 0.35T / MAMM ZUol Ap7[ZHAH): 0.56T
MR Y2tAEM =M 7 X7 & (Fxa4A): 0.45T / MR H2tAEH M XP7|ZH(AE): 0.49T
» ADLE J[ZZH2[EX| el S7 MA A M5EIL
7|Z29| |solation Roller Bearing (IRB) AlAEIO] ZMMAIA A|ABRS HAESH M2 HEjo| AQIE
I ZAe|HA MA 2 ME
1CH BRI A 100%E 22ieh & SHAIY 2 WAl ds

- 180 22762-1 w&of w2f HAl ghE

oL +d
7|&2| IRB AIAEIO| 7 ANH22M MR LetAEHO| 5SS 2
| 2ol MR H2tAEM +EHZH

Eci/g2tolG4 gEel g 4ol oo Iz

R CE

2. AR M3}

» 22 "Ejo| ADIE J|ZHe|EA| A ¥ M=
- 7|&2[ MR HtAEMH Zgh HEFR| S| s HEH0| HolX|= 2HMEHE siZ5H7] /50 7| &2
IRB AlAEOAM ZHSE ofF S2HE 28T TAM AAH F52 St M2 dejo| AOiE
Z|=A 2| Rl M=
- TZ=2 YIEZV|Hez HAYRE 28 29 HAUS dxlE HAEXIL XZAHKXE &
Sh7| 2ol FT=e R chHE £ = A0M HHH ZHoM FElE
s| 78k Ald =0l HE0| 7ts&

- Ha
- HAERE 285 =HH {™ F=EE off2t {3 AtE|T|E

—
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3.3 o7 I Aat

1. I == AX

B =X o=
~ =2y st x| FA ] ST e
s N (SCI/HISCI)
Design and Experimental Study of
) ) Shock and In-Ho 2017 1
1 an L Shape Piezoelectric Energy , i ] 2017 SCl=
Vibration Kim 0.18
Harvester
Fabrication and Characterization oh
an-
of Natural Rubber-Based Shock and 2018.0
2 _ , , Woo | 2018 SCl=
Magnetorheological Elastomers at Vibration L 1.04
ee
Large Strain for Base Isolators
Feasibility study of an adaptive Journal of 5
eun
mount system based on intelligent g 00 2018.0
3 . . ~Hyun scl=
magnetorheological elastomer material systems e (0) 1.29
em
using real-time hybrid simulation and structures
) International
A comprehensive framework for Sungs
o ) Journal of , 2018.0
4 seismic risk assessment of urban ) , ik 31 SCl=
o Disaster Risk 9.18.
water transmission networks ) Yoon
Reduction
2. = 2 I E&se LE
HS slo| HA g2k E X} g A S =3
The 13th International
Workshop on Advanced )
) Sungsik
1 Smart Materials and v 2017.07.22 =3 o=
oon
Smart Structures
Technology
2 2017 X|XZ st FAA 2017.09.15. aF cH stel =
2017 712 E=3%ts] =
3 _ ) A4 2017.10.19. S48k CH kol =
SEERETEE
2017 KKHTCNN Symposium Chan-Woo
4 . .y P , 2017.11.02. E}o|H| 0| o}
on Civil Engineering Lee
2017 KKHTCNN Symposium Jeong-Hee
5 . .y b , g 2017.11.03. E}O|H| O o}
on Civil Engineering Kim
2017 KKHTCNN Symposium Sungsik
6 . ,y P , g 2017.11.03. E}o| H| 0] ot
on Civil Engineering Yoon
The 14th International
_ Junghoon =
7 Conference on Motion and ] 2018.08.07. CHA CHstol =
ee
Vibration
The 7th World Conference .
Sungsik
8 on Structural Control v 2018.07.23. ZEIR =
oon
and Monitoring, 7WCSCM
20184 F=A
9 J—— g$EE 2018.11.23. CH & Cystal =
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