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U =9 5%
[ ] Advanced Seismic Testing Using The Multi-Axial Testing System (MATS) In
NCREE
o Multi-Axial Testing System (MATA)x= NCREE®| = 624f% W5 A|2=HY
o A BHlel BT 2AYE e 4P BAE sf2re AdH0) U1 2
2 #aYE wlE 2996l 24y

rr
i
o
N
a1
=
)
Kl

¥ 7bzash b whepatelo] A 4 e A@A =)
°] 3.25m¢%

Ak
iz
=

[29 1-23] MATS A|2=H 7 [18 1-24] 6255 A 2E)
<3% 14> MATS A" A5
DOF Type Stroke Velocity Force
L Static +1,200mm +30mm/sec +4 4MN, —3.54MN
Longitudinal
Dynamic +£500mm +600mm/sec +2MN
Lateral Static £100mm +20mm/sec +4MN
. Dynamic +150mm +60mm/sec +30MN
Vertical
Static +150mm +10mm/sec +60MN
Roll Dynamic 2T +£0.06rad/sec +8MN-meter
Pitch Dynamic 2T £0.05rad/sec +27MN-meter
Yaw Static 2T +0.015rad/sec +5.61MN-meter
2|87} v arEkg e
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[Z1¥ 1-25] BRB A% 29
Input from scramnet
trigger Switch
SC150 init
displ ref O—4—Hold
init
veloc ref 4%_ Run
force ref Output to
displ fbk Loading Command Targﬁ}-SfOpe < scramnet
veloc fbk Trigger P trigger
force fok = » H [
5 J-P.—P 1 P displ ref
comp fbk Disp Bisp
press fbk ‘e authority  Stopper E—bforce ref
L
user adcs
B

[2¥ 1-26] Loading Command Model in Simulink

O W 98y A

o Mg =4

olr
11t
U {

- /49 ¥ (Viscous Damper)= A Z3stE 5o g & FA4YS F=HA FHAA
PHAUAE AHH o2 FF, A7 SH/IEES #9E EaRH 0 Aolst
a1, EERste] mE =d WY Alde AFEs H2seke FAEA wZge] Wi
B T TAAFEE FHE] AT LT FA

- webA], HAARH O et AFEAEHR MEAF S Tt N AFY A58
Asta 54 el AAIE AFTAE AAF. BE AP HFAAA FA 7
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2 419 Actuator HTbE A $RFHL £YT & UTMS AL83w
A ANE MmH FAS o] AEE 53 U FEEY AR
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%717+3] R W3 (EHDRB)
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Al TR

7h =2 8%
(] 10 MN UTM : RIST ZF+ZdAF4
o Me: FEREA D FLE FRES A

FEASE ) A%

AR gle] Avl AAte g Wl f4A B4 = = v FERAIG7

o $1A: AN FE

o 7Ie} AR & FUE1H

2|y 10 MN UTM

Hg7|@ | RIST Z7=x

N

2
T o] AxME AHAZ AT &2

. 74, 71, ARz S cieret 2ol S oiel PxAE o

Fx

1]

che)

o AHHR: A= 7 m & 5m &
T2/MS/AFE ¢ Max Stroke: 1,000 mm

* Piston Speed: 100 mmy/Min

e Column ZF4: 15 m X 3 m

o ZFOSE: 2= 10 MN, 21Z 10 MN, & +2 MN

3Hm

e | * FCH 10 MN 37 AMENAE 9 7xAE IS
= . in = 3m, 20| 35 mel AHE 2 S MsHo| MBS
.
g2yel :
.
Bl AR
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[J 3 MN UTM : RIST ZF7x2d+4

o Me: FEFA 9 T4y F2EY HAH F2AHFE Fotsr] A 4¥s FU)
x| glo] Au] Ao g HiwE FHA Fgod  Je e TERAIFY]
o AA: A F=
o 7|e} R{AH] . &= F31H
AH[ 3 MN UTM Bl RIST ZF#=d 44
= o M TI|AH, X} S Clkst 2ol B ok FEAE Y Fx=F e
o o FxMs AT AMEH &
o Z|ffsE: 2 3 MN, 1% 3 MN, & *£1.5 MN
« AlE#eL S 5m elE5m & 10m
T2/ME/AIRE | o Max Stroke: 400 mm
* Piston Speed: 100 mm/Min
e Column ZF4: 12 m X 055 m
- o Z[Cf 3 MN SIE7HK| &AMEMAE 2 2x=AE Jhs
e o Z[Cf = 12 m, 20| 10 me! Alths 2 =4 AlsA e AdIls
[ ]
_ [ ]
E$HeHe .
ZH|ARZI
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[] 30 MN Cable Fatigue Testing Machine

o Ma: EE 2 AZxd AMgEHE 4%

: RIST A7x29A+4

Aelee] 454 7245<

A EAAE 7

o A AHA] F=

o 7|} B3]

30 MN Cable Fatigue Testing

g . HR7|8 | RIST Zd7zd7L
Machine
=y o AM TJIA |XEH S cikst 2ol ABEE= Z4E AHolE2e F=Ms &
o I 2M8s 43 Ago &
o Z|C{=EE 21& 30 MN, T2 18 MN
Am/Aa/Aret | Foa +5 mm 2 M 1 Hz (Under Loading)
SSTTE Lo AlEYe 20l 5 m, 24 053 m
e Max Stroke: 500 mm
= o Z|O§ 30 MN SIE7HX| Hol& CIMAH Tt
o c « Z|Tf 18 MN SEE7IX| #HolE m2AE Jis
gauel o FOo|& ZEAH F L7 AN
STET e Il 9 e sz 23 oIzt o 2

ZEH | AFRI
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[] 15 MN Cable Leak-tightness Testing Machine :

o M&: BEXR B AFo AMEHE F4F AlelEe] FARA #E 453

&t7] 9% A1d7]
o A A F&

o 7|} B3]

RIST FF+xdAF4&

15 MN Cable Leak-tightness

|y . . HRola RIST Z7+=o 74
Testing Machine
. o M J|AH, YK S ciet 2ol ALBE= Z4E AHolEe FxMs ¢
o i | o

z2ds 45 Ao &8

o X2 z[Cf 15 MN
o =g Z[Cf £500 kN
T2/MES/AIRE | o Max Stroke: £150 mm

. SEXMIF: STHe

| 70C (==& =53 m)
o Algdd =7 2ol 5m, 24 043 m

am
02

ZHe 70CollM Aol FHUX| Y Jls

4
0l
0E
do

AL
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[J 2 MN Dynamic UTM : RIST
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[J 5 MN Dynamic UTM : Bt 8tal sfo]H el =3 A Al E
o Me: FERFA 2 T4y FxEY A58 F2AHTS FJosr] A 2Fs F
7F &= glo] v AA|vteZ viuwd HA et ¢ e b rtERAIg 7]
o #A: F7|&= &<
o 7Ie} R &5 FdId
- 5 MN Dynamic UTM HR7|2t | WX[cistm Hystec
= o M TI|AH, X} S Clkst 2ol B ok FEAE Y Fx=F e
o o TxMs AT Aldo &3
o Z[[fs2: 2= 5 MN, /&5 MN
o AMYHR &H5m A& 4m & 30 m
= e Max Stroke: 500 mm
T2/ M s/ ALk ) )
» Piston Speed: 40 mnvs
o I £10mm & M 1 Hz
e Column ZF4: 15 m X 075 m
- o Z[Cf 5 MN SIE7HIX| H-38 =AY Tt
e o Z[Cf = 15 m, 20| 30 me! Alths 2 =4 AlSA e AdIls
[ ]
g2 .
[ ]
ZH|ARZI
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[J 25 MN Dynamic UTM : 223 7|EdAF4

o M&: F54A 2 F2REANY A58 F+2H5S Fotsr] A 2FS FUF %
% glo] vl AA oz HlwA A T - e e FRAIF
o A BEEE 23}
o 7Ie} R &5 FdId
2|y 2.5 MN Dynamic UTM BER7|a EAR J|EHTAL
= o M TJ|A |X S Cikst 2oliM AMEMAE 22X o £xAE
- o &=
o Z|ffsE: & 25 MN, I1& 25 MN
o AEHHR k& 25 m Q& 25 m
e Max Stroke: 250 mm
/M S/ ALF .
T2/ S S/AL e Piston Speed: 120 mmys
o FIOEE 10 mm & W 3 Hz
e Column Z+4: 0.75 m X 06 m
- o Z[Cf 25 MN sIE7HX| H-3& =AY Jts
e o Z[Cf = 075 m, =0| 25 mel FEHAA 2 FxEX e ASIs
ggyel |
| ALEI
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[] Universal Railway Structure Testing Machine : = HE7|EdTF¢
o A FERA R F28 T2E 451 FRYSS Gt AF APe
7F A flo]l AHl Ao g HlwA fA 3otd F e 2F W TERAE 7
o 93: A= o9
718} Bf7gH
pamee Unlversgl Railway Structure Testing Hey|a | slEa s
Machine
=y o HE HE, AR S Clekst ZoloiA 2y == AHE 37|29 Mo o
o ot &8 x4y 3 MsZSAE0 &8
o Z|Us=: 2% 25 MN, 21825 MN, =& 05 MN
T2/M8S/AI2E | « Vertical Loading 25 MN Actulator (Stroke 150 mm, £1.5 mmollM 5 Hz)
* Horizontal Loading 0.5 MN Actulator (Stroke 100 mm, £5 mmoilAM 5 Hz)
= x| e Z|C§ 25 MN SE=7IX| M- =X FZAE JH=
T o TASHE HoFQEHOHH Z[tf 05 MN sEE7HX| gdts AsIts
° iE*_'.:_:r’-ZF_% . %X—I A-I:n47|. A|64
gauel o wE Y AF BX & =AY
=e- o W2EHER| Gl MZEo| LYRIMSAIS
o J|A ¥ SEH[e] nE2 FAAH
S
FH|AREI
Sixlale
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[J 2 MN FZA1E7] : fFHEo]dA
o Me: WRARZEA 2 GukAgxe] g-54 H5& 3slr] 93 Ags F71
A glo] v AATe g HlwZ FA FEd £ e 15 TFRAIF]
o A TAEE A
71e} B2
P 2 MN T ZAIE7] HRI7|2 | FUTOo|HM
= o M TJIA X 5 Cltst 2ollM AlEE URIEZER| A=0[SE
o x|, e &R 59| YRMs HS Agol =2
T2/ S/AF2E| o Vertical Loading 2 MN Actulator
£3 o Z|§ 2 MN SEE77IX| Q17 et% gl I Z2AE JHs
o wZF I AHE ExjAH
TEE Ol 7= Exljo] LHAIA=AlS
;I'-ghé.'% e U= 7<_ |_-I_-'? TXH—‘l L’Hn_l I_OE_I:I
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o M WARZFAL 524 dog dtsty] A 4= F7F A=A flo] v
o

AA Rt 2 wwA fGA st = e 25 FEAEY

ELASTOMERIC BRARING
| 2712 | SYDRYE
2 TESTING MACHINE aind -
o - A4 TP, AR S ciet 2obolM ARBEE URBZERe] RS

H5 Aol 28

 Vertical Loading 30 MN Actulator (Stroke 800 mm, Max Speed 4.7 mnvs)
T2/M85/AI2F | « Horizontal Loading 10 MN Actulator (Stroke 800 mm, Max Speed 10 mmys)
e Maximum Specimen Size: 2 mW) x 2 m(D) x 1 m(H)

+ Z[C§ 30 MN 3FE7IX| =22 MSHE 7hs

= o SE51E Rfstalelol ZlTh 10 MN SHEZIR| SEEHE ATl
. DEHH MSAS
g2yl | . DY Y AS PR HRNSAY
. D 2 T2l YRNSAE
| ALl
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[ ] TRIAXIAL ELASTOMERIC BRARING

o M&: WARZREAS B-54 4S5 gostr] fgk AFS F7F FA glo] 4o
AAoR v A Ao 5 Qe 3% TEAD
o 1A FAFFA =3
o 7|8} Ef7H]
TRIAXIAL ELASTOMERIC
ZH|g HRola SYNFHE
12 BRARING TESTING MACHINE d -
25 o M TJ|AH, ¥XH S Cikst 2ol AREE= WRIEZEXC] HRMs
B 7.:12? Algol| 23
 Vertical Loading 2 MN Actulator (Stroke 300 mm, Max Speed 64 mms)
T2/M8S/AI2E | « Horizontal Loading 750 kN Actulator (Stroke 600 mm, Max Speed 64 mnys)
* Vertical Loading 200 kN Actulator (Stroke 20 mm, Max Speed 64 mnys)
=x - Z|tf 2 MN SEEIIRI S5 Mt s
e o TAISE ASHMEfOIM =[O 0.75 MN SEEZEX| gEts ASTs
o 1R MEAMH
gguel |- DY AS 2Hel YEMSME
° m%l:
ZH AR
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oo A%
[ ] Multi-Axial Testing System(MATS) : NCREE in Taiwan

o M A% Hele) W2 EaE QY A4 =aIE
FE A4S Asdon solrals A1 ABH el A9 Fasrlo) an

Q1 A Fne)

o ¥ X: Taiwan

Multi-Axial Testin System
| g Y BR7| NCREE in Taiwan
(MATS)
=25 o AL slo|HEIE AlE20|M AlY 3 MAIAMX| 52 Ms Agd &&

 Longitudinal Static +4.4MN, -3.54MN, 1,200mm, +30mmysec
 Longitudinal Dynamic £2MN, £500mm, +600mmysec

* Lateral Static +4MN, £100mm, £20mmysec

* Vertical Dynamic +30MN, +150mm, +60mnysec

» Vertical Static +60MN, +150mm, +10mmysec

* Roll Dynamic +8MN-meter, +2°C, +0.06rad/sec

 Pitch Dynamic +27MN-meter, #2°C, +0.05rad/sec

e Yaw Static +5.61MN-meter, +2°C, +0.015rad/sec

T2/ HS/A

o Zof A5ES EA 60MN, & 30MN 7H| Fx4d 7hs
=3 o 4 Zolekez FH 44N, SH 2UN7HK| E2AH Ths
s 6AtRE FZAE0| ks

i
0l
T

FH[AR
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[] 30 MN UTM : Academy of Building Research Institute

Fay 72 JH T2 S

a7 QA sheba

o Me: F+FXH

A

A =

glo] ZHl ZpAREe 2 H|
o ¥A]: Japan
71eh B

|y 30 MN UTM HR7|2 | Academy of Building Research Institute
o o M TIA, ¥XH S Cleket EofolM FAf che| FxEAY 2 F=E
o 9—I TEEEs A5 AEd 22
¢ 30 MN System
* Crosshead Mounted Actuator
2/ S/t
2/ /AL * 13 Meter Test Space
» Strong Floor Integration
=x « Z0f 30 MN SEE7HX| =4 Tts
e o Z[0f =0 13 m Aoie & =4 MEA el MYIEs

]
0l
0E
o

ZH | AR
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[] 20 MN UTM : China Academy of Sciences

o MQ: FZEA L =243 FxE AHA TRASS gosty] g3t 48 37}
FA glo] FAul AAe g vlwA fGA uedd § e e TERAIEY
o ¢ X]: China
o 7|8} B34
2|y 20 MN UTM B77|2 | China Academy of Sciences
2 o AM T|H, ¥ S CIASH 2ol Bxf e =AY 2 FxFE e
o of AxMs AT AlY &2
e 20 MN System
¢ Crosshead Mounted Actuator
/M S/ALF
2/ /AL ¢ 10 Meter Test Space
e Strong Floor Integration
= o Z|Cf 20 MN SFEE7HX| +=AH T
e o Z|O| =0| 10 m AlOHY 3 =& AMEA e AHIs
gawe |
ZH|ARZI
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[] 15 MN Dynamic UTM : Laboratorio Generalitat

o Me: FEEA R F28 TxE A-54 TR dotaly] A 49 F
7F A=A glo]l AAul AARre g viwA HA getd ¢ e e FERAE ]
o 9¥*]: Spain
718} Bf7gH
|y 15 MN Dynamic UTM HR{7|2 | Laboratorio Generalitat
2] o M TIA, ¥XH S Cleket EofolM FAf che| FxEAY 2 F=E
o 9—| TEEEs A5 AEd 22
* 15 MN System
Ao/ S/ A e Crosshead Mounted .Aotuator |
e Strong Floor Integration to 10 Meter Specimen Length
* 8 Meter Vertical Test Space
= o Z[Cf 15 MN 3IE7IX| &8 =AY Jts
e o =[0f =0 8 m, 20| 10 m¢! Altie 2 Ao Aerls
ggHe |
ZH AR
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[] 15 MN Dynamic UTM : Centre for Frontier

Engineering Research

o Me: FERFA R F4Y 72E A-54 TRASE doksly] 93 A4S
7F ZA glo] vl AARte 2 vlwA HA gt # e e TtERAIFY
o ¢ X: Canada
o 7|8} B34
. ntr for Frontier
2|y 15 MN Dynamic UTM Rl Ce te. . ° ontie
Engineering Research
o o AM T|H, ¥ S CIASH 2ol Bxf e =AY 2 FxFE e
o o FxrHs 45 AEd &
* 15 MN System
oA S/ A * Crosshead Mounted Agtuator
e Cold Chamber Integration
* Strong Floor Integration
£ o Z|§ 15 MN sStE7HX| H-38 =AY Jhs
gewe |
| ALEI
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[ ] 10 MN Dynamic UTM : Boeing Aircraft

o M&: F2FA & F4¥ FX2EY F-534 F2A85S sty 93 43S
7F &2 glol ¥l AAwre g HlwF A gotd F e e TERAE7]

o ?1A]: Seattle
71t BA2du o ol & 53

(Y 10 MN Dynamic UTM 37|12 | Boeing Aircraft

= o M, TIAH, X S cist —E— PIA 2R chel =AY 2 7= C

2l Fxds 45 Agol

NL"!

O

* 10 MN Dynamic Capacity
T2/HS/AIF | « Baseplate Mounted Actuator
* Self Reaction Design

Al .

Am

zth 10 MN SIE7IX| M- 58 FxAl

3 7S

|
0o
oE
o

_43_




[] 10 MN Dynamic UTM : Ecole Polytechnique de Montreal

o Me: FERREA 9 248 722 458 7RSS delal

7F AR glo] Aw] AA|wte 2 vwE HA ot 4 = vt
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= Pl SHE(MN) o ol
Stc./Dyn. (m)
30 MN UTM
(Academy of Building Research 30/~ 13 Static M &
Institute, Japan)
20 MN UTM e
(China Academy of Sciences, China) 20/(15) 10 Dynamic
15 MN Dynamic UTM .
(Laboratorio Generalitat, Spain) 15/15 8 Dynamic
15 MN Dynamic UTM
(Centre for Frontier Engineering 15/15 - Dynamic
Research, Canada)
10 MN Dynamic UTM
(Boeing Aircraft, United States of 10/10 - Dynamic
America)
10 MN Dynamic UTM
(Ecole Polytechnique de Montreal, 10/10 - Dynamic
Canada)
5 MN UTM .
(University Laval — Quebec, Canada) 5/5 > Dynamic
10 MN Horizontal Frame UTM 10/10 B Dvnamic
(Exxon, United States of America) y
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10 MN UTM Static
1 (RIST, 3+=) 10/ 1,000/ 1.67/ 7 3 X e
3 MN UTM Static
2 (RIST, 3+=) 3/ 400/ 1.67/ 5 1.2 xMe
5 MN Cable Leak-tightness Static
3 Testing Machine 5/1.0 300/100 - - - 2
(RIST, &=) -
2 MN Dynamic UTM 2 : 2 :
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5 MN Dynamic UTM 2 ~ 2 .
5 (Hystec, B+ 5/ 500/ 40/ 6 1.5 | Dynamic
2.5 MN Dynamic UTM 2 2 2 ,
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Universal Railway Structure
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ZH| Y L Mx|7| 2 4 71 | ZS5HM Key " N 4—?%} of & ’é‘t:l
= ez | © ! e EMLS= H|m X 7|alo R o
- e Capacity : 5MN Force range
SMN CHed =41 = 5MIN paclly _ _ ° o MZ={4mmis < 80mm/s)
AlE7|(5MN . e Main Size : 8200(H:Max)
testi hine) Large-sized Column to Column = 3000mm
g | IO MRS ey | Moism | 2009 | 2408 | conmstruction| o o o MZHEMN < 20MN)
reterial 2« &= AE=0] : 5000mm
NFEC-2010-05-083 i :
% tester Bending Span : 23000mm o TEAIE 27}
Actuator Stroke @ 500mm
e | oading frame
- High Stiffness, Horizontal type
- Sizer Approx 13,0000L) x 1,500(W)
DEOIBEAIHT| High speed | > 2,800(HImm R
material See esTEe
2 27 |= s =T 2011 430
NFEC-2012-03-161 =7 - testing | ® Dynamic Actuator 1set o okilst HEEAIS 7|
79 system |- Impact Force: 1,000kN
- Stroke: 1,000mm
— Testing Speed: 20mysecO|4t
- Load Cell: +2,000kN
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Y b P L S ZH7H | S=5HM Key C -
No (D) H|=FAL (A x| ZH2) FEdAE (243E2)) word HEMS Hlm AFHT| 22| ;Pﬂl HEQ|
- Hydraulic Actuator& Cross head
0E PHSH = BO0ON | ooy ey o F{mmis < 80mm/s)
INI=W i capacity
= SHEAAMY|= _ - Column == : 2 EA
3 sAv|= E'LO:I __rLglg 2008 150 universal | A|o4:'_7pT 300000 = 14000 + o XMSZHIVN < 20MN)
NFEC-2009-01-069 T tesing | ot |
A5 machine | o NEAMY =Vt
- Z|CHAIE =71 : 3000kN
HEIXE Ms Universal o MEIXE ME FH|
N=b a1 Railway |e X/SX Algdge sdisk= AlEd
4 AMAT|IE |7 :;o =| 2009 1,188 Structure | HIZ 2500KN2| = Actuator,| ® MEZH25MN < 20MN)
NFEC-2009-07-073 - Testing 500KNS| =% Actuator
867 Machine e UTM ZH|7} ol
] Dynamic | e 1,000kN S5 2 H=xjsis Algl|* MESUMN <2OWN
%iﬂﬁ;liﬂg Material S 98t Loading Frame 1 Set '(1 O%ctf;or #366 Tm7)
c>—|7 = — 0 H =X OOI'AE mmys < mrys
= Motz | BAMCYEE | 2009 191 '\;es:']_”g '1 1éO?OkN SH WEME Adwdon o wsis Ay 2o}
NFEC-2009-10-073 achine € o et UM
805 and Static | ® FAAATIZAIAR AFAH|, CIRSE 22t Als =
Loading & X3 ¥ EAEE XT3 1 Set 7t
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AmEIA|E T o ZHSES : & 408, TE 108 |o A=zl MeAlE MR &
7o HE | sE=EELY s . - ZH[gA 4 Column, UTMZEH] H|
6 NEEC-2007-12-049 ~ of 12l 2007 381 Spring Tester | ot 2ol
183 - 2HF|0f : RHSH| 0] * TES dsdd 2
- Max. Force : 1,000 kN
100E= ddet= |- Stroke : +125 mm o XMEZHIMN < 20MN)
HEl 7| A AT | =T | AT T et - Frequency @ 50 Hz * HmsEs m=AE]
7 ARl il - B R B e IRt . 7z HSuY 20}
NFEC-2013-05-179 = = tes%er oad cell = 1, | o CIRIRE UEIASA
107 - Servo valve @ 760 Umn @ 20, o,
MPa
DS RAIRT]
(4495) e Universal o MB (12VN < 20MN)
8 Instron S|t & 1998 390 Testing |- Force 1,200kN e ¥4 UM
NFEC-1999-09-035 = Machine o 1% m2AH 27}
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o A% AHle] £RAF 5L 7 AlAl Top Class T2 ZHEE 3o A
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o W&FHET FAA} a3 20MNTE GAF d8F UTMS &Hol= ¢
z g =gl FY 9 T3 AAE 7S sle|BYEF 2 ATA A B
2 AAd RS ol &F

<# 1-8> F&FH3T FAAMENI} 7He T 20MNT LAY & UTMS Ha 27 A%

T g = ds

Nominal static load rating 20 MN, 275 bar
Nominal dynamic load rating 12 MN, 210 bar / 80mmysec
Actuator stroke 750 mm
Test Space Approx: .
oD AR il /70,1 i leer)
AE|SE columns)
"W | Tanshoor e Jericer o fooe e
Controller Supported maker
Software Supported maker
Hardline Prasésll\J/lreénthi}gtms’ystgﬁm distribution  between
Hose Stand Included
Nominal max force rating 3,000 kN
~msis Nominal max velocity 300 mmysec
ﬂﬁg% Actuator stroke 750 mm
3 MN) Performance test 10-30 cycles
Durability test 157 mmysec for 1800 cycles
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Mo FYAPE NED AATE 9 BN 32009, FANN A ° A
Bt 23 20 SULH, BRAFAAHDA 692 BT 5 4191018
A8 F)e RN S Lol

ZHH| & AR E s FAHEI AIET| 2RI PSS, Rl
= s 7A "ot
FOl=#H2: 0 Hz 7 50 Hz
A 7tSE: £8 g
H'E/M '—/A|.ol: . B
Z| M 5+F: +680 kg
st 27115 m+*21m
E x|
- O
==l 5 ANSARE, HAEIA, =&7|A, MARE, 2582 2 7| AR EE0k
H|
ZHH|ALZI
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2 A A A

[] MAST(SGS)
o M& : SGSAIA HAFES FAEHE IST(Germany)o] A|E O
Btone] A4 2tone] 4o} Almel HElAE A9 FAA 3 Ag. AUNPTE
T 10ge]a 9= 180~200mmolH A 82 X7k WE-E 25mx2.5meY.
o #A : &<l
MAST
ZHH| o ; ; 27|z
| (Multi-Axial Shaking Test System) w2 SGS
25 717 & Fx2eo YWrRAHsHIt
FalEH R 01 Hz ~ 100 Hz
Z 7S = £10g
T2/ S/AL Z| o M % 515 3000kg
Z| 84 2: £180mm
st Z7: 25 m + 25 m
£3
2z | A FH|, M AH| 52 H] e Y HF 9 ESFTEE
Bl 11 HZEAHZA): IST(SY)
Cantral Syabam
1—|T-=5=Hmn
ZHH|ALZ
AlrEpring
{Wib. Isolation)
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o Me : F=AAF7ISAIF DA B

F5d 61}%3 Z
© 2 3000kgw 7 1000kgH©] U+ 3000kgH 6

oft
Re)

ST(Germany)2] A&

SGSe] #Hlel 1

ds o] HIstslH 2tono]/de] Azl teiM = *‘Q% TR B A=
o #A : M=
SENEERE
IEILS LH 1 44 8 49 1] (3000kg) EEIE ﬁaéRﬂ?
e Lzl 4l g
A H{o

0 Hz 7 60 Hz

EN
_l':_|
_|
i
_l

A0) 715 2 £10g
CEITNES £/ ) x5 515+ 3000kg
Z| 0 ¥4 9l £200mm
St 27]: 25 m+25m
=z
8w axeo7] Heds
e H A IST(S2)
S| AR
TEFIEE
| L1 41 8 4251 (1000kg) R
=5 L2l Al

T2/A S/AY

~ 100 Hz

Z| i & 2 5+=: 1000kg

Z 2 =5 £200mm, =2 +150mm
PRSI 37|- 12m=*12m
=4
2eH fXHII7| MsHS
H| M Z=AH=A): IST(FY)
ZH| ALEI

- 109 -



[] (6DOF)Vertical Excitation system(gt=r 7] A7)
o N& : HFAA 7F 23 sfoll A AdrIAle] AEdS Ay A .

o 9A A

st=7| A o
2Hd| o (6DOF)Vertical Excitation system 2 R/7a ;—_]*(}JIEIM)?
== MM Al
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okl
I+
oy

Q

AL
=
A
=

A
1+
©

QS
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e <3 29>9 2
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2o tisl 2go]de] HEER Ho] THe

Asddel 7Hsd

, Avl7t& =7} 1.5g0149) 624
2322 10ton®) 812 A
HR o2 wA A g W7

<3 2-9> 1.5g°)¢] HHAA3HF 30tone]de] st A
|2 Size Payload Acceleration
= (m?) (metric_tonnes) (@)
SRELIIEH Y 16.81 30 1.7
St=IIA A2 16 30 1.5
INESESON Rl 16 30 1.5
O 6= AEt(d=d=r1EsdT9)
o M& : AB/FANDL BHoz MrHon AxAFE RE, FY ©A gl
2 AGIA Al 23 A% ¥ FAARES FYskn UL
o #1# : FH
A==
| 6-AR = ZSC) R A =
=5 X T oh(X| Bt7tE 2 of=) ZA}
FutsHel 0 Hz ~ 60 Hz
Z| o A 2 5HS+ 30,000kg
T2/ S/AY s 371 41 m =41 m
Z| ot 5 £0.871.7g
Z| T 9: £ 2007300mm
53 SabioAl 2 6AtFE MO{AIAR 2 A= ES0]
g2yl ESAE H)TEA e Hrds H JATFHEE TS
H| 1 M Z=AH=A): 7 o ofl Al AH (ol 2l =)
S| ALK
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o 213 U9 B A TR Aol B 1 Farvt FUFskAL /1o, A
H7tE o Hste S71E e S8H 7HEES Fdo ik d4lo] ARHA, 32
ANE AFdjel A5 73 EE Fule] AA Fo] B3 oA Yg. o]
IO A FF FolAY e FFo] gdEdH JAFU AH T A= AU %
S zAMELS <F 2-10>9] YEI RS

<i# 2-10> 64+ = Xsd d%
Size Payload
Region Country Location (m) (metric Acceleration(g)
tonnes)
Africa Algeria CGS Laboratory(inconstruction) 6.1 x 6.1 60 +1
Asia China China Academy omequlng Research, 6.1 x 6.1 60 15
Beijing
Asia China Guangzhou University 3x3 20 +26
Asia India CPRI Bangalore, Karnataka 3x3 10 ?
Asia India [ISc, Bangalore 1 x1 0.5 +3
Asia India SERC, Chennai(30f3), TamilNadu 3x3 10 ?
Indira  Gandhi Centre for Atomic
Asia India Research(IGCAR), Chennai, Tamil 3x3 10 +15
Nadu

Asia Japan NIED'E-Defence’Laboratory, MikiCity 20 x 15 1200 +0.9
Asia Japan Ishikawajima Harima Heavy Ind Corp. | 4.5 x 45 35 +15
Asia Japan JDC Corp. ? 20 +1
Asia Japan Kajima Corp.Ltd.(10f2) 5x5 50 +2
Asia Japan Kumagai-Gumi Corp Ltd 5x5 64 +3
Asia Japan Kyoto  University 5x3 14 +1

. Kyoto University Disaster Prevention 35 " "
Asia Japan Research Centre diameter
Asia Japan Nishimatsu Construction Corp 55 x 55 65 +2
Asia Japan NYK Corporation 26 x 2.6 20 +2
Asia Japan Okumura Corp. ? 60 +3
Asia Japan Penta-Ocean (?c;r;s;r)uctlon Co. Ltd. 0 60 105
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Size

Payload

Region Country Location (m) (metric Acceleration(g)
tonnes)
Asia Japan Penta-Ocean Construction Co. Ltd. 2 60 1
(2 of 2
Asia Japan Public Works Research Institute(PWRI) 8x8 300 +2
Asia Japan Tobishima Corp Ltd ? 20 +1
Asia Japan Tokyu Const. Corp. 4 x 4 30 +1
Asia Malaysia Sabah University 15x 15 ? ?
Asia Taiwan National Center for Rgsearch in 5y 5 50 1
Earthquake Engineering
University of British Columbia
?
Canada | Canada (EERF Lab) 4 x4 30 /
Commissariatal’ Energie Atomiqueetaux
Europe France Energies Alternatives (CEA), 6 x6 100 +1
ZALEE(10f3)
Europe Greece National Technical University of Athens 4 x 4 10 +2
Europe [taly ENEA 4 x4 10 +3
Enel. Hydro S.p.A.; business unit +
Europe | ftaly ISMES (1 of 3) 4 x4 60 3
Macedoni Institute of Earthquake Engineering and
Europe a Engineering Seismology(IZI1S), University 14 x 25 8 +20
of SS. Cyriland Methodiusin Skopie(20f2)
The European Space Agency(ESA) ESTEC
Europe | Netherlan pean space Agency 55 x 55 225 +5
Test Centre
ds
Europe UK University of Bristol(EERC) 3x3 17 +6
Asia Pakistan Earthquake Erjglneerlng Center, University 6.0 x 6.0 60 15
of Engineering & Technology Peshawar
USA Alabama NASA 3 x 45 1 ?
USA California University of California at Berkeley 6.1 x 6.1 45 +15
New University at Buffalo (State University of .
USA York NewYork) (2identical tables of 3) 36 x 36 50 12
USA | Nevada University of Nevaca at Reno 275 x 275 | 50 9
(6 axis table)
USA Nevada Dynamic Certification Laboratories . 20 45 +10
diameter
AVG. - - 27.4 74.6 22
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Heo| o 4, T2 o5, ArF
T - Size Payload
= ZH|O cE= i
(B == =71 ) (metric . tonnes) Acceleration(q)
st EEaistol el
G- = FERAIEA) 12 x 1.2 05 +10
Zagstn 6 .
CMRE DEUTHEol AEo) | XA 068 e
SHM M
WHHEE 6RRE DEM) 25x23 2 i
SGS
+
2y (MAST) 25 x 25 3 10
SHEMAT|SAIE
+
(LH 71 &) & 4151 (3000kg) 25 x 25 3 10
SHEMAT | SAIE
+
(LH 1 &) & 4181 (1000kg) 12 x12 ‘ >
Efﬂ?ﬂﬁloq—_rf% 5 5 6
((6BDOF)Vertical Excitation system)
European Space Agency(ESA)
ESTEC Test Centre 55 x 55 225 +5
(The Netherlands)
=2 University of Bristol(EERC) 3% 3 17 6
(UK)
Dynamic Certification Laboratories ) N
(USA. Nevada) 2.0 diameter 45 =10
University of Bristol(EERC) 3x3 17 +6
SIS
stEdl FDFEF 55 x 55 225 +10
=™ =9 5g o]t FEC) HT 14.1 14.7 +7
10g= 6AIS L RIS ZARFFE
Uni ity of
i e 66.7% 35.3% 166.7%
= e| Z-FoiH|
st=4 D= 30.3% 22.5% 100.0%

= 2| 5go|Ar Xl=Ci "W Chd| 36.2% 40.9% 142.9%

o MU= 1 AA 9 7HXE = AF5o2 HrlE 7| Roge AX] A3, dX5He 5%,
ARE, T8 AEE Sl dstel FHHOE PHE F AL 4] 2AE 9 6
ARE QBT BFoRNH eAfE AFY AP AulY TEE A1 WHe 3
T 274 m' oo, A AX F=HE& FHT 746 tonol HUrtEr = 2.24¢ Ql
Aoz 2AEYE. o F 14% AFUY T # U\ FANEE 55 o1F A%
e Ho F2E AX WAL 141 wolH, H) AX FEFS P 147 tondd. 1L
Gy = Fo F2el A AU FEALTA AAATU] AeAn)
AASE 6AFE AU Asd +2&E AA WH 625m, Hul X T 2 ton
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3

A5 A 7IE AA2-ZHe AE

1. Al FEAH HE
7k AuTE AA AEAA(FR)
Al S5M AEZH I}

o =X ZH|= |[EEE Std 382 = IEC 60068-2-57, ICC-ES AC156 &2 =H 7|=
o] sl =S e = U= MANsHE 6ton, 75K 10g ol Ate] M52
g5 AR E ASH Fu2M 2AE2TT| 180mmow, S F 4 50HZ0| At
olofof &t

o MEHM MXIMA 25m x25m =22 66Xt TSt &

o U FIEE ST NTIS A Z1 sx Fuf o Fd| =X stX| gt =3 M8 s
o| x| x| =&

0 AHI|T A ZAZI} SEMAEND SEIISEE BEsHE Fe|7L EX 51X
ot =M X 5+E0| 3tonO| O|stZA =AM Z|EL] @F=HS PHESIA| Fat

o UMM EED MXHMS UEY AP ZEIISE 0|2,

09 Huts =i Mot Fu|o J|E Fuo ZEMo| glon AXH

O] A7 AR 2 2

Size Payload Acceleration
No. 7| 2 e

(m) (metric tonnes) ()
1 TMeEdod 2l 2.5x25 2 9
2 et etw 1.5x2.1 1 8
3 st FEaletod 2l 1.2x1.2 0.5 10
4 SGS 2.5%x25 3 55
5 St AMAT|SASH A 2.5x2.5 25 10
6 S MAT|=A|EH 2 1.2x1.2 1 5
7 St=7| A A= ? 2 6
8 S| A AT 4x4 30 15
9 K| E bR of 52 Ml E 4x4 30 15
10 St ET =7 4.1x4 1 30 1.7
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U Z7AFA AR FF5 88 A Hl 2 NTIS(http: /hfecntis.go.kr) 74

A7

e T R RN T T sl - - S TSR it kot
No (o) H|=FAL MR|7|2 (FSHE (o) Key Hlm ._|§7I4.;F—I A}
word x| HE|HA
.{
e e NE
A R T RS o |egres am
1 ._;7} Corporatio MIE] 2009 8,875 NEy= 6AFF = SE7EE o|g
&7| n A=y 19
(8l2)
by 2 4 =Ry I F
XN Z2ALS X|EBAL _‘3._47%_ Tmx1m —.JL_7F—._E =
5 e AEHAX|L of T BT 2012 472l 6xteE Z|Ci5HS 200kg 27 Mx|HE
Sl = T -
(SHE-ST20 ofz macy | sl 200mm ojgt
Ref) - 7} E 059 | SESEE olg
M 4 1mx4.1m
6-AR =zl . Z|CHEH | +300mm
HOlA LA | SIEEEI|& K| EI 2 AL N
3 = Al o1l 2009 4076 Ry Z|th5kE ton | SEIET o|E
(TN ez]) I IEE: 1.7g
AR T
4 s CHEFZAL MErystm 2005 35 s MEHo S
(8t2) =e Ee RS ST
AR RS
LHAIE | Mis System I _
. - z|t5kE #6700kg | =3 e ol
5 7| Corporatio| A&t 2011 1,320 BAMRE | .
' Z[ChH S| +12 2E5E o|g
(30340 N [CHE42] +125mm st= o|
MAST)
x 2AMIIPIC : BRIRE, ASH, NEHL, LRSS, XEBA
2 @ % 543 W
7F @748 A F44
O Al@A A 538 75 A5E7Ee] HAE AAA)] o2 A3359%

o B APAME AR AF/ER D A4 AWAQ Fopo] i TAH FE )
35371y 71es7te] R E 2Esle] B Al &84S 1T =Ygl
Bsrzel 44e] Bay

o &3 ZAHl+= IEEE Std 382 =+ IEC 60068-2-57, ICC-ES AC156 59 =4 7]59]
erete WARSAES 53 & 5 A Au A=l g

o AFAAEY AEHEAZE FEsta 84 E AAAES st or &
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Structural  Engineering and

25877\ N
2 |H Geotechnical Laminar Box =1 Earthquake Simulation
Laboratory at Buffalo
=5 meters long X 2.75 meters wide
= Maximum capacity of 82.5 cubic meters
T2/MES/AIF - Two 110 kips dynamic actuators
= A level ring for assembling and testing a vertical soil column
= A sloped ring that allows the testing of a soil column with a 2-degree incline
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<E 56> FU7HE BH W AES A2Y H2AF

72 Li = 24 QAR
* Capacity : 100kN, 500kN, 2,000 kN
Static Actuator . Str9\ke 1 2250~%1,000 mm
[l 3 75 : S
(Actuator) * Capacity : 50kN, 500kN, 1,000 kN

* Stroke : +£100~+1,000 mm

* Amp. Freque ncy : 0~ 100 Hz

* 705 0 370

* Channel - 3 Station

g2 = * MTS FlexTest Handset
ZEEe] 3 =27 * Transdecer Interface Card

UEE Al2E * Uninterruptible Power Supply

* System Software

Hx 3 HojzHd| * Hydraulic Service Manifold(180 GPM)

Dynamic Actuator

o 71epg]

[0 A3F Wiodes 718240 Alojet 85 98 controld# ZHE AHA| 9] BA-S 9
g RuFarr AajEojof st RPAIY B AW ARAIF 2a% sk, ¥
A, E4Al, 115547, Data acquistion system 59 Z}E A|SHHE 0|31
of o &, ol g ASAHES T2k HPAEF T EOE ALY F Jlon,
ARG a2 7153 BES 98 UAE Y 59 45 d7NNES
F7t&2 FHlstefoF g
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&7 AAAL, 4 27, LVDT, 71557 59 32 AS3u7 2928
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[] Drum centrifuge

Foundation Systems, % 5)

(University of Western Australia - Centre for Offshore

University of Western
Australia — Centre for

HRxo|& .
Zhd| - Drum centrifuge Offshore Foundation
(=71 Systems
(2=F)
= A A ZHZZ Jtotod AX Xuke| S AE) Z A}

1.2
Acceleration(g) : 400
Payload(kg) : 300

Diameter(m) :

T2/dS/Ae

Capacity(g - ton) : 120
= A ek 2 cig=aAle] Xutzsy 2o e AFE FdstD UAS
e 2x=E L oA X|g &
XE-TxEE MTEE
22H
ek AHolE ¥ mol= z2fol oMM
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[J Drum centrifuge (Swiss Federal Institute of Technology Zurich (ETH), Z2=%]2~)

Swiss Federal

. 2RI Institute of
ZH|H Drum centrifuge .
(2J1) Technology Zurich
(ARIA)
== N SHES JIotH A H KEtel S AR} 2 A
Diameter(m) : 2.2
Acceleration(g) : 440
T2/8S/AF
Payload(kg) : 2000
Capacity(g-ton) : 880
40002 OIOIEH H=E WM<
= A KBt 2 22 A=
JtHctE AME 29 Jis
HE Hetol OGE AFH oF
g9 HoFXIBEE JiE B8 N
+=2 Hatol 02 Mg o
H 1
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[ ] Drum centrifuge (Alberto Luiz Coimbra Institute-Graduate School and Reserach
in Engineering (COPPE), H.2}3)

Alberto  Luiz  Coimbra
H&7| 2 Institute-Graduate
2| 3 Drum centrifuge m
(=7hH School and Reserach
in Engineering, E2&
= A ZHES Jt5t0] AH X|gte| SEALEf Z AL

Diameter(m) : 1.0
Acceleration(g) : 450
Payload(kg) : 200
Capacity(g - ton) : 90

TE/ES/AS
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[J Mini drum centrifuge (Schofield Centre, University of Cambridge, %)

ST Schofield Centre,
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2hd| o Mark Il minidrum centrifuge University of
(=7h Cambridge, &=
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o
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Diameter(m) : 0.74
=0 /M S /Ao Acceleration(g) : 471
ST Payload(kg) :
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| Selol W, 2izto] KNSR 3H b5
H] 11
s mdol M HEX BT FYR HETA =3 Jts
| Az

- 256 -




| P |

o gole EHE ALMEZFA7L EAHA| Fon, 3] A2 AF-7|HelA
sl e AEFEE e =Y AURIANGRNE 2859
74,72 NS, AbSF
Ty : :
T= (Ben 27 NE= Acceleration Payload Capacity
’ (m) (9) (kg) (g - ton)
= L} g
Drum centrifuge
(University of Western
Australia — Centre for 1.2 400 300 120
offshore foundation
systems, &)
Drum centrifuge
(Swiss Federal Institute of
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= 2|
Drum centrifuge
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Institute-Graduate School 10 450 200 %0
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<¥ 6-6> HA Q7 HH|

=2 L = H| 22
* Maximum Acceleration : 600g at 0.7m radius
A DEAIST| | S2E Al AE T * Drum Channel volgme :. 0.42m3
(Centrifuge) (Drum Centrifuge) (4.4m circumferential, width 0.35m, depth 0.27m)
g g * Capacity : 750kg at 600g, 450 g-tonne
* Twin Concentric Shaft technology (TCS)

[2¥ 6-15] Drum Centrifuge (Thomas Broadbent)
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42 Electrical slip rings
Drum axis

T

Range, dimension
Acceleration Range. at nommal radius
Morminal radns

Radius at ing drum suriace
Depth of soal in the drum
Heght of soi n the drum

Creumference of the sod mode! 3t the lop
Creumierence of the sod model a1 the botlom

Swess rato to the elashc hmd (mn, )
Centrifuge performance

Spend range
Acceleration stability in % of sel g's
Accaleraion acouraty
Vibrabon af drom surface (max)
Satellite table performance
Speed range |
Position command resclution
Position command format
Payload max (loaks)

Aus togues

Payload

Payload at 200 g

Acceptable imbalance

g x larce

Total Quantity

Optical passages
Nebwork modem
Transmisson rate
Number of ports

Dimensions

Crerall diameter

Orverall hes

Inrer drum dameter
Uisable drum height
System total weight
Electrical mains supply
Instaled power (max. )
Line voltage (other line voltage on request)
Frequency
Environmantal

Operating temperature
Relative humidity (noncondensing )
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e Reaction wall ( 18 RCH, 20l 25 m, =0 8 m, &4 1 m)
e Strong Floor ( PCM, Zol 25 m, & 12 m, &4 1 m)

e 1,000 KN Dynamic Actuator ( Stroke 150 mm, 90 gpm, 2 ea )
* 1,000 kN Dynamic Actuator ( Stroke 250 mm, 90 gpm, 2 ea )
* 500 kN Dynamic Actuator ( Stroke 150 mm, 15 gpm, 2 ea )
* 500 kN Dynamic Actuator ( Stroke 150 mm, 15 gpm, 1 ea )
e 250 kN Dynamic Actuator ( Stroke 150 mm, 15 gpm, 2 ea )
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e 100 kN Static Actuator ( Stroke 150 mm, 15 gpm, 1 ea )

* 50 kN Static Actuator ( Stroke 150 mm, 15 gpm, 1 ea )

e Total 600 gpm Hydraulic Power Unit (150 x 3 ea, 75 x 2 ea)
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[ A 5345 A EH : i =Er|sdT4
o Me: e, A%, wwk R wFe] .54 FRATE Fotaly] A Ade F7)
A glo] vl AAme g HlwA fA 2t & e AP
o $1A: A71= o
o 7|8} B3N gald HAEAEEY, 15 THASE, Ay A I3
|y E S s AIFAIAH HER7lat | s=EEEI|=HTH
s HT FoiM Aldie 3 ZA4DY AEHE a2 8 2 I2Ms
o HASAlgol &&
Reaction wall ( 18 RCH, 20| 235 m, =0/ 8 m, & 2 m)
Strong Floor ( PCA 20l 4565 m, & 144 m, &M 12 m)
MotE ols=2el ( XIF4])
500kN Dynamic Actuator ( Stroke 250 mm, 240 mmys, 12 ea )
25 /M S Aok 250kN Dynam!c Actuator ( Stroke 250 mm, 1,600 mnvs, 4 ea )
250kN Dynamic Actuator ( Stroke 750 mm, 1,000 mnvs, 4 ea )
250kN Dynamic Actuator ( Stroke 250 mm, 200 mnys, 4 ea )
5,000kN Static Actuator ( Stroke 750 mm, 2 ea )
2,000kN Static Actuator ( Stroke 750 mm, 1 ea )
180 gom Hydraulic Power Unit
HE Mg ti8Yel XFA ment ciel Repiey| B,
=4 CHRE Mg Zest &8-858 fevi7| e ER
Ckre| o7& 2tssh=0l 28t ReE= 2R
=R
FH[ALE
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[J FE X% Bogie Frame T ZA| Q7] . A =H

8 4%, A5 59 Y A5 B 9 5 724
3 = (o

5
2 274X glol Au AAwo WA 4A Hbd & A P

o 7Iet HiAnH : vAlld UALEHEED, 145 SHASER, e Ag=2ud

ZHH|H A T X2 Bogie Frame T ZA|E7| BR7| gt 28 ES3E
= o HT XEAL = S Clekst 2ofollA] Al 2 =408 ASHE i
- 2 TXEEM U nzAMs HASAFH 2=

» Strong Floor

* 500kN Dynamic Actuator ( Stroke 250 mm, 6 ea )
T2 /MS/AIE | « 250kN Dynamic Actuator ( Stroke 250 mm, 2 ea )
o 8% u|ZAEE Dynamic Actuator

* Hydraulic Power Unit

- MTuY Moy Aol M5l JKs3h gl AFAl mant of
A_c_>_| Ool-7|.E:17| |.|_|.|IL5|0.| ol
=EXx| RIN= | o AT
e o CIAMRE Aol ZRst M55 |7[27|E i 2ER61n U2,
. Citol Rebviady|s iSsier Zodt FUATZE RS UL

o Z2E, ZNEMEE 2 ZRHY W2 So| ZAMEF PxAH

;I-_?J:H_?_I [=) = o o =0 =0
=o = i -

o JH X BEH|e| 2HE = FEAES M4
AL
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[J 62+ % Vertical Excitation System : &£ X 714 7] 4]

o 7H3 ABAsh S8 5ol Adgel Fo2d S 09

i
o
g F7 A glo] Aul Ao waA 47 vera

6AI R = Vertical Excitation

System
AtsAL S2H| S Cleket 2ol Aoy 2 S47H
HEM S dS4dd &8

Z|oh AlE FA - 220 kN

g Fob Wl 001 750 Hz

2= i JEEE(ECFA A2 A”EAD): 5 G
= =t JESE(FUEA AZ AIEAD: 27 G

ZH2E o] JEEZ(ECEA AR AEAD): 1.3 G

Hydraulic Power Unit

Am

RISAF 2 | 2R AtE Aol YR Jts

o
CHRIRE Aol st ¥ 55 Reviiy| o B8
Chrel RelldY|E ASston Tes ReEE 2]

e

Rsxtel Ahe w5 F428 NHA HHAY
I 2 BRule SHIE £E FEAES YIASAH

_=_- 
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[J 62+ % Multi-Axial Simulation System : 525217

o 8: ABA, T3 Fol W F-FH T2 et AT YL F7} %
2 ol Al AAwo R vy A setd & Y AW

o AA: AeRE P

71k B4y gAld HAYAEEY, FAASEN], AH =<

2|y 6XF+ 5= Multi-Axial Simulation System HR7|2 | dEASKP|=
. e M5 Xi3AL &5 S CIeFst 2ofolA Ay 2 FA42H ASEHE tae
o 2 TxEM 3 uzMs HTAE &=
o Z[Cf AZE 2A : 20 kN
e Table Size : 25m x 20m
o FAIZ 0| £E 1 1.5 msec
29/M /Aot e 712F O £X 1 1.2 mysec
o 22 FUE W 001 750 Hz
o TAZ O JIEEE(ZICHFEAH A= AIEAD): 5 G
o JI12% AU JEEE(ZHFA A= AIFAD: 45 G
* 180 gom Hydraulic Power Unit
- o AtsAt 3! ZAH| oh Aoy Ao WRAH Js
B o CIXRE Mol Zest ¥ 85 |ei7| o 2%
59| o AlsAte| ALHY = HARY A LHRIAH
=o=T o A ¥ BHH|| 2 E = FEAMEL XM sAH
ZH|ARZI
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U =9 4%

O dtE 7257 F97FEH A 28 : University of Buffalo, SUNY

o 7l &: Dual Shake Table(3.6m x 3.6m)°|A HT] 40m7tA] A& A7]Y AF &

DY TE RS FUTIEI)E Aol 35 HEE 5 gom o) s0ron U
Aol s AREAL L AAZE Selmels g S AFE APo] 5 A

Rk

3

o $YA]: United States of America, New York

o 7Iet B4R : Ad HALEHEEY, 135 FAASEH, Hd

CELH

o

Zhd | HETE 23 FUATA|AE H{7|& | University of Buffalo, SUNY
= AN J1AH|, |lXE S clekst 2ofollAM Aol 2 403 ASHE ojae
o 2 T=EN Y URlds A3AH =&

* Reaction wall (Z0] 195 m, =0| 9 m, M 06 m)
e Strong Floor A (20 24 m, = 11.8 m, & 06 m)
e Strong Floor O (Z0] 183 m, & 122 m, &M 25 m)
T2/ S/AM2E | « Dual Shake Table (36 m x 3.6 m, 445 kN, 2 ea)
e T=180 kN / C=100 kN Dynamic Actuator ( Stroke 2,000 mm, 250 gom, 4 ea )
e T=2,002 kN / C=2,669 kN Static Actuator ( Stroke 1,219 mm, 3 ea )
 Total 1,020 gom Hydraulic Power Unit (185 gpomx4 ea, 140 gpmx2 ea)
o ACHY AEF|e| F=AMHO| Tl Chy HH2uiD} vizdujet
= o CHAIFE Ao Zest ¥ feVIE7| c ER
o Cio| RAVIHV|E 2tSol=H E=28F REfe| RYEHZ 2R
22He
ZH|ARE
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O w8 37z2E3 §4718 229 @ Lehigh University
o /N8 WA 372m29 Strong Floore} L3 2] Multi-Directional Reaction Wallo] A%
Hol a1 Z+E JRHE AMES BAstar o] AFRAL 2 HAAZE slo] Bl =
A3 9 gAfFE dFPo] et APAA
0 ?1A]: United States of America, Pennsylvania
o 718t B0 gAld YAEAEEY, 145 FAASEH, Ay dZ3#8bQ
2| i Tx =0 FUATEAIAH H{7|& | Lehigh University
= o M J|AH, YK S Cifst FoolAM ALY 3 A2 AEAME djae
o 2 FxEM 9 UZRMEs HSAH &2
* Reaction wall ( 20l 32 m, =0| 152 ~ 6.1 m)
e Strong Floor ( 2101 305 m, = 122 m)
e 2680 kN Dynamic Actuator ( Stroke 1,500 mm, 20 mmys, 3 ea )
e 2050 kN Dynamic Actuator ( Stroke 960 mm, 25 mmys, 2 ea )
e 1,500 kN Dynamic Actuator ( Stroke 960 mm, 35 mmys, 4 ea )
2o/ S/ ALt e 1500 kN Dynam!o Actuator ( Stroke 250 mm, 35 mmys, 2 ea )
e 1,050 kN Dynamic Actuator ( Stroke 250 mm, 50 mmys, 2 ea )
e 670 kN Dynamic Actuator ( Stroke 600 mm, 80 mmys, 2 ea )
e 580 kN Dynamic Actuator ( Stroke 250 mm, 60 mnvs, 8 ea )
e 1,000 kN Dynamic Actuator ( Stroke 250 mm, 35 mnys, 2 ea )
e 130 kN Dynamic Actuator ( Stroke 250 mm, 35 mmys, 2 ea )
e Total 600 gom Hydraulic Power Unit
o ALHY AlHAel FEAYO| 7is¢ot Y HizHn} dizddjct
= o CHAFE Mo Zest IMse &8 feViE7| cie ER
o Cro| RAVIHTIE 2tSst=dl 25t 7 ReH= 2R
srguel . %EHE, _’E_T’_é_’d%'%_% Elc'_ A wE 5o Aty 74"
o ZEHH W XNE AEFE 5o UMY
SH|AREI
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O 9t F2EH 947 A 28 : University of California, Berkeley

o 7l &: Reconfiguration Reaction Wall(Tall Wall Type)o] FZFE i ot
Pseudo Dynamic Testing Method €¢18]&& EF3t o tAfx 249

Y3 LA

o $YYX]: United States of America, California

718} B ghald dAEAEEY, 145 94340, U8 2439

xl-t|||:|

o~ lo

R PEET RUTIRAIAY 277

University

California, Berkeley

of

=X
= —1

+ 4, 717, ®RE S clefel SopoilAf MUY ¥ S22 MEAE e

2 ExEM I RN

THR/A S At

Reaction wall ( =g #11=0[ 1
Strong Floor ( 20l 18 m, Z 6 m )

1,000 kN Dynamic Actuator (Stroke 508 mm, 508 mnvs, 2 ea)

667 kN Dynamic Actuator (Stroke 1,016 mm, 508 mnvs, 2 ea)

1,560 kN Dynamic Actuator (Stroke 600 mm, 375 mmys, 1 ea)

530 kN Dynamic Actuator (Stroke 900 mm, 175 mmys, 2 ea)

530 kN Dynamic Actuator (Stroke 500 mm, 500 mnys, 2 ea)

T=270kN, C=380kN Dyn. Actuator (Stroke 500mm, 500mmnys, 2ea)

330 kN Dynamic Actuator ( Stroke 300 mm, 750 mmys, 1 ea)

310 kN Dynamic Actuator ( Stroke 300 mm, 750 mmys, 1 ea)

170 kN Dynamic Actuator ( Stroke 2,500 mm, 1,125 mnvs, 2 ea)

T=60 kN, C=90 kN Dyn. Act. (Stroke 250 mm, 1,250 mnvs, 2 ea)

50 kN Dynamic Actuator (Stroke 375 mm, 625 mmys, 2 ea)

961 kN Static Actuator (Stroke 1,829 mm, 19 mmys, 3 ea)

T=3,110 kN, C=4,180 kN Static Actuator (Stroke 300 mm, 25 gom, 2 ea)
T=1,500 kN, C=2,000 kN Static Actuator (Stroke 500 mm, 25 gom, 2 ea)
T=1,500 kN, C=2,000 kN Static Actuator (Stroke 250 mm, 25 gom, 2 ea)
1,070 kN Static Actuator (Stroke 600 mm, 25 gom, 1 ea)

530 kN Static Actuator (Stroke 900 mm, 25 gom, 2 ea)

270 kN Static Actuator (Stroke 900 mm, 25 gom, 1 ea)

Total 320 gpm Hydraulic Power Unit (80 gomx4 ea)

CHIRE Mgl Lost ¥ 55 ReplY|E o B8
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[ ] MAST System : University of Minnesota

o 7l 8: The Multi-axial Subassemblage Testing System¥} Reaction Wall, Strong
Floor7} AX|=o] Qla1 Z4F 9] I AMES Bfatar o] AEAL 3 AAIZE
stolBZ|= HdY T AR AP0l e APAA

o $JX]: United States of America, Minnesota

o 7IEt HfAR : vAlld UALEHEED, 1145 SHASEH, e Ag=2u<d

MAST(Multi-axial ~Subassemblage - o _
2|y , HR{7|2 | University of Minnesota
Testing) System
i o M TIA, X S CiSt EofollM AiE 2 AT ASHAME Hae
o 2 FT=EH F Utds Z3A"0 22
* Reaction wall ( LXF&, 20| 10.7m x 10.7 m, =0[| 10.7, &M 2.1 m )
* Strong Floor ( 20] 10.7 m, = 10.7 m, 1.67 m)
e Total System Capacity
- Vertical Forces: +5,900 kN
- Lateral Forces: +3900 kN
ARMS AR Latgral Dlgplacements: +406 mm
— Vertical Displacements: £508 mm
- Subassemblage size W x L x H: 61 m x 6.1 mx 87 m
e 1,980 kN Dynamic Actuator ( Stroke 812 mm, 4 ea )
e 1470 kN Dynamic Actuator ( Stroke 1,016 mm, 4 ea )
* 980 kN Dynamic Actuator ( Stroke 500 mm, 4 ea )
* 190 gom Hydraulic Power Unit
o ALHYE Aol Fx=AIR0| 7Fstt thy HiHn} diddiso| R0 U
EX| =2
o CHIRE AHo Zest IMse| 888 feVIE7|E o ERst US.
ar2uiol o ZRIE ZTE_T’_%E—-’E_% E'-J_ A wEF S2 Aty 2 A4 A
°= o ZEH WY =NE AFE 3o UMY
S| ARZI
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[J MAST System : NCREE in Taiwan

&l H A System for Multi-axial Subassemblage Testing (MAST)

HR7|& NCREE in Taiwan

= Vertical Force : £250 kN (£250 mm), 2 sets
= Lateral Force : 250 kN (+250 mm), 1 set

Bh| AR

[] A System for Cyclic Tests of Large Scale Buckling Restrainted Braced Frames :
NCREE in Taiwan

A System for Cyclic Tests of Large Scale Buckling Restrainted Braced

&d A
Frames

BRI\ NCREE in Taiwan

ZH| AR = Horisontal : £500 kN (x250 mm), 4 sets

ZH| AR
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o MH F|EE SSHNTIS ZA Z3} sA =Uljoll 1Ms Actuator 2|7} CE= EX| &

o SHX|2t CHE 29| A bt LxASE Actuatoro|td CHXIFE 2! SIO|EHE|ETZAEE
Actuator A|IAEIS HF5l0 Us 7|22 |l HeZ mletE.

o 7|&e| 1M ActuatorE 2510 CHAFRE Actuator A|IAHIS 2eMoZ FMs =&
UX|ZE O] A|AEIS FZ5H= 2YAA”IDIe| &M EX|7| whlE = US.

o0 CH}FE Actuator A|ARIS 7MSE| fIsIME oA =22 37| & 8 S 12
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2 U2 2AFE =

flol7| w20l AEMel 7|EHLS SlsiM Mmooz

N

o=z miE|

- 317 -



. 27tA7A AR E FE5 88 A H 2 NTIS(hitp: /hfecntis.gokr) A4 23}

THEEH|

2|y o =B - S 27 | =AY Key A Ao 1 4
No (mE) H|=FAL (A X Z2) FEEE (4ake) word HEMS dHlm MEZ| 2| ;Pxil A Eo|
Al EStAS The Fully Integrated . XZAL RjolE 2ozl o M M AMHE
T = ors S 2ol'sS
Al A A SHETY| Test Equipment H|
1 MTS N 2 ,2b4 =X [olriaT| 247
NFEC-2010-05-08 =T 009 ) for Railroad : i :OU[EU: _ 37HH o TxEo CIXIRE A
9 Infrastructure s TR sloll= =xi5kst
o X=AREE Hs4d
e T-slot Base Plate e ITE
) ] * Portal Frame for Vertical Loading | _ ;:{;IE X 2ZHEOKN
Hj_ifﬁ;";\lf; S 3ch Elastomer | ® Side Loading Fixture for Horizontal olshel Aotua?o?i 5
= SA T% - . . or/=
2 NEEC-2010-12-12 MTS S 2008 505 Durability Testing Loaghng A
7805 System e Maximum Freguency: 50Hz . g2 xso| Xl
¢ Vertical Dynamic Force: 50 kN oc maAsdL H
— L=H==8Y%T
e Horizontal Dynamic Force: 25 kN ;ra v
e 250kN Actuator (2CH)
ACH ZA7|H & I — Force capacity : + 250 kN o HEYA mzdd ©
. e EIN= VTS “ﬁlrja 2012 940 4CH Fatigue — Displacement : = 125 mm S|
NFEC-2012-09-17 ;r‘ - Testing System | e 500kN Actuator (2CH) o FXE0| GAFRE A

0534

- Force capacity : £ 500 kN
- Displacement : £ 125 mm

Sol= £
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2% RelTPAIH

2ch hydraulic

1,000kN Actuator System

- Force Rating : 1,000 KN

o 2zde]| u|ZAEY|

7] _ ~ N _ — Displacement : £125 mm
MTS | ZHdciste | 2009 805 durability testin i}
NFEC-2011-01-13 - : ;‘t’em 9 e 100kN Actuator System e GAIRE TZAIH0|=
5790 Y - Force Rating : 100 KN 25t
- Displacement : =125 mm
CIEL|TA|E 7| SAHE T e Single & Dual Table o AISAHEOfe| ClF =&
o3 A= Multi axial e AEE 58 4 1 680 K o I ZAIHY|
(323 wrs | TS a0 | 2300 T = ;
NFEC-2007-10-01 AEES simulation table | e WTAIY Fob=: 50 Hz o 1% ST CHKRE
9337 LIHIE e HOE 37]:15mx21m Alslofl= Fx3
o SHMFATIHETI: 1171
11CH Sl L7 11 CH. Hycrauiic e T-slot Base Plate o XISXtEOofe| 4
AlE7| VTS MEX= X} 2006 153 5 bI Tost e Portal Frame CIIFE AlSEH|
NFEC-2007-10-00 J|egl ! Hre "tyt 9 o Fxture o i8] TXE CX}
S
6428 System ~ Vertical Fixture(3) S Adojle 2xist
- Side Fixture(4)
SHFAIIT| 37 _
: Eagoo[ﬂ;jf 'LH o« RSAtROR 4nd
= o [ = =3 . _
4XHLE4W%:7TH?A| MEX=X} 4 CH. Hydraullc e T-slot ;rase Plate Siniaiods
= e ili i B xZ2o| ez 14
NFEC-2007-10-01 | “1° | pjma | 20 ] B Duragtyt 1o o Fure .Ef;f.zl Atljojl’ .
stem T AEo=
5132 - Vertical Fixture(1) et N
- Side Fixture(2) T
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3= Ui7 A7

Saginomiy

Dynamic Servo 3ch

HZHoll S=tel 3

A x| 2ARHY|

_ _ =M FTIET] 37
NFEC 28::23(;05 17 g 2012 638 Actuator System Fet7t7]: 374 . oxsol greE T
ZAlslof|l= 2et
) ) _ F2H71247] - 100 kN, 25 kN o J|ARE Jlitol 535t
Ni?CLHzg:Tﬁth MTS 2008 | 479 SC . b?dr$U|li S HF : * 125 mm 2 e H=AE
—~ - urability Testin _
2913 tyt d EX™=0[ 142 7 1,308 mm o TX=°| BAIRE 11
System HISAJOI= : 4 x 3 m 2Alslols HxEt
o MYSIEI 3F IZEA
= & SHRATE|: 394 =
EP(?IS—IP\I/:[;LO;IGS)H Muli Axal PortaTFrame | o —_rllxc"’l S50l w2}
== ST
MTS 2011 412 Endurance Test }
NFEC-2011-11-15 _ Side Mounting Fixture CHASIE= +==2| 6
1178 Machine System

Reaction Fixture

RARE Mgolls w5

Sh
=

- 320 -




Bo
ot o_u
Lo £
R oX
. o) W al
= Ak m| W 2
g o o ° N 4
B o &m - o’ ) oo
o o N o Jjo B =
oV Ty o —~— . o = L
) iy =0 N froa iy ~ N ol
Z_.ﬁ o o o 7L iO \a K
e ol I s do o o Ho oK o
O 9 ™ = —~
_E 2 ) Y ® % o 2 e — W R
Mo ) o] N N %o = o iy N
g ‘UI o v Jl o ‘;b ,HL = o =
"o pﬂa " T G X il o - 4 z
o) ik - o 5 - of ™ = i & ¢ N
2 T X 5 iy W T o ) of o Fi
KR % % O_E T o 1__/| NE mME o.ArO _r,._o ‘EE H_T_ aL
Gy o BB ® o W T« = W e ]
- © o) <o r wooe B oo i
sy X . ! ] ob -
= o ,mo on o ],_ M_ _W_ _nx_vu Uo & Lw - x ol
B _E 70 ,z_ﬁ .‘% k) 10 o e N 1__/l ) ~ Eo
,z J’ T_ Eo o ﬂ _EE ﬂNo ﬂ_wn —_ _ UT E_E o
i e A ) o oo w X . o 0 = X 3
- F ) S N s & S Tz i
N ] = X na )| = i R o B N o
£l T X A5 > o o - 50 O " g
H N = T — A © _Me K - H__ ~ e Ao _we
s T = b g < = - R —_ i o %0 T <
94 o oo I G - <X N o T
Torw Ty - 5 @ gl xx G R =
~ "o o O » = iy = = PR
s TN W w B o R F W T
oF 2 e ol Gt B X o = o X oy o Do ~
. T o = * oy Fa ok . s o
@ o= o T o B ° m o = w D = ™ e g
S 17¢L o o m %}w B 0 v
o _ L N o B o
0 ,A]L iR 2 o = T ~ oo < o ot oF -
T N B T = o - s 9 o - ik
o N o M z B o o O W N R -
o 7 uw © TR o " o el T =
T s %ufamamoﬁmg il
W N 0 N o %o = B o mo
o R =K " ~ 2 Bl N
° E W oo A
VW SEE o
) H oF i ;OT JoH
o ~ O o
By
o

- 321 -



]

o

P
T

WP oo

=
-

SEEDIEE

271o] tiPALE ool 4 7] uf

g AR AnE

3

EX
=

g’|

]

A4 Aw

0

o

(¢]

Fo] s o]ol 3t

e,

[ R=1
AA -

e

=

7}A Actuator®

O = 71€9 3145 Actuatore} vl st o 9=

ol

3]
=4

9 &7 7o 8.

ol &

T

0
i

™
7

2 )82 H & Actuators

Actuator

al

X

¢

)

o 7]&9 ©Y Actuatorg ©| &3}

1)

P a7t

[

7HEAI717]

g

49

(6]

N

0
]

CE R ERE RS

3t

o Al

[N

3 29

ActuatorE ©] &

=
=

o 71&9 1

9] ActuatorE X3

=
(¢}

73
)

- 322 -



Aed Fdo Fu E AA

1. 3% 8 F A%

o A9 Ao Hx4d5L 7k AA Top Class #i& SxE shler A&7}
A TE AA A dis] WellA vbg agHe® FAY & e WHS
==

<# 72> AV F7 % ARF

olr

7 4

Fatigue rated force capacity : 100 kN
» Double amplitude displacement, 500 mm (£250 mm)
= Type : Double Ended / Double Acting design for balaced dynamic performance

= Custom Actuator design with high performance cushions to allow dynamic testing
of large components.

100 kN * Hydrostatic bearing design
Actuator +  Coaxially mounted full stroke linear variable displacement transducer (LVDT)
(2ea) * Non-Linearity of LVDT : 0.5% of full range

Lifing & Pad

* 90 gom (340 Ipm) servo-valve

* 90 gom (340 Ipm) servo-valve manifold assembly
» QOperating Pressure : 210 bar

* Type : 4 port, 3 stage

Fatigue rated force capacity : 250 kN
Double amplitude displacement, 500 mm (£250 mm)
» Type : Double Ended / Double Acting design for balaced dynamic performance

250 kN * Custom Actuator design with high performance cushions to allow dynamic testing
Actuator of large components.
(2ea) * Hydrostatic bearing design

» Coaxially mounted full stroke linear variable displacement transducer (LVDT)
* Non-Linearity of LVDT : 0.5% of full range
» Lifting & Pad
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= 180 gom (680 Ipm) servo-valve

180 gom (680 lpm) servo-valve manifold assembly
» QOperating Pressure : 210 bar
= Type : 4 port, 3 stage

500 kN
Actuator
(2ea)

Fatigue rated force capacity : £500 kN
» Double amplitude displacement, 500 mm (£250 mm)
* Type : Double Ended / Double Acting design for balaced dynamic performance

= Custom Actuator design with high performance cushions to allow dynamic testing
of large components.

Hydrostatic bearing design
»  Coaxially mounted full stroke linear variable displacement transducer (LVDT)
* Non-Linearity of LVDT : 0.5% of full range
Lifing & Pad
= 180 gom (680 Ipm) servo-valve
» 180 gom (680 Ipm) servo-valve manifold assembly
» QOperating Pressure : 210 bar
= Type : 4 port, 3 stage

1,000 kN
Actuator
(2ea)

= Fatigue rated force capacity : 1,000 kN
» Double amplitude displacement, 500 mm (x250 mm)
* Type : Double Ended / Double Acting design for balaced dynamic performance

= Custom Actuator design with high performance cushions to allow dynamic testing
of large components.

Hydrostatic bearing design
»  Coaxially mounted full stroke linear variable displacement transducer (LVDT)
Non-Linearity of LVDT : 0.5% of full range
Lifing & Pad
180 gpm (680 Ipm) servo-valve
= 180 gom (680 Ipm) servo-valve manifold assembly

» QOperating Pressure : 210 bar
= Type : 4 port, 3 stage
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