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12 SeER s (NDI). 2 SR i & 1 B ]
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348 %5 SCB-09 ¥2 SCB-10 & ki 2 ¥ iF w Bl % 27 & 20 M5 4 bl4cH]
13- B® EFdFMEATSBFRE d RRET H 2208 B g1 5 Rle =
Ad o B35 5 e (Tempolll) £ ikl 2 Bcid s ¢ AR % AR (H) » 4w 7 5 7l
4 A D HPE S RN ABRT AN RS RN 2 B s B 142 RIS AN LA
B RSk P b FFE2 4G F 2 P IRUR G BURGR G o

450 Hysteresis Loop & Backbone Curve (SCB-09) 450 Hysteresis Loop & Backbone Curve (SCB-10)
400 A7 q 400 [
350 350
300 300
250 250
= 2001 = 200f
S 1501 g 150
3 100 = 100}
E 50F E 50
or 0F
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5 -100 - 53 -100
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= -200f 1 3-200F ] / 1
250+ 1 250 7 1
-300f 1 -300 < A 1
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S 4 3 2 -1 0 1 2 3 4 5 S5 4 -3 -2 -1 0 1 2 3 4 5
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(a) SCB-09 (b) SCB-10
Bl 13 #%k2 AFn BE e &0 RNE%
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(b) SCB-10

= s

AP B F iT

1.

Yin-Nan Huang, Chang-Ching Chang, and Chia-Hsin Chan, (2019), “Experimental And
Analytical Studies On The Lateral Loading Behavior Of Shear-Critical Steel-Plate
Concrete Composite Walls With Boundary Elements”, Proceeding of the 25th
International Conference on Structural Mechanics in Reactor Technology (SMiRT-25),
4-9, August Charlotte, North Carolina, USA.

BE, ARPL, R F T, REF, (2018), “ZEMEHIERFIAGFEBARE
j—;\_,_};ﬁé?'é“,é%lﬁ’“” L, PEARS e ESRIAAHEES e BX R 24
g, 0¥, 117 687,

# =~ %, %E{f FFI,RE, FeE, L, (2018), W z\;‘ﬂ@\ R

I%Av\-%q-7zpu+bpb %, \:‘%_&—5\];;]‘3;']-1 S ARF g T e B R E,
,11 7 6-8 p.
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AR R ERIEZ BEM FEMK 5 Cheng ¥ £ »1 2016 & Pl 2 3248 HO6O0 (Cheng

et. al., 2016) > & A F g £ % 2 1.0 (h/L=1.0) 0 F8E R8T 4 BEE by T & 5 )

wA A P TR B R Fﬁﬂ*#ﬁlhw FM@” PR 7 RV R0 TR

BFEBRT R PEER My "THBEOT A & Fd M/ hy 1\9 . ﬂ} SD420 4% 55 @ %

My, 12 1.25 & 4k 53%?%—%?-"% Rg R IFFEmF & 1 R EZREMH 2 A7 RIE= —pé%“'
A BEP A 7 AREKZ 2RSS TIRY S YB3

%\’ 1 Fé‘%g &

g B R y
e 7

ESN < f’ 225 PR S . 5% P . &5 B G5 4% - —
L A — ¢ B BF w5 e ) A5 55 .

%d- ‘fw (MPa) ; ;2 i fy %: fy _IIFF :; ;} fy ACV fC(MPa) Vmpf
B (MPa) | ## | (MPa) | 5L#ic | (MPa)

EB 41 No. 4 420 No.7 | 420 | No.3 | 420 0.78 1.00
3B 10 41 No. 4 420 No.7 | 420 | No.3 | 420 0.80 0.97
BB ' 41 No. 4 420 No.7 | 420 | No.3 | 420 0.80 0.97
H60

(Cheng et al., 2016) 41 No. 4 420 No.7 | 420 | No.3 | 420 0.78 1.01

RypEH HO0 2 %55 2 A <] » A7 Z BRBEFHML BL U EF TR
2000x200 mm (80x8 in.)’ @ # 4 EB i f #44 ¢0K 22 574 ] 5 450200 mm (188 in.) -
A BB & * {f 4040 B R R 25 300%300 mm (12x12in.) > 3#48 3B Rl * =
EEZEEA Y E 300200 mm (12x8 in)2 if A HEH AR b Y B B ELE
ZRFHZEIREHAE G SR FMH0 2 158 o d & - ¥ 50975 FH(EB
3B #2 BB) ¥ ¢ * iRt 4 A5 A 41 MPa (6 ksi)? 2 4 55 454" K3 & 413 MPa (60 ksi)
R G 5B RPRGRERE w0 TR A F RV /buly) 0 B3R HO60 48 F

Z RS T R F ORERTRE  TE 0.83 /f (MPa) > 3% 48 7 SR o 4 55 B 20,

B4 B AV 1 AR T A R (V) 0 28 T ACT 318-14(ACI
Committee 318, 2018) 45 & K H #L4x P G 4 5500 7 o 104 o di 8500 2 724> 58 1 p
Aoy T 2 RS B R ARGR ATRI G AR > p, F 07 LS w g 500~ f RLRUR o g AR TE R
R e

V,1=A.,(0.25 \/;C +p,f,) * (MPa) U1

??556?“-‘3: :

ERMIRCT RS SR TR BT BB S5 7 0 FHE RS B E(Vpear)E 14
PRI ABRSEDPFDR Y Y HEES P o B PR EsT L2 p 0 2 “f
Fn AP Z RS PR TO% R o BRREREME - R AV, 8V~
Foord PIEMABRR REF LY R FERRERAFERRATHERAT 4 B d, B 138
R Ao 2B E > RARHI -8 LR HE20%R I FL L EHE -

%’ﬂ% BISL 228 T78%  #FM4 EHLL8 RpBRAEI A 275 FHs* pld

¥ d %ﬁ‘"ﬂfﬁ—a‘%ﬂ' R L J‘-la o B B E WG FISH e F AR D
L FRIEACT A AP RN 2B E T 8 F P E(Chengetal, 2006)’_‘? Rk
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SR 2R R EREHRE Y BT R MRS R R A ek
P BE -

72 PlRe %k

Vv
f. I ’peak — Voeak dy Vieak Vpeak Voeak
Ly (MTDa) Ay fC'(IVIPa) (kN) (%) Vin Vimpr Vi1
WO mlTolewloleloleololwlo
EB 44.7 0.70 0.66 | 1860 | 1770 | 1.83 - 1.03 {098 (0.90|0.86 | 0.85 | 0.80
3B 49.1 0.69 0.59 | 1950 | 1660 | 1.92 - 1.03|0.88 ({090 |0.77 | 0.87 | 0.74
BB 50.5 0.68 0.63 | 1940|1790 |2.50(12.29|1.04 /1096|091 |0.84|0.87|0.80
H60
(Cheng et 44.0 0.74 0.63 | 1960|1680 |1.56|1.85(1.07/0.92|0.88|0.75|10.84|0.72
al., 2016)

T.5%
Vmpr (target drift)

..................... 2/.-;4---_-

-0.33

Shear stress/V fL'(MPa)
(=]
&
~ ! s
A\
=
Shear stress/V fL’(pSI)

mn

-0.66

-1.00 -12
4 3 2 1 o0 1 2 3 4

Drift (%)

pARE B f & 1.5%%
(a) ;7% EB
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1.00 5o 112
:]{"11'5 __________________ (target drift)
? 0.66 V 1_50/03"1- 8
a |~ mn (target drift) "g:
E 0.33 4 =
S ~
S~ L ' =t
~— \ﬁ o/ 1st
Z  0.00 0 2 1.5%
2 E
; B W
= -0.33 4 =
3 =
% i 75
-0.66 —" -8
_Vmpr
-1.00 12
4 3 2 1 0 1 2 3 4
Drift (%) . MEE R W
PRA A & 1.5%
(b) #4% 3B
1.00 12
ympr (target drift)

PR 4 & 1.5%t

Shear stress/ \fm

Shear stress/ fc'(psi)

4 3 -2 -1 0 1 2 3 4
Drift (%) reha g <
PR R A5 & 2.0%

(c) 344 BB
Bl 5 FH4 -8 REFHHRL

>3 = §J¢ :
ACI Committee 318, 2014, “Building Code Requirements for Structural Concrete and
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Commentary (ACI 318-14),” American Concrete Institute, Farmington Hills, Michigan, 519
pp-
Cheng, M.—Y.; Hung, S.—H.; Lequesne, R. D.; and Lepage, A., 2016, “Earthquake-Resistant

Squat Walls Reinforced with High Strength Steel,” ACI Structural Journal, V. 113, No.5, Sep.-
Oct., pp. 1065-1076.

Kuang, J. S.; and Ho, Y. B., 2008, “Seismic Behavior and Ductility of Squat Reinforced
Concrete Shear Walls with Nonseismic Detailing,” ACI Structural Journal, V. 105, No. 2,
Mar.- Apr., pp. 225-231.

Luna, B. N.; Rivera, J. P; and Whittaker, A. S., 2015, “Seismic Behavior of
Low-Aspect-Ratio Reinforced Concrete Shear Walls,” ACI Structural Journal, V. 112, No. 5,
Sep.- Oct., pp. 593-604.

Oesterle, R.B.; Fiorato, A.E.; and Corley, W. G., 1980, “Reinforcement Details for
Earthquake-Resistant Structural Walls,” ACI Structural Journal, V. 2, No.12, Dec., pp. 55-56.

Taleb, R.; Kono, S.; Tani, M.; and Sakashita, M., 2014, “Effect of End Region Confinement
on Seismic Performance of RC Cantilever Walls,” Proceedings of the 10th National
Conference in Earthquake Engineering, Earthquake Engineering Research Institute,
Anchorage, Alaska, Jul., 11 pp.

Wallace, J. W., 1995, “Seismic Design of RC Structural Walls. Part I: New Code Format,”
Journal of Structural Engineering, V. 121, No. 1, Jan., pp. 75-87.

Wallace, J. W.; and Orakcal, K., 2002, “ACI 318-99 provisions for seismic design of
structural walls,” Structural Journal, V. 99, No. 4, Jul., pp. 499-508.

= s

i AR

Cheng, M.—Y.; Hung, S.—H.; Lequesne, R. D.; and Lepage, A., 2016, “Earthquake-Resistant
Squat Walls Reinforced with High Strength Steel,” ACI Structural Journal, V. 113, No.5, Sep.-
Oct., pp. 1065-1076.

Cheng, M. —Y.; Chou, Yen; and Wibowo, S. b. L., “Cyclic Response of RC Squat Walls To
Boundary Element Arrangement.”, ACI Structural Journal (Accepted).
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BiE 2 3 4
B ] 30cmx50cm
D25 685 MPa
4 55
D13 785 MPa
A36 4 250 MPa
R 70 MPa
il N RN
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Positive Peak Value Negative Peak Value
Specimen Force Displacement | Drift Ratio | Force Displacement II{):tlf(t)
(kN) (mm) (%) (kN) (mm) (%)
CB20SP1 1034.7 18.7 1.87 -946.6 -18.3 -1.83
CB20SP2 1241.2 18.4 1.84 -1126.9 -18.9 -1.89
CB20SP3 1251.1 18.5 1.85 -1132.6 -18.7 -1.87
CB30SP1 886.7 43.3 2.89 -860.6 -43.8 -2.92
CB40SP1 642.5 59.0 2.95 -635.2 -39.8 -1.99
-
Vmax=1034(kN) ‘ 0.8Vmax
_ 9 £ ODR=- Y /
Z @ [ UDR=3.32% | LN
g 30: _ ' »/////’ /jjj
§ -300 {//‘; - / ——
5 600 <Y ’}i _
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Y& 1 [E]
Bl 9 #%8 CB20SP1 # % 3 12
o0 | VMax=1241(kN) +—
600 QDR: . // / “‘

Shear force(kN)
s & b w
g2 8 8 = 2

-1200

-1500

B 10 748 CB20SP2 2 ¢ & =4

UDR=3.45%

/

Vi

A7)

8 -6 -4 2

0 2 4 6

Drift ratio(%)

BiF

w [3]

29

CB20SP2
SOUTH

B 11 %48 CB20SP2 & % gLk 2




1500
1200
900
600
300
0

-300

Shear force(kN)

-600
-900
-1200

-1500

®l 12

1000
800
600
400
200

-200
-400

Shear force(kN)

-600
-800

-1000

B 14

800

CB20SP3 : ,

| Vmax=1251(kN) /N O8vmax
QDR-=- il /D
UDR=3.40% I 0

-8 -6 -4 2 0 2 4 6 8

Drift ratio(%)

]

748 CB20SP3 2 1 € & =43 & F 1w

-~

CB30SP1
[~ Vmax=886.7(kN)
QDR=3.88%
UDR=5.04%

0.8Vmax

;‘jf

)

0 2 4

Drift ratio(%)

748 CB30SP1 2 ¢ & & = 45 & i

600

400

200

=200

Shear force(kN)

-400

-600

CB40SP1

0.8Vmax

[ Vmax=642.5(kN)
QDR=4.96%
UDR=6.83%

-800

0 2 4

Drift ratio(%)

B 16 3#48 CB4OSP1 2 ¢ & =7 B ¥ i

]

30

2019 B F BT P A& 534 ¢ ()
R Bl ? <o 54 5 2019/05/03

7 cezosps

SOUTH
{L ’ ;f\
pil / =
, 5
oy e
o Ve
VA NAIY
vy
LR -

324 CB20SP3 & 3 AL3 1)

B 17 #4%8 CB40SPI 3 % g3 1+



2019 W3 BLAzFm g P w P %> %23 ¢ (D
Bl RaAes g s a0 2019/05/03

1500 CB20SP1 CB20SP2 S | CB20SP2  CB20SP3
1200 |- : 1200 » =
900 [ | | LY/ T\ 900 ‘ J \
) | 1 y S — X ~
AR R0 g 3 D HVARERN zeoo-; =1 | s
x / < = {
§ 300 | ' g 300 f
S 0 S 0
[ | w— [
& -300 % / 5 -300 } /
o s / - -CB20SP1 o / —CB20SP2
£ 600 } N /] £ -600 | /
7 e N il 7 S /
-900 | NS ie/ 900 | N/
N ”,/ - -~ --
oo | : CB20SP2 1900 | J CB20SP3
1500 . . . . . . 1500 . . . . . .
8 6 -4 -2 0 2 4 6 8 84 6 -4 -2 0 2 4 6 8
Drift ratio(%) Drift ratio(%)

Bl18 @k apiaprL Fa i B9 jRFHTSFZARTFIVR

%48 CB20SP2 12 CB20SP1 & M Al teidf®P kB - ¥ B 15 202 - 334 > A n;éa
%@"7 & RH4eB 18 #7m o F4 CB20SPI 3% % 4% 4% it § »cd& < )4 35 & j8_1034.7kN _

3 1241.2kN 59 20%> & 4 B % 53 & Bb5) b g I 0248 2% wpfe RN A S BN
e CB20SP1 - 4% & "% xkE%F'“‘i'lJJ& CB20SP2 % % 4 ;jili=#% i 4 » 6 % ¢ >34 CB20SP1
fo CB20SP2 &'k A =4 & 6] 5 3.32%Fr 3.45% > W3k F 0.1%AK FF =#i 4 > d 0 4
HAEFE  FREFRIAIG U BT R RAZFNTE G PR L5
CB20SP1 £ CB20SP2 4= 4>% & A %] 5 123.2kN/mm £ 136.7kN/mm > fic % 4% (& > F 4
PREFALE 1% i B4 6 0 324 CB20SP2 e & 5%& B 8 & 4 it £ fodsd
W CB20SP1 £ 9 1.7 & 5 &% B %> 6 > CB20SP1 48 A g 7 =4 4%pF > H %
#2 B % CB20SP2 :#48% 10% » >0 K B =45 5%PF > :# 48 CB20SP1 3% & % i 4o Jpl A4
CB20SP2 % 20% » o ** CB20SPI ;2 %8 % %S i R /s ERBAHE
FooAT AR L 0 m CB20SP2 3EMER G 49 = Fasdapl4 > B4F R D Pie R
S Y BRI o
748 CB20SP3 12 CB20SP2 3 R 3l fe— F A4t A7 el 36 190 4 47 & wigiz
¢ HAeR] 19 75 o ;#A48 CB20SP2 &2 CB20SP3 & & & % 55 R Bb.4) & B 243 2% >
% B4 A A W 5 1241.2kN 22 1251.1kN » & i # =+ ag)i% Ak o B A4Sy Al
B BREm P A R AR REFEREY 2 Ap s KBNS 2w j»’g IR-Y
CB20SP2 = CB20SP3 &'k [ 4% & ] 5 3.45%Fr 3.4% » & —gfé“w Bizfga 4 @4
£ 05%; j4 43 R k5 > CB20SP2 £ CB20SP3 #-4>% & » % & 136.7kKN/mm £
149kN/mm > ;T +ﬁo T 4 42 CB20SP3 348 > H o & # CB20SP2 484 2 1 9% ; i
B4 6 0 AR S%A B 4l CB20SP2 frid 4 CB20SP3 & ¥ & 4 it £ i) fudp
T ﬁ}i%i}é\"” B AR AR S R AR B R R R EARRA I FRBURR IR Y L
PR AE R PR RL B AR TIRAL AT RAE L L R G -
Bl 20 5 7 B iR 2 324 & LM > #H CB20SP2 )4 58 & 1241.2kN &+ » £ % 3
i#48 CB30SP1 H i)+ 3 & 886.7KN » 48 CB40SP1 4 % B 642.5kN Rl | ; 4= 4o
B = & > CB20SP2 ~ CB30SP1 2 2 CB40SP1 4= 4>% & & %] 5 136.7kN/mm ~ 71.2kN/mm
2 43 1kN/mm » ;2R P AXE > HA S RAS] 5 2 ¢ 0 K BB 5% R
F2o i B 47 4 CB40SPl 7 BA4Fenifivac 4 > d 0B Fn By i 4% 2P k5
B ¥ > @ CB30SP1 it £ ) 475 5 CB40SPI it € i) 47 92% » 348 CB20SP2 z it £

31



2019 B3 RaAeF g ¢ o F s 6 (D)

R 7 Balfesmy e o

= 2 2019/05/03

W AT CB40SP1 e156% 5 3% & %% > & > ak B 8 +5%(Ist)fF » 48 CB20SP2 o
WA A RAE Y AAEER A AR R 4% 1RUE F B 5 3.45% 0
CB30SP1 RIA#HFHF P EEH L2HMET PaAA4L EAPERR &%AER %% 17%
EI A B AR A A PR TR D R G 5.04% 0 248 CB40SP1 A #
P BEFAE A BRI EP B BAR LT 12%E Pl 3 A S ETA R AR A
T E 0 mUE A E 6.83% o

1.2
O £
508 | _.CB2SP2 JREE
S 04 | ___CB30SP1
S ffeteddeiitieseiioaiig
® 02 | HHIHHHHIHIH i
s o CB40SP1
82 —CB20SP2
N4t
o6 | s f ~ CB30SP1
£ ~ N //’
0-08 | - N/
Z 4t “w ~ CB40SP1
1.2 . )
-10 8 6 _2‘ 0 . 2 6
Drift ratio(%)

10

B20 7 e giFy 2 @R 750

A= 2

AP B ¥ 0T

AW~ F R ok T HF2Z38RHSRA T BRABEARF LAY 0
Rpd R1Aey @ w42 52019

32



2019 W3 BLAzFm g P w P %> %23 ¢ (D
Bl RaAes g s a0 2019/05/03

s} 4@#_#% w2 T 5P

.‘_Li,”\ ﬁiﬁagﬁﬂm,u,é

%ipﬁ-ﬁaﬁéﬁ#hﬂﬁﬁﬁpﬁéﬁé TR 2 AR E] 2 A R AT 5
-1 ek 43*#%5 % 6D

3 % 1 106-2625-M-492-007-

O T A S S

$EAR CEAE LG § 2

B % § #8  chung@ncree.narl.org.tw

WERPEF 107E47 350

REP B RS RIAFT Y LA RREF R RS E R h

WP
SR TRAR Y AT 2 LA ERAT R e T a0 R E A rﬁ%ﬁl’%
ERF (e B2 FrRE)EFDEFE S N T

€ Fl i A REART F Y RAEAZE
W R M slAZAL g F s TG RS A R EATH AR Y 2 RC HEA R (W 1
Srr) G Ege g HF ko b RCHERFNRRL 1 MW BT B3 PERG 245
2 EEHN  WRERFETE AR EARF TR TN AT AR 2
hae RCHHEAT 5 (F4538 > 7 B4 A4 2 227 Ukeo

AL AR R L SERE ST SRS £ T B4 BT 4 RCHEH > Flt i
%@&?Jﬁﬁiﬁﬂﬁé%%’?WW*?ﬁﬁ%ﬁ*“i*ﬂfﬁﬁ’ﬁﬂﬁ&b
FAPL RV RFE T BARRR ERRFE TS AL PR DREY R B
% fL:%ﬁ,gja]r;a%g_#w KRR e RS o TR 4 RC%#—IH ﬁ%%-‘”ﬁgi%f?fﬁ

#ﬂ z%,z PiT@E o A g4«#q.r s 4 2EF ?ﬁpfd;i}&mfiq o

HERGE

A TERWFE TR RCHEFE TG HE2Z 4 it il S e B g 4 £
Bl R P M E RS R R 2 @ED A RCHES - S AH 2
B om0l Eiie B4 RIAT R - EFITIEY o

RTH o 4e RC’}# RA-TFRF-B ¥:iB mATHZBFEAY w L EEBR 2
Beo HE R FHGRZ BURESS G M > A B 4 RCHE2E ﬁﬁxé:’W%F
TR A Bho 4 B RBHE AR HE P LR T R AR 3 A
RRERBR IR DR - BRI RT) R DRREMED 0 2 TFERE R RS
BN MG 2HREFHFRAEREPRFLERT BTSRRI T APE -

AT 2 F W A AR “%yf‘%i“ iR H2k R RURSE B L 175 kgflem? s gt o Lo
fEAE A R REE%RT 0 < RS é&ﬁ@w‘ﬁﬁm#afﬁ%’a%aﬁﬁﬁ
“ﬂ*ﬂﬁu%ﬁﬁ*7‘*%é#ﬂ s A B P AAH AR B R

33



2019 W3 BLAzFm g P w P %> %23 ¢ (D
BRE RaEF g P o 2019/05/03

AT AT 2 R o3 RNz A#H T XL E 800cem s F 140cm s JE65¢em 0 A
S TR SHUR S ¢ B2 28RS S E A BT AH & 5
FEES 20 cm 2 fie B 0 4% 552 3K 3- "% R B ¥ 5 4200 kgf/lem? -

AT RO SR %ééﬁﬁﬁ@ﬁ#m@JﬁP X4 EFB-16 %3 5 ¥+ &
60cm~# 5 15cm:> = # £ B 5 160 cm 2 #4F > KF oA 1 om B2 FRar(p
7R %@%Fﬁ”%i&ﬁ % 480 cm ; :#4% EFB-24 g ,a%FE'6OCm #E 15cm > & 5
ERIBL240cm 2 > A EFFHRY lom B2 IR8d(p 2 BE4)F5 /g 7
S E 7 5 480 cm; 348 EFB-48 2 % 60 cm~ 45 5 15 cm~ 4% & 480 cm 2 45 >
FrRFESaRHE -3 RRM2 L8 vEY FEEV# & FIES 20 om S §o
S PIE #3455 FFEE S 20 om 2 fie ¥ oA 5e LR 2 4% 553K 3R 'E IR3s & 5 2800 kgf/em?
o kR R S 280 kgf/cm s WLAF e 55 Bl Ao B] 2~ 7 #1or o o
LSS e AH TR IR RREY ERR L TI0Bm S E T iR
$4 0 AFLEYHIH S FESIFER S 10em o T AT g F LR 8490 R g
P %T“f s Flpt 10 em 2 48 55 R R B s iR Y BAs B A o 4 85 3 20 em P EET B
FRER By S TR AR T D] 125 BHERAEE RE AR -
AFE 2 EM R PAL S AT T R o d TR MR R e e R g R
REpRFI e 3064 R B PR SEIE w4 2 RS 0 Ak
KT RIS B pe BB RS QLT o T RMEAAE I RALE
Lo R FEME 2 e 24 5 B 50cm -~ F S50 em > £ 570 om0 00 K 3y 2 Hed fo
g SER R o FETRREY FALH 6 A A R B A WA R F 2 BUR - B
24 SR LR AIHT 4SS KB KRR R 5 4200 kgf/em? RAEREREE S AL
T ER O BERYAS S X - B U RS wRS S FEEA G 13 om &
20cm > ¥ Fe ¥ 135 & §449 0 K KA 5 2800 kgflem? 5 d »03R 88 2 R 2 LR e PR
BORED o FI MR 2 R R PUR R AR L 280 kgflem? o

ARG R R E 2 LR 2 R4 RBEHME R RS B
FRHEAAGFAHIAR) A REREFE A RITTEL Y 2T 4 BEFER T
B E B (Actuator)FH i B 4 4 R L BERS D URRle 4 BIRE 2R £ %
RS %ﬁﬁ“ PIFMF @ET 4 204 o
ipxiﬁJ3&@gﬁ@ﬁﬁﬁ‘ﬁ4%m\;4%¢\@4@m5@@;%3@0
B4 37'\47@?'%?(7”%%]5'4 A44SR EEIREET g
G B4 TR AETE S AT B BRSBTS ’11 %R @R R
BtAr ~ A A A BT o AT RIS R S 2 Ap¥ A E
B BIRE BRI A2 AR B R B AR 2 B Jﬁ ’L‘Hﬁ#’@e’v@ﬂ
ﬁ;%rjl—i—i&f#_ifﬁd@% » B @4 4% 2 b%«é)gt‘:m F"*é_i/ﬁ‘ﬁ s #;Eﬂ@r %ﬁ;étggz! 2z gﬁla}g ’
MR E R G A F R Ar e Vb AT 2 E S AR ER AN
WALFR M RENSEe T2 A2 P2 2TFPAR - BRRFEB G4 2 F 4 4R
@R R A AR % KR o o] 8~F] 10 4P

AL 2R BE F R R IORR] RS p R R R] K SRR RS R e 50 B

=

7
2k
o

34



2019 W3 BLAzFm g P w P %> %23 ¢ (D
Bl RaAes g s a0 2019/05/03

B h3RE Rk RIS SIS B A ST E LR BRIV MREE Y
S AHE VA U KRB RS TR RY (FHBAST o R £ R
Z AR R AR 11 6T

i

AF L AR T R £ R PR 0 R Y I A L RS B
gy A BRSNS PRSP R R g § - O
AR o AR RS T SR SBRE R K B & (Drift Ratio) & ;&
W54 ¢ w3 BAH AR B AL g A @i RKS E2 P RS =45 o d Drift Ratio 2
RRE BR N S RGeSl o T R ) B AR EF e E) -

[O35 ACI374.1:05 2 3 4 fofeA 7 = L3I f ki » 0 AS BRRB RS - 7
PR KA &l A B AR R B (75 T Ok
b2 FRE o AEFRERRFET ARG B 12 5 AR AR L
Pl RRGERDN S LD B ENE RET OB LR BB BFL
EET-ERZET S E o

W

E1RCR

AL EFB-16 2 R4 2/ W % & LM o 13 957 > ¢ RREm2 5 - BLpl4 8
Bhed 1407 o d NRM LS EEHBT e L R4 CHH G-

48 EFB-16 > & F =4 & 0.1%(4 5 0.582 mm)p¥ > @] 4 5 & 5 199.7 ti(d % 5 A& 2.
90%) » d 4 Bérinfp2 vt HApET R B BMB R G 3431 tmm o 2 pEEAE S A
AHET 4 B YR B & 0.15%( 8 5 0.837 mm)pF o B4 55 & 5 213.3 tf(
WRZ 96%) 0 ¢ 4 BB B MRDA S 2548 thnm > ¢ § PR 0 LT A
BHEL DR R BN BT BT R R R R TS E 0.8% (4 5 6.298
mm)fF o ERE B L R4 A S 22190 d 4 B g v B HMRB A S 352 tmm
DR T AASE R R 2 10% 0 2 o7 R R B R 2 90%4 0 B A & E
R A L 2% A R 2% 2% B B B BB B A BT ¥ L
B (T R R A 2% B 3% B o TR KRS LR
A 25% e TR 0 5 TR B 3% R A H25% B R R F] s E AT
A & D1 3.0%(1A 5 23.79 mm)pE > I oo ARG R ] 8251t Ak AL A2
37% PR I A BB R 2 1% BAFFIEEL > o &4 e d e
BLEREM EFB-16 22 Bk 25 4~ 405 8 B B> B % s b8 £ B 9 5 30~45 B o
SEER T A LR 4 3 1% HAR AOE RS bk % 5 T 4 BRI
FRR M A s D 2% HEA N % 2 d T4 BEBBUREN A £ o J 4548 EFB-16
WF AR E A BB TR T B b o IR AL P B A B 2 ok
PR SR A g e Ml A3 o

o] 14~ 16 77 > (RSB R R P BLRIRE S HF 8 F 7 008 Rl R o Jip
BRREFAI ey Moo FHEBMALI e Lenipe 4 5% > & RIHFE S B~ Ll

35



2019 W3 BLAzFm g P w P %> %23 ¢ (D
W%%%1ﬁpiﬂw"vbamwwm3

P BA R FREMELRI T e Fr s F RHEFER RS B LRI R
AR d NBHALT S Lped B S REI B €S *ﬁ%ixmﬁﬁ/’g
FRAFEL LI e G e 4 T P BSR4 RR €M ERT RIEF N TR
R R REBR S 2R G o

48 EFB-24 2. )4 =4 d 82 & RAB 4B 17 977 0 & 2R w2 T - ghip) 4 B>
BArd 2977 o BLRIEKR L% > 4oB) 18~ 20 #77 > F#48 EFB-24 2. & 7 =4 & foplk
Hos 8 B F 223248 EFB-16 4p 12 ©

R EFB-48 2 4 =4 d % & A A4oB] 21 977 0 & R m2 & - ghip 4 B iz
Bdcd 3 41T o PHRE 0 SGRHR > #M8 EFB-48 2 K M =4 & 3 B 213848 EFB-16
Az o JRFFEA S A G A FERBEHRVFML G 5 3 kT A (R 22) 0 B M
13025 mm e A AR GO RREDRIC o T 4 A kT AT R
s K B & 5 0.3%:E 58 B RS (B 23) 0 K T BB i A 0 T 4 Bim s B
2R AT BERAURENF B o J N EM EFB4A8 AR R IRALY > F AR
WA 2 o AR 24 7T 0 KGERSABRYREZRAIAF R FYRT A £
FoA ke kT A A X s N AL S AR 255 G B B

ARz B R4 BB EH R BB Aok 4907 0 B4 B M2 ¢ AR
25 957 o o Bk % BET > 348 EFB-16 22 EFB-24 2. £ i fiui 3% B4 R AR % 4
e B B G B ORRERES o YR T B R 2% 0 MW B AR ORRAR I E
4OBEREERSY e d TR EFBAR 3tk T oA K T A M TR ERERKS 2 R
455 B~ B M3 B RO F frid 48 EFB-16 & EFB-24 § #7% b o KGR BT %l
AR RBSR T 0 2 A 2 R - - RS S IR )50 H AR
FARTARMAL AFRELAE A PR V- 2 0 8 BRI EL
BHAST G i FET o RRHASMFLET 0 W RKREAAN L T
y2 82 I il
AT T K3 AR ¢ RN L R EE P S 2 Rz A0
BhA W RBE REE MMAFARTEE DR L 1 RRTERL 08 Bh A EAR
HR2Z 2# G BUEHBA R NBATH w2 ¢ LREZFHELHI QT 0 5

o

e ﬁf'ﬁi“ifkfj%%Ayﬁﬁ,‘—’\ag@V s BESL S NT REA R E L PR

k=Z Gl R 2B P REELE > TV EERTVEHA EFRESA 20 ERE
y

A Y = N e e

2wt FER =i03&$%1ﬁﬁ$%%ﬁ26%m’§$%1w4aﬁf

y

RUGREBLPES QB HEFREBA BRVEBA BB RV, ~EEDRE

"’h’ﬁf'ﬁ_g';‘é_Rlé B3 3;_,114«1 5
FHE 2 B R AR AR ERRETHETTRE R L - B HHAB RS EGT
" > iR Al EFB-48 34+ T A P & > 248 EFB-16 &2 EFB-24 > Ju ] 3t 25 3 § 47 4

o

~=h
¥

36



019 M3 R TP <R %3 EFHE(D

R 7P By oo 545 2019/05/03

KT R FR G A e A 2 A 0 R EFB-48 2 B T R 5 3 AR &
< & o

#4 EFB-16 2 #r 1+ % £ R 5 36.3 ~ :#4 EFB-24 5 26.36 ~ 34 EFB-16 5 6.72 > o %

w48 EFB-16 § & I dsl > SBIRALT drfl WLy B o @ jrad 5 A B0 R0 G K

ESE AR AS A TR B R > BIFEREFB-162Z & E R o d M REDR

o

AF R R PN R PEFERG 672 RFREERESBA L [ hFF &

RMEZERER T AFERZER NI G a2zl ifFipHici 22958
7 n= JET 4 7 A v 7 | L I

AR 22 %7550 4 0 TR F =8 & E‘ SRS AEHETRH 2B RE

REFWEFB-16 2 & Uk B =45 & 5 1.756% :#48 EFB-24 2_ &V & =45 & 5 1.132%
#48 EFB-48 2 &L B =8 & 5 0.569% o o b3 73248 EFB-16 2 @*w B &R
XA TR B IRHE R A H B0 4 0 AR E 2 R0 4 R &R R b
et g Hepft o

Big o I R BHER %Li’ﬁ.%ﬁﬁf’ 4 REgRk R (484 E)EEIRKT 4 B B R
(1597 &) 45 3 BZEM > A 22 A 452V 112 BB E2 W IRE % 5 4ok 6 977 o &
A BREK RS, fﬂ.« PR ARBEASPTRAETIE S 1.88~20 &7 § MEEHW
WA AATEN RS  AFR LTS BRI gEe e S TRLT S R A
2 A o 1 AR 5 R B ePpUR T R R T 4 BRGS0 @ ’:&"i T4 B
Hee 3 ap BERIS > F 7 5 N A ERE I s RN s Fp R 2 2 AR R R
FEOBEYRERET I ERAEAAFV R ERBAEE SR AT EL 115~1.2
ATBRBREFRGAPTI T o FEN 3 BRI B I B RFT S
G R OPF o B R RS *##;Q;**ﬁ.qia 1597 /%Rt 4 2 H % RE 484 9 4 BEEX
kA 2 REZ ) E -

= s

P F IE

Fhor (2018) BKT 4 G RRAFL? 444 RC fEH#wH (il ) L+ 52
AL ARFFTY AT o

M~ FAE S HEFLA Mk (2018511 7 ) BET 4 5 RABR Y
4w RC JEFAH - am> 430 FARY 4 ERfEiE2 5 4 E¥ RI1BFE -
TOIARE AR o

Chen, C. H., Yeh, X. F,, Lai, T., Lai, Y. C., Chung, L. L. (2018, November). Shear Strength
Test of Slabs Applied to Seismic Retrofit of External RC Frames. Paper session presented at
the 31 KKHTCNN Symposium on Civil Engineering, Kyoto, Japan.

37

’



2019 B3 RaAeF g ¢ o F s 6 (D)
BR R s Ga 0 2019/05/03

% 1 748 EFB-16 ]+ 4 ¥ 52 ¢ %8

Lateral Lateral
Fz)rc):e - 570 _ F(()r)ce
_|_ i
i e B
R A5 & = 4% (mm) ] 4 58 R (tf) = # (mm) ] 4 58 R (tf)

0.1% 0.582 199.7 -0.731 -186.8
0.15% 0.837 213.3 -1.205 -189.2
0.2% 1.253 199 -1.468 -173.3
0.3% 2.076 214 -2.45 -188.9
0.4% 2.929 207.6 -3.329 -178.4
0.5% 3.776 207.1 -4.17 -167.1
0.6% 4.63 207 -4.779 -146.1
0.8% 6.298 221.9 -6.68 -155
1.0% 8.009 201.2 -8.377 -153.2
1.25% 10.22 182.3 -10.52 -160.7
1.5% 12.36 149.9 -12.63 -168.1
2% 16.56 168 -16.33 -157.9
2.5% 20.84 108.5 -20.59 -147.6
3% 23.79 82.51 -25.45 -61.59

% 2 A0 EFB-24 il 4 A8 0 M2 ¢ Ru

Lateral Lateral
Force - 570 _ D
- ()
Sg—
EFB-24 g
I | i
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R B A% & 4% (mm) g 4 3% A (tf) 4% (mm) B 4 3% R (tf)
0.1% 0.514 210.8 -0.6645 -183.5
0.15% 0.984 222.2 -1.073 -188.4
0.2% 1.411 214.8 -1.492 -183.2
0.3% 2.267 221.2 -2.336 -187.8
0.4% 3.111 202.3 -3.172 -183
0.5% 3.982 193.8 -4.017 -185.3
0.6% 4.854 182.7 -4.885 -179.9
0.8% 6.548 181.6 -6.504 -186.3
1.0% 8.305 153.6 -8.284 -181.8
1.25% 10.42 143.5 -10.42 -184.9
1.5% 12.54 139.2 -12.59 -170.5

2% 16.79 166 -16.86 -178.7
2.5% 21.07 146.8 -21.13 -161.7
3% 25.34 126.1 -25.44 -122
4% 33.88 84.47 -33.98 -58.7
% 3 2248 EFB48 )4 =4 M2 & 25
Lateral Lateral
Force 570 Force

—
0, O
EFB-48 3
I w i

% R £ 4% (mm) B4 5% R (tf) = # (mm) B4 58 R (tf)
0.1% 0.6085 197.7 -0.7305 -183.2
0.15% 0.8785 227.5 -1.155 -200.4
0.2% 1.271 233.6 -1.588 -206.7
0.3% 2.103 236.3 -2.438 -198.6
0.4% 2.949 210.9 -3.305 -168.5
0.5% 3.848 168.8 -4.2 -138.4
0.6% 4.777 129.9 -5.071 -118.8
0.8% 6.497 122.3 -6.744 -118
1.0% 8.226 100.3 -8.546 -105.3
1.25% 10.35 96.06 -10.67 -99.4
1.5% 12.46 93.79 -12.77 -92.65

2% 16.7 100.5 -17.05 -81.75
2.5% 20.99 79.2 -21.31 -68.61
3% 25.24 65.31 -25.55 -63.17
4% 33.71 68.61 -34.06 -60.96
5% 42.21 54.9 -42.54 -51.84
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EFB-16 221.9 0.8%
EFB-24 2222 0.15%
EFB-48 2363 0.3%

%25 FMERLS2Z R E2EY L REL

AS
=2 ) V,(tf) k (tf/mm) A, (mm) A, (mm) R_A
y
EFB-16 205.23 707.2 0.2902 10.5357 36.3
EFB-24 199.72 775.3 0.2576 6.7898 26.36
EFB-48 225.11 442.7 0.5085 3.4153 6.72
F 6 AR A 7 R H A% R R 2 v (H e tf)
P T L R R A - BRI
R WA (V4R | IHEESRY | MEREOTeE
EFB-16 | 221.90 118.12 192.61 1.88 1.15
EFB-24 | 222.20 118.12 194.06 1.88 1.15
EFB-48 | 236.30 118.12 196.33 2.00 1.20

W1 7 4e 4 2 4% 56 2 )
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p Longi. rebar Transverse rebar fiber | Axial

No Specimen ID (Mlga) fy pI fy, size - Pw Vi IOE}d

(MPa) (%) (MPa) | spacing | (%) | (%) | ratio

1 | S1-500-0.75-0.10 0.10

2 | S2-500-0.75-0.20 D13-50 0.20

3 | S3-500-0.75-0.30 0 0.1 0.75 0.30

4 | S4-500-0.75-0.40 4.52 0.40
70 685 785

5 | S5-540-1.50-0.10 (20D32) 0.10

6 | S6-540-1.50-0.20 D13-54 0.20

7 | S7-540-1.50-0.30 0 0.09 | 1.50 0.30

8 | S8-540-1.50-0.40 0.40
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Wisena Percek, 2019, “Shear Behavior of High Strength Steel Fiber Reinforced Concrete

Columns”

, PhD dissertation, Taipei, Taiwan, 463pp.
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Cross ,
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Specimen il Section ¢ s fy S By bl
Mode Force
(mm) | (cm?) |(mm)| (MPa) (MPa) (MPa) [(mm)| (%)
10S0.15 | 35 2L3% | 1800 | 60x60 | 40 70(88.03) [685(715.88)| 785(863) | 100 | 1.00 | 0.15
15S0.15 | 3 4 3% | 1800 | 60x60 | 40 70(87.05) [685(715.88)| 785(863) | 150 | 0.67 | 0.15
20S0.15 | 3 4 #L3E | 1800 | 60x60 | 40 70(77.04) |685(715.88)| 785(863) | 200 | 0.50 | 0.15
10S0.3 |43 #L8 | 1800 | 60x60 | 40 70(74) |685(715.88)| 785(863) | 100 | 1.00 | 0.3
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A STUDY OF GLOBAL OUT-OF-PLANE STABILITY
MODEL FOR WES BRBS
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Buckling-restrained braces (BRB) have been widely used as cost-effective energy
dissipaters in seismic designs of steel buildings. However, several issues of out-of-plane
(OOP) instability have been observed in previous research. The stability evaluation method
commonly used in seismic design practice applies three limit states to check the stability of
the steel casing, connections, and gussets separately. Nevertheless, they appear to be
over-simplified, by adopting unreasonable end conditions and neglecting coupling effects
among them. Therefore, this study adapts an advanced stability assessment procedure and
proposes a new stability model that considers the flexural deformation of the restrainer, gusset
rotations, and the aforementioned coupling effects. In addition, an evaluation method is
developed for finite-element model analysis to compute the gussets’ rotational stiffness and
strength. To verify the effectiveness of the proposed model, four full-scale BRB specimens
each 5.8 m long with a 988-kN nominal yielding strength, varying restrainer stiffness, gusset
thickness, and with/without edge stiffeners or OOP end drift are tested.
TR

The experiment was conducted using the Multi-Axial Testing System (MATS) at
NCREE. Figure 1 illustrates the test setup, where the positive X-direction is toward the south
(the platen side), and the positive Y-direction is toward the east. This coordinate system was
applied for both the loading protocol and the instrumentation. The specimens were arranged
between the platen and the reaction wall. Each BRB specimen was welded to the gusset. Two
gusset connectors were fabricated to provide end boundary conditions for the gussets, and to
simulate the gusset-beam and gusset—column interfaces.

Reaction wall

Connector

|E : Specimen
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Figure 1. The experimental setup.

In order to recover the OOP deformations of the specimens, an optical measuring system
(OMS), which comprise a data logger, a camera and several markers, was used (see Figure 2).
An array of OMS markers was placed along the BRB member and gussets as shown in Figure
3. The markers emitted optical signal which was subsequently captured by the camera. As a
result, the instant three-dimensional coordinates of each marker were computed and recorded.
Four 150-mm displacement transducers were arranged at the restrainer ends (two on each side)
to measure the BRB’s axial deformations (see Figure 4). An array of uniaxial strain gauges
was attached at the head of the overlap portion between the joint segment and the gusset to
recover the axial force and the bending moment if necessary.

ol

370mm@14

Figure 3. The layout of the optical measuring system markers.

Displacement transducers Displacement transducers
l
“:n:n:=o
]
;\ | T
Strain gauges Strain gauges

Figure 4. The layout of the displacement gauges and strain gauges.

ST EEIE

The specimens were tested by applying cyclically increasing displacements. The loading
protocol comprised two parts: 1) the standard and 2) the fatigue cyclic loading tests, as
illustrated in Figure 5. The standard loading cycles followed the recommendations of AISC
341-10 [21] for BRBs, where the first two cycles consider the yielding displacement of the
BRB specimen. Then, the loading proceeds with an increasing IDR ranging from 1% to 4%
for two cycles at each level. In order to trigger the instability of the specimens, two additional
cycles with a 5% IDR were adopted following the last cycle of 4% IDR if necessary. Once the
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specimen went through the abovementioned loading cycles without failure, the fatigue cyclic

loading test with constant displacements of 3% IDR was repeated until failure occurred.

6 A4g
g3 ,\V,\v/\/\/\/\/\/\/\/\/\/\/\/\iﬁ_g
& -3 VVVV\/\/\/\/VVV\AQz

N socauicaang  [EETRETO

Figure 5. The loading protocol.

8 : .
& 4 G18_LC | | | 3
A = 0 e WM«— 3
£ -4F ! : >
pil ‘ ‘
= 8 ] ‘
B g 4r § ‘ _OU
50 Nmm 5
S -4t i i w
5 -8 j ‘
C 88 ; :
b = 37 . W -QU
: ! ! =
e Ar 1% 2% 3% § 4% | 5% o
-8
8 20 400
4| G18 15| G16 300F o
— 0 10t 200F o.
[l ‘ ‘ W 5F 100F =
E4f i i Of 0 — >
g ‘ ‘ -5 -100
£ 8 20r 4007
© 151 3001 o
£ gk e . —~ 10F 200F Q.
% [ vy ey SN T N 5k 100 2
o -4r | | 0 of w
= -8 I i 5L 100k
o 8 20¢ 400r
© al 151 3001 E)U
of RPN\ W\ ¥ 100 1% 2% 200 3% |5
4% 2% | 3% of of—— 0
-8 ‘ ‘ -5 -100
8 \ o——=
4| G16_ES(I) | 0 S/ | T
_ L N ~~\ i 100 e.
T of ; -10f | ok =
E4r ! 20/ G16_ES(Il) -200F >
- -8 : 250
£s . 0
@© L 50 v
£ 4 L o
é O' Pttt o~ A 10F ::ggk §-
8 ‘4f _20- -200( w
= -8 250
o 8 ‘ \ 0
£ °f —
} 0 ——— J"\ ———— N L
© ar ! N N YV .;gk -QU
O' NI e -10- 1501 ':'_S._
Ay 2% 3% 20F 3% 4% 200 5% O
-8 250
Figure 6. The OOP displacement histories of the specimens.
E R

Three of the specimens buckled during the test. Figure 6 presents the out-f-plane (OOP)
displacement (positive Y-direction shown in Figure 10) histories measured at the midpoint
(Point B) and the two ends of the restrainer (Points A and C) for each specimen. Figure 7
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shows the deformed shapes at the cyclic compressive peaks of each IDR level by plotting the
corresponding Y-coordinates of all OMS markers.
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Figure 7. The deformed shapes of the specimens measured by the OMS.

In Figure 6, for Specimens G18, G18 LC, and G16 ES(I), it can be seen that the
measured end displacements of the restrainer were in opposite directions, implying that the
asymmetrical deformations were initially triggered and continued. On the contrary, the end
displacements observed from G16 and G16 ES(II) were always in the same direction,
indicating that the symmetrical deformations were developed at the beginning. These
phenomena can also be observed and confirmed in Figure 7. In addition, the OOP
displacements of G16 and G16 ES(II) were substantially larger than those of the other
specimens. The development of these large OOP displacements should be responsible for the
subsequent buckling that occurred in G16 and G16_ES(II).

The red curves in Figure 7 illustrate the experimental instantaneous buckling shapes of
the buckled specimens at the designated IDR levels. The red curves clearly indicate that G18,
G16, and G16_ES(II) buckled in a symmetrical mode. The blue gradient curves of G18 show
that an asymmetrical OOP deformation was initially developed with the southern gusset
deformed toward the east. However, it was then bent backward to the west, triggering the
symmetrical buckling mode.

BT
Chen LW, Tsai KC, Tsai CY, and Wu AC. (2019) “Evaluation out-of-plane stability for welded
BRBs considering flexural restrainer and gusset rotations”, Journal of Constructional Steel

Research. (in press)
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Frequency Domain of Acturator Force (White Noise, Test 1)
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Moo MHCERR BRI BB R IHIAL B LR KA A RS EY 0D-3D6D
12D & A A %] 5:0297 s~ 0.306 s ~ 0.315s ~ 0.372 s

s
4

Sand
height:

oD i
3D

=]

20

1300

1000

¥S

(@)
Bl 2% 25 (a) * FARGFR T L B (unit: mm); (b) 4% OD #48; (c) # B 3D #F1Y;
(d) # & 6D #48; (e) B 12D =4
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El centro NS 100 ~ 150 ~ 200
aD TCU068 EW 100 ~ 150 ~ 200
AriTCU068 100 ~ 150 ~ 200
White Noise 30
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Pile Moment Distribution (left) Pile Moment Distribution (right)
1400 1400
1200 1200
1000 1000
’E AriTCU068 0.29 ‘E AriTCU068 0.2g
£ 800 - ® ® @0D-P=-518kgf £ 800 - ® ® @O0D P=445kgf
£ A A A3DP=-576 kgf R A A A3DP=514 kgf
= [l B 6D P=-642 kgf = B B 6D P=569 kgf
o 600 + + 412D P=-625 kgf o 600 & 4+ 12D P=497 kof
I I
400 - 400 -
200 - 200 -
O T U T 0 T T
-8000 -4000 0 4000 8000 -8000 -4000 0 4000 8000
Moment (kgf-mm) Moment (kgf-mm)

(a) (b)
Bl 5 5 A A B $4 454 # (AriTCU068 0.2g): (a) = ; (b) +

BABIEHES RS ARAH S GBEREEER 24 BT 6 BTG 0 2L
BT R %”’T”%m?%“%kwmﬁ&i'@ ) E iR A KB
AP$ A o PG~ 4 B ATCUO68 (PGA=0.2g) 5 6] » 4] 6 “F 7 > #57F # % ]
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W

FH 1999 £ 921 A B3 E P B A7 R X F] R (TCU064)E 27r # A & 271
BB ¥ 2 st Bk B P SeiSat B AL £ RT3 B R - 3 e
A BETARR 2 ERIE P 0 AT R 3 TG BBk B 4 g\. kPR E w7
- KT e

?\ pé‘rgﬁigg F‘ﬁ’}

B =X 18 A E—é‘t%ﬁ% »
i R B iR ()
1 White Noise 50 gal
2 White Noise 100 gal
Sweep Sine
’ (0.5Hz~30Hz ) 100 gal
TCU064NS
4 921Chi-Chi EQ code compatible excitation 630 gal
TCUO064NS
> 921Chi-Chi EQ code compatible excitation 1260 gal
6 White Noise 100 gal
TCUO17NS
’ 921Chi-Chi EQ code compatible excitation 1500 gal
8 White Noise 100 gal
TCUO17NS
? 921Chi-Chi EQ code compatible excitation 1000 ga
10 White Noise 100 gal
TCUO17NS
H 921Chi-Chi EQ code compatible excitation 2000 gal
12 White Noise 100 gal

HEREE
dRRER P HT AR E AT UG RPBR R FE SR T4 0 RS
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AA o RERRRL TR oD BT ERIS TR AV REY T g DA
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WY B SR RBORIRE

WP

WA ST A Ap BT 4 0 e W 2 KA (lattice layer) 3t 0 £ R
Rt sEM g B o HH (cel)E BB e o FH RS A LA
(phononic crystal)¥ & #f 5 — 2(1D) ~ = 2(2D)2 = 2(3D)& 3" > 4Bl 1 #777 o 2dfené
FHAE O R FLFEFFEFIEL R SE PRI FERE LRSI TR
(frequency band gap) &' % /& % (attenuation zone) - B 2(a)%g -+ > f$ S R T AR
+ ﬁ’F’“PH" R ‘“ﬁ'ﬁ_iﬁ»ﬂ‘zz%ﬁﬂ B fotBie- b @ik o F o2 o ML PE 5% A

FHAFREE BT T EES LY BR(F 20) -

1D l 20 i 3D !

Bl 1 B piz sadpsag
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0000000 3 4 3

000000 OO
(a) (®)

B2 %5 L8z 53 TREEAGT LR
OB T SRR 3 AT AR K E R e IR g
TR MY D ER B AA P RS Bk S SRR £ R ()
3)» H f,a_.» % FHp 4 A # (periodic foundation) o #g i » pb— FH A H L 7 L85 -
w(ID) ~ = 4 (2D)% = w(3D)K 2+ » A B|4cB] 4(a) ~ ()& (C)*F7 o 2FF 5 T A4 3D i
ﬁﬂ'ﬁ%@’ RAPH 2 S5 e b SRR UREL R RS X iﬁ”t”ﬂéF' R 27
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|
|

: Periodic Foundation ¢
Seismic
Wave

B3 FHHEAHET LR

00000
—lli» 100000 == Y z X
00000 L_
- 00000 - X
@ 00000 ®

Bl 4 TP AHL L () 1D~ (b)2D -~ (c) 3D

WHRTE

AE%Y 2 3D P A AR 2 H 2 fF(unit cell) > d F B E 325 mm 2 & 2 RY
R EE 3 fs 5w (conerete core) © & o ¢ B 5 &R 19.2 mm 2. F £ fig #(polyurethane pad) i
2B 5) > 2P EAHAEEY 545 20 3D Y PAH 2T oL e
4730x2180x60 mm £ 5120x3000x200 mm 2_4% 3R 3 45 > T EHEEF S N2 H Tiaﬁaﬁ‘ﬂ
oo AN REFL 3D TP UAH - FINSHEHEEE 0 Ta 2x] &%‘iﬁﬁ#iﬁ R
3700x1700x1575 mm e ¥ 4 78 2 A 2 7F 4w > A Bl % KT 2 3250 WG 2 FFRA
FHAAFE S 250 kg0 A3 R E L 11860 kg(RF] 6) - R A R & 'PJ B RE
BV ARSI RIT RS SERINSEHTEE LG AHAL B F o e B A
fiw B EEA2 R E R N ERR T B LT w2 ek B E R(E 940 X =R
W2 kT ELD 22 BB F (R 10)o gt b m & E 24 LB F Rz 'r«é'w(rnarker)
W IR R R M AHZ KR E T BAERZEE(B 1) FRESEXRFR T
é El ?] 12 -

34.43X34.43 X 1.93 36.36 X 36.36 X 1.93

36.36 X34.43X 193

Unit: cm

Concrete Core:
32.5X325X325

FE] 5 H [had BBB ﬁ—?(unlt cell) “E'_ﬁ:\'
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Bl 6 A b e 2T R W

A20,T20 A10,T10

A19,T19 A09,T09

A18,T18 A08,T08

A17,T17 A07,T07

A16,T16
A15,T15

A14,T14 A04.TO4

A12,T12 A13,T13 o,
S g2

M 4 3 A01,TO1
h L4

z
Lx

Shake Table

Bl 7 RRIEGE (LR

A30,T30 A40,T40

A29,T29 A39,T39
b ———————] |

f
\
\
\
\
\
\
\

N

A28,T28 A38,T38

A27,T27 A37,T37
A26,T26
A25,T25
Qi
A24,T24
A22,T22 A23,T23 PR
'S \32

A21,T21 4 B A31,T31
b >

4
X

Shake Table

B 8 R PIEG R (T R
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#%%?
AEEH LBEHRTE s L h e RO)EFHRH ¥ A E RS §
E)%FL" R T D S S %%4”\@1@1 BR o B ERIRL

A PEME 1T S0Hz 4865 0.1 g # ~ FFEE & 5 60560(% 1) o 5E1s » 00 i 2k
B R FERFRS 11 50Hz 3RAG5 0.1 g 4 » PR 5 90 sec(% 2) - d
Il TR Sl ‘é%}%ﬁvpﬁﬂ ’?%’EE’@?J P Mo BRSNS Sl
B2 %%ﬁ R T 2he R Rk o P 23 A Rl bk THIRELL AR
04g:eivzdskeH P » AEME 1 v 221%?‘5? Pe ] s TR 2o A e R R YR
HH B ﬁP(samphngpenod)L FRRYZAE-
%1 & Sﬁ%l:".ifi % * (white noise)

Control Input Duration
Test run Case Input Excitation Alg::lnth Direction Freq (Hz) | Amplitude (g) (sec)
1 Uniaxial (X) 1-50 0.1 60
2 Case 6: 3D Periodic Uniaxial (Z) 1-50 0.1 60
Foundation with White Noise Acc Amplitude
3 Superstructure Torsional (Rz) 1-50 (degree/se ) 60
25
N = :
%2 & o ﬁs?l 12 3 B 4 (sweep sine)
Control Input Duration
Test run Case Input Excitation A]g::lnth Direction Freq (Hz) | Amplitude (g) (sec)
4 Uniaxial (X) 1-50 0.1 90
5 Case 6: 3D Periodic Uniaxial (Z) 1-50 0.1 90
Foundation with Scanning Frequency Acc Amplitude
6 Superstructure Torsional (Rz) 1-50 (degree/sec’) 90
25
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# 3 ¥ o a2 p At (H #he)

o Contl:ol Input
Test run Case Input Excitation Algl(;rlth PGA (g) Direction
7 Anza H Uniaxial (X)
8 Anza V Uniaxial (Z)
9 Bishop H Uniaxial (X)
10 Bishop V Uniaxial (Z)
11 Gilroy H Uniaxial (X)
12 Gilroy V Uniaxial (Z)
13 Oroville H Uniaxial (X)
14 Oroville Z Uniaxial (Z)
15 ElCentro H Uniaxial (X)
16 ElCentro V Uniaxial (Z)
17 Loma Prieta H Uniaxial (X)
18 Loma Prieta V Uniaxial (Z)
19 Northridge H Uniaxial (X)
20 Northridge V Uniaxial (Z)
21 San Fernando H Uniaxial (X)
22 San Fernando V Uniaxial (Z)
23 Ancona Palombina H Uniaxial (X)
24 Ancona Palombina V Uniaxial (Z)
25 Ancona_Rocca H Uniaxial (X)
26 Ancona Rocca V Uniaxial (Z)
27 Anza Cochella H Uniaxial (X)
28 Case 6: 3D Periodic AnzafCoch.e]lafV Un?'ax.ial (2)
2 Foundation with Anza Laqu@ta H ACC 0.4 Um.ax1.a1 (X)
30 Superstructure _Anza Laquinta V Un_1ax_1al (Z2)
31 Big Bear Homeland H Uniaxial (X)
32 Big Bear Homeland V Uniaxial (Z)
33 Big Bear Puerta H Uniaxial (X)
34 Big Bear Puerta V Uniaxial (Z)
35 Chuetsu_Oki H Uniaxial (X)
36 Chuetsu Oki V Uniaxial (Z)
37 El Mayor H Uniaxial (X)
38 El Mayor V Uniaxial (Z)
39 Helena H Uniaxial (X)
40 Helena V Uniaxial (Z)
41 Lytle Creek H Uniaxial (X)
42 Lytle Creek V Uniaxial (Z)
43 North Palm Spring H Uniaxial (X)
44 North Palm Spring V Uniaxial (Z)
45 Oroville_Garage H Uniaxial (X)
46 Oroville Garage V Uniaxial (Z)
47 Oroville Seismograph H Uniaxial (X)
48 Oroville Seismograph V Uniaxial (Z)
49 San Fernando Santa Anita H Uniaxial (X)
50 San Fernando Santa Anita V Uniaxial (Z)
51 Whittier H Uniaxial (X)
52 Whittier V Uniaxial (Z)
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R

FERHRA S DRI AR IR AR AR L B R RRHIE TR
(W 13)2 W 13 ¢+ 270 § 5 Weve st g & 5] 4 f 1 R5#40% 3] Anza~Bishp £ Oroville
BRA TR TR T RF Lo gHEY > 150 3R AR h IR R EH K
AHIER L e fens B4 (77 T2 e R RERSS o d 255 WA EF 20 b 30
B AR RF R APROTE R R R LG IR R R A AR
RiGZ AR RF I AT R 0 SRR IR Sk R P BT~ 2 R
# -] > & Anza -~ Bishp £ Oroville # & 4 2 "8 B » A 5|37 87.68% ~ 88.82%%7 93.42% >
RO L SRS X SN RN Y S

3.t 3 A AR A b. 1+ 3% 5% e 3D 42 A A
0.6 - : 0.6 . :
—— Shake table —— Shake table
0.4 __ Top of RC foundation - 0.4 __ Top of 3D periodic foundation
S (close to black curve) S (close to purple curve)
‘E 02F —— Roof of superstructure ‘E 02+t —— Roof of superstructure
K] Re]
s 0 - s 0 -
o @
8 3
8-02 g-0271
< <
0.4t 1 0.4
-0.6 : : -0.6 : :
0 10 20 30 0 10 20 30
Time (sec) Time (sec)
c. Anza earthquake (fixed base) d. Anza earthquake (w/ periodic
foundation)
0.6 : - 0.6 ; :
—— Shake table —— Shake table
0.4 __ Top of RC foundation 1 04r __Top of 3D periodic foundation
S (close to black curve) S (close to purple curve)
‘E 0.2 —— Roof of superstructure ‘E 02+t —— Roof of superstructure
K] Re]
s 0 S o0
o @
3 3
o 02 8-02¢
< <
-0.4 0.4
-0.6 : : : : -0.6 : : : :
0 5 10 15 20 25 0 5 10 15 20 25
Time (sec) Time (sec)
e. Bishop earthquake (fixed base) f. Bishop earthquake

(w/ periodic foundation)
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0.6 T T 06 . :
—— Shake table —— Shake table

0.4 ___ Top of RC foundation 0.4 ___Top of 3D periodic foundation
) (close to black curve) > (close to purple curve)
Z 0.2 — Roof of superstructure ?:/ 0.2 — Roof of superstructure
R o
s 0 S o0
@ Q@
3 8
o -0.2 o -02r
< <

-04F 0.4

-0.6 - : : - 3 - 0.6 - : 3 -

0 5 10 15 20 25 0 5 10 15 20 25
Time (sec) Time (sec)
g. Oroville earthquake (fixed base) h. Oroville earthquake
(w/ periodic foundation)
Bl 13 3P EAHIERBN R
At s
ipBEF 0T

Witarto W, Wang SJ, Yang CY, Nie X, Mo YL, Chang KC, Tang Y, Kassawara R. "Seismic
isolation of small modular reactors using metamaterials," AIP Advances 2018; 8(4): 045307.
DOI: 10.1063/1.5020161. (SCI, EI)

Yi-Lung Mo, Cho-Yen Yang, Kuo-Chun Chang, Robert Kassawara, Shiang-Jung Wang,
Witarto, Xin Nie and Yu Tang. PERIODIC FOUNDATIONS FOR SEISMIC BASE
ISOLATION OF SMALL MODULAR REACTORS. The I11th National Conference on
Earthquake Engineering, Los Angeles, USA, June 25-29, 2018.

Witarto W, Wang SJ, Yang CY, Nie X, Mo YL, Chang KC, Tang Y, Kassawara R. Periodic
material-based passive control systems for engineering structures. ASCE Earth & Space
Conference, Cleveland, U.S.A., April 9-12, 2018. (Best Student Paper Award)
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Height
No. Label Description Range Typical
Name Stories Stories Feet
1 w1 Wood, Light Frame (£ 5,000 sq. ft.) 1-2 1 14
> w2 Wood, Commercial and Industrial (> All 5 24
5,000 sq. ft.)
3 SiL Steel Moment Frame Low-Rise 1-3 2 24
- S1M Mid-Rise 4-7 5 60
5 S1H High-Rise 8+ 13 156
8 SaL Steel Braced Frame Low-Rise 1-3 2 24
7 S2M Mid-Rise 4-7 5 80
8 S2H High-Rise 8+ 13 156
3 S3 Steel Light Frame All 1 15
10 S4L Steel Frame with Cast-in-Place Low-Rise 1-3 2 24
11 S4M Concrete Shear Walls Mid-Rise 4-7 5 0
12 | S4H High-Rise 8+ 13 156
13 S5L Steel Frame with Unreinforced Low-Rise 1-3 2 24
14 | ssm WEERSE S Mid-Rise 4-7 5 80
15 | S5H High-Rise 8+ 13 156
16 ciL Concrete Moment Frame Low-Rise 1-3 2 20
17 | CIM Mid-Rise 4-7 5 50
18 CiH High-Rise 8+ 12 120
19 caL Concrete Shear Walls Low-Rise 1-3 2 20
20 | C2M Mid-Rise 4-7 5 50
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Table 5.9a Structural Fragility Curve Parameters - High-Code
Seismic Design Level

Building Properties Interstory Dnft at Spectral Displacement (inches)
Type Height (inches) Threshold of Damage State Slight Moderate Extensive Complete
Roof | Modal Slight Moderate | Extensive | Complete | Median Beta Median Beta Median Beta Median Beta

W1 168 126 0.0040 0.0120 0.0400 0.1000 0.50 0.80 1.51 0.81 5.04 0.85 12.60 0.97
w2 288 216 0.0040 0.0120 0.0400 0.1000 0.86 0.81 2.59 0.88 8.64 0.90 21.60 0.83
SIL 288 216 0.0060 0.0120 0.0300 0.0800 1.30 0.80 259 0.76 6.48 0.69 17.28 0.72
SIM 720 540 0.0040 0.0080 0.0200 0.0533 2.16 0.65 432 0.66 10.80 0.67 28.80 0.74
SIH 1872 | 1123 0.0030 0.0060 0.0150 0.0400 337 0.64 6.74 0.64 16.85 0.65 4493 0.67
S2L 288 216 0.0050 0.0100 0.0300 0.0800 1.08 0.81 2.16 0.89 6.48 0.94 17.28 0.83
S2M 720 540 0.0033 0.0067 0.0200 0.0533 1.80 0.67 3.60 0.67 10.80 0.68 28.80 0.79
S2H 1872 | 1123 0.0025 0.0050 0.0150 0.0400 281 0.63 5.62 0.63 16.85 0.64 4493 0.71
S3 180 135 0.0040 0.0080 0.0240 0.0700 0.54 0.81 1.08 0.82 324 0.91 945 0.90
S4L 288 216 0.0040 0.0080 0.0240 0.0700 0.86 0.89 1.73 0.89 5.18 0.98 15.12 0.87
S4M 720 540 0.0027 0.0053 0.0160 0.0467 144 0.77 288 0.72 8.64 0.70 2520 0.89
S4H 1872 | 1123 0.0020 0.0040 0.0120 0.0350 225 0.64 449 0.66 13.48 0.69 3931 0.77
S5L

S5M

S5H

CIL 240 180 0.0050 0.0100 0.0300 0.0800 0.90 0.81 1.80 0.84 5.40 0.86 14.40 0.81

CIM 600 450 0.0033 0.0067 0.0200 0.0533 1.50 0.68 3.00 0.67 9.00 0.68 24.00 0.81
CIH 1440 | 864 0.0025 0.0050 0.0150 0.0400 2.16 0.66 432 0.64 12.96 0.67 34.56 0.78

C2L 240 180 0.0040 0.0100 0.0300 0.0800 0.72 0.81 1.80 084 5.40 093 1440 0.92
M 600 450 0.0027 0.0067 0.0200 0.0533 1.20 0.74 3.00 0.77 9.00 0.68 24.00 0.77
C2H 1440 864 0.0020 0.0050 0.0150 0.0400 1.73 0.68 432 0.65 12.96 0.66 34.56 0.75
C3L

CM

C3H

PC1 180 135 0.0040 0.0080 0.0240 0.0700 0.54 0.76 1.08 0.86 324 0.88 945 0.99
PC2L 240 180 0.0040 0.0080 0.0240 0.0700 0.72 0.84 1.4 0.88 432 0.98 12.60 094
PC2M 600 450 0.0027 0.0053 0.0160 0.0467 1.20 0.77 2.40 0.81 720 0.70 21.00 0.82
PC2H 1440 864 0.0020 0.0040 0.0120 0.0350 1.73 0.64 346 0.66 10.37 0.68 30.24 081
RMIL 240 180 0.0040 0.0080 0.0240 0.0700 0.72 084 1.4 0.86 432 092 12.60 1.01
RMIM 600 450 0.0027 0.0053 0.0160 0.0467 1.20 0.71 2.40 0.81 7.20 0.76 21.00 0.75
RM2L 240 180 0.0040 0.0080 0.0240 0.0700 0.72 0.80 1.4 0.81 432 091 12.60 0.98
RM2M 600 450 0.0027 0.0053 0.0160 0.0467 120 0.71 2.40 0.79 720 0.70 21.00 0.73
RM2H 1440 864 0.0020 0.0040 0.0120 0.0350 1.73 0.66 346 0.65 10.37 0.66 30.24 0.72
URML

URMM

MH 120 120 0.0040 0.0080 0.0240 0.0700 0.48 091 0.96 1.00 288 1.03 840 0.92

o
RN
. , e , by e
BT R AR acb BRI AR R RS 0 T R R D 2 P R )

~ Rk ea‘—" EIR.E— Pz PR AR R -

B 62® 7~ % % aip 400Gal fr 800Gal #EF & Bl2 = # B 2 AEHE ; B 8
2@/ 9~ % 5 400Gal f- 800Gal LVDT & Bl 2. =45 FE P+ B 2 A7 B v &R 482 LVDT

BRlZ %o 8 HApag o v R P ER RIS 2 AF B L7 R

IF;Z o

% 5 5 Casel ..‘%fﬁ%ﬂ"Aﬁi— WA F A BT A B)EARREAFL A
& 200Gal ¥ B4 ehd ¢ o B H 2R R~ Bk E -~ 2 LVDT BB F 2 ke
< EAp ”ﬁ MREAGHEXE > A LEFRARESR] > 95 0.0lmm~0.lmm >
T AR R ERARRED

400Gal » 24 T > paf B E R /F‘J“f i Bhall o~ &7 o] B4 LVDT
AR EAPEAL T A & "%;‘19 R 10%7 Nt RERESR S E S 2.23mm
2 LVDT & =~ & 243 > 354 9-02mm > F£ |7 A 9 :%-8% A REE S K xgiIFL
Fe o 7 %’i']“*ﬁ-’]‘l;ﬁ'—%xd a~b Al 8 BERRE  &E b RITERZ EH ]
S A BTE o P af] b RIBE AR

600Gal = 2+ T d ad RIFGHE BRI T BB Ed FRIB S PR BE IR B
RAoFRES FRERET ERECQE)FLPRACHANWFELR AT AL 10%’
PP AR NS kg T R P RAGEE D PRIE e ORI B IR BT ]
#E A DA K o

117



2019 M7 ma1fesy @ o F ‘Eﬁa\%ﬁﬂ;‘}g(l)

R7F Rifermy e oo » 2019/05/03

800Gal #+ B4 T » B 1j H B £ \@Mﬁgﬁﬁﬁéﬁ-&« ¥ LVDT ET;&./E‘J&"\ kS
5/Tmm =+ > FAF P lmm o ELF A A “’Kfﬁ I

1000Gal ¥ 24 * » % filj#?a#,fu,; ) r&tﬁxfﬁﬁ%’l/a BEAERFEHED "*‘ P 2P =R L
WX 10mm =+ > k2Rd %1 i P HE R R e HE e LVDT A=)
AZ¥E 2mm > e d FAF AL i—g Bt bl A Ag i 5% ¥ EWRE Y f!f:f‘ °

%6 Casel SHEMAN-BERF B RACELRF =B S B GRE RS
LVDT & B2 #icdpip i 1 > £ “fuﬂlé}rs’iagr%\ zPrsxa’ﬁ:%Tiféf’

200Ga1 9 0 VHRPGE P F S 95 0.0004~0.0007 > A HFAL rid
* 2 K B A o 5 -0.0002~-0.0005 © 4k 1M e 2 A B 25t 5 0.0004~0.0006
WAK B A0 5-0.0003~-0.0006 0 L K B 4200 5 -0.0003~-0.0006 °

400Gal % ¢ > B i H BB RIE B A0 95 0.0015~0.022 =+ 0 @ H AL i A 2
B B 4500 % 0] %) 5 -0.0008~0.001 - 4% r,}_m; Jodz K 5 0.0013~0.0019 5 3£
K R 4% 5-0.0002~-0.0008 » 3 E & B 45 1t 4 -0.0005~0.001 -

600Gal % ¢ » B0 H B8 RIE T =4 9 5 0.026~0.033 2% 0 @ HEE i A2
B B 4500 % 0] 5 5 -0.0002~0.0048 > 4 r,}_m; oz BB 5 0.026~0.027 0 A
K R g% 5 -0.0018~-0.0006 » 34 & B =45 1t % -0.0003~-0.0009 e

800Gal % ¢ » i H gL BRI A B =L 95 0049 24 > @ HRd o L2 K B e
e %) K5 0.0001~0.0005 5 At de 2 K B A0 5 0.049 0 A KA S
-0.0001~0.0004 » tx s 2 & ¥ =4 5 0.049 > 24 K & =4 5 -0.0033~0.0009 -

1000Gal % # » B iG H g BRI g B =41t 95 019 24 » @ & éi’—i"’“ri'e%“ 2 R B
e %) 5 5-0.0021~-0.025 0 R R 2 B R B S 019 24 0 A BB
5 -0.0027~-0.0047 » 3 E K B #5005 -0.0258~-0.022 -

W 10 & § 11 ~ = % 400Gal f= 800Gal 2 4 i 2| %[ B] o #-4f 1§ 2 755 % 12 4 e
FERArd 707 4v Casel #PHE LVDT &d4f § 2871 B - > £ 1000Gal LVDT
BRIFEEREE G 1 Bicd £4 0 e A3 740k > A 4 A3 & 600Gal FFE7 LVDT
e R2BRIVFE2BS LI DL o

TESARIR 46 2200 el (7 R IR - SRR 40 20 B R (i 4R
55 —= —_— —=
2 0.04
15 0035
1 | 0.03
E 0.5 E 00251
0 [l 1T e W Ty T Ly 0.02
05 0015
-1 0.01 m‘
1.5 0.005
! 1
2 . ol JW“M&M&E&M&.‘.ﬁ
o 10 20 30 40 50 60 70 80 8 10 12 14 20
Time (s) f (hz)

W 6 Casel A $i— # a 7] 400Gal ¥ & 4 2_ P B2 47 3% R

118



2019 B3 RaAeF g ¢ o F s 6 (D)
BR Rame g s Sab 0 2019/05/03

TSR UG SR e R 5 T Y S AR A5 8 P o R AR

at2

at2

0.8

0.6

0.4

0.2

mm
B 8 o 3 B 8 & 8
kS
mm
o - &
n
S
@

0 10 20 30 40 50 60 70 80 8 10 12 14 16 18 20

Time (s) f (hz)

W] 7 Casel A $i— H a ] 800Gal 3 & 4 2 f P B 2 41 3% W]

{7 A a3 B P i JEE N kst SRR S
5 |

s,

“o 10 20 30 40 50 60 70 80 10 12 14 16 18 20

Time (s) f(hz)

W 8 Casel — # LVDT 400Gal ¥ & # 2_ Ji F&F ] 22 47 3 )

mm

s o 9 ©° 9 9 o
s 2 B 28 B & 8 2
~n
-5
o
o

fir A% & 58 e PR3 7 Y

fir i &t 2R i g

0.8

0.6

0.4

0.2

8
mm
e

o - N
N 4
»
=]

£

0 10 20 30 40 50 60 70 80 8 10 12 14 16 18 20

Time (s) f(hz)

W 9 Casel — # LVDT 800Gal ¥ & # 2_Jfr FF ] £2 47 3% )

4 5 Casel BHEAL A - #a WAL ERASRELE

119



2019 Al B A g ¢ s R s A R £ (D)
B BT E Y 540 2019/05/03

200Gal BAfimm)| S|ECL) [B|EAHSHCLL)| 58 %HEmn) WACL) [B|EHHHRECLL
a9 0.94 -0.20 -17.42 0.10 0.09 1731.48
alo 0.73 -0.41 -36.07 0.09 0.08 1548.13
all 0.72 -0.42 -36.92 0.09 0.08 1548.15
al? 0.94 -0.19 -17.13 -0.28 -0.28 -5242.59
Mg d 0.73 -0.40 -35.58 0.01 0.00 48.15
LVDT 1.14 0.00 0.00 0.00 0.00 0.00
400Gal BAfimm)| |ECL [B|EASHCLL)| #4%#Hmn) MACL) [#|Ea HwCLL
a9 2.54 0.11 4.51 0.08 -0.04 -33.64
alo 247 0.03 1.27 0.17 0.05 40.94
all 1.94 -0.49 20.22 0.16 0.04 0.1
al2 2.57 0.14 5.67 0.08 -0.04 -33.64
M EiRET 2.24 -0.20 -8.15 0.12 0.00 -1.17
LVDT 243 0.00 0.00 0.12 0.00 0.00
600Gal BAfimm)| |ECL) [B|EaHw(CLL)| #&%%HEmn) MECL) [B|EaAHHECLL
a9 38.34 5.62 17.18 6.24 0.22 3.75
alo 35.15 244 7.45 5.61 -0.37 -6.16
all 12.54 -0.18 -0.54 5.61 -0.37 -6.16
al2 30.72 -1.99 -6.09 5.72 -0.26 -4.34
M i 31.62 -1.10 -3.36 5.83 -0.15 -2.48
LVDT .72 0.00 0.00 5.98 0.00 0.00
800Gal BAfimm)| |ECL) [B|E#AHHCLL)| #&&%HEmn) |ACL) [B|EAHHECLL
a9 57.86 0.64 1.12 17.07 0.24 1.43
alo 58.20 0.99 1.73 17.01 0.18 1.09
all 57.29 0.07 0.13 16.86 0.04 0.21
al? 58.25 1.03 1.80 17.70 0.88 5.21
HuadiaEd 57.67 0.45 0.79 1715 0.32 1.91
LVDT 57.22 0.00 0.00 16.83 0.00 0.00
1000Gal BAfimm)| #M|ECL) [B|Ed HHCLL)| #%&%HEmn MECL [#En HCLL)
a9 224 .44 242 -1.07 211.54 -3.74 1.74
alo 224.01 -2.85 -1.26 212.20 -3.08 -1.43
all 223.51 -3.35 -1.48 211.18 -4.10 -1.90
al2 224.55 2.32 -1.02 212.83 2.45 -1.14
MitidEES 223.68 -3.19 -1.40 212.04 -3.24 -1.50
LVDT 226.86 0.00 0.00 215.28 0.00 0.00

% 5Casel B AP - aRl T i
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200Gal % A ffi(mm}) L dokis. 304 REEBRINIVDT) | mEARESL
a? 0.94 0.0008 020 -0.0002
ald 0.73 00006 .41 00004
all 0.72 0.0006 0.42 -0.0004
all 004 0.0008 .19 L0002
A itieis g 073 0.0006 0.40 -0.0003
LYDT 0.73 0.0010 - -
Aok H it 126 0.0011 0.13 0.0001
400Gal & A fii (mm) | dokis. 1A BREEBREVMIVDT) | S EZE RS
ad 2.54 0.0022 0.11 0.0001
all 247 0.0021 0.03 0.0000
all 1.94 0.0017 .49 S0.0004
all 2.57 0.0022 0.14 0.0001
AdEEEY 224 0.0019 0.20 00002
LYDT 243 0.0021 - -
Aok B i 1.66 0.0023 023 0.0002
G00Gal i A (mm) A0k g ] BE(EREM-LVDT) | #EEMASLE
ad 38.34 0.0328 5.62 0.0048
ald 35.15 0.0300 244 0.0021
all 32.54 0.0278 .13 S0.0002
all 30.72 0.0263 -1.90 0.0017
AREEEY 31.62 0.0270 -1.10 S0.0002
LYDT 32.12 0.0280 - -
Aok B 3 20.64 0.0176 -12.07 -0.0103
800Gal B A 4fi (mm) M R4 e BEEREM-LVDT) | 32X 8 RSt
ad 37.86 0.0493 .64 0.0003
all 58.20 0.0497 0.99 0.0008
all 37.2¢ 0.04%0 0.07 0.0001
all 58.25 0.0498 1.03 0.0009
AtiEiEiE g 37167 0.0493 0.43 0.0004
LVDT 5722 0.0489 - -
Aok B it 42.67 0.0363 -14.35 -0.0124
1000Gal % A 4fi(mm}) ARt REERIMNIVDT) | mEENLSL
a¥ 22444 0.1913 242 L0021
all 224.01 0.1913 -2.85 -0.0024
all 223.51 0.1910 -3.33 0028
all 224.55 0.1919 -2.32 S0.0020
At itin s g 223.68 01912 -3.19 0027
LVDT 226.86 0.1939 - -
Aok B Tt 63.18 0.0340 -163.6% -0.1369
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