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Seismic Cyclic Loading Test of Full-Scale Reinforced

Concrete Columns Confined with 5-Spirals

Student : K. Y. Lin Adpvisor : Dr. C. C. Weng

Institute of Civil Engineering

National Chiao-Tung University

Abstract

Keywords: 5-spirals, rectangular RC column, cyclic loading test, spiral spacing, design

equation, seismic resistance, strength, ductility

This study has successfully carried out cyclic seismic load tests of four full-scale
rectangular reinforced concrete columns, which include three sets of 5-spiral RC columns and
one set of traditional rectangular hoop RC column. The 5-spiral cage is made of a big spiral at
the center with four small spirals at each corner interwoven together. The four small spirals not
only can provide confinement to the congrete at the four corners of the rectangular RC column
but also can provide effective lateral-confinement to the big spiral. Additionally, these small
spirals can also provide lateral support to the longitudinal bars at the corners.

The current ACI 318-08 code only regulates-the amount of single spiral required for the
circular RC column and has yet to come up with the design provision for the rectangular RC
column confined with 5-spirals. Therefore, this study derives a new set of design equation for
the required amount of 5-spirals based on ACI 318 code with spirally reinforced column. In
addition, this study also investigates the question whether the maximum clear spiral spacing for
the 5-spiral RC column can be allowed to exceed the 75 mm upper limit set by the ACI 318
code.

The test results indicated the cyclic loading hysteretic loops were capable of sustaining a
drift angle up to 5.496 radians for the 5-spiral RC columns even when the spacing of spirals
was relaxed up to 120 mm. In addition, the tests showed that plastic hinges at the bottom of the
S-spiral RC column had exercised outstanding ductility. Only the protective concrete cover in
the area had spalled off. The concrete confined inside the 5-spirals had generally remained in
good condition. Based on the excellent seismic performance of the 5-spiral columns, the test
results demonstrated the 5-spirals RC columns can be successfully used to break the limitation

of the maximum 75 mm clear spiral spacing set by the ACI 318 code.
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TR RCAET 2 475 K3 A RE & 324300 1(1) R wE
BREfRAdre 2 $E2nk (2) X3 T4 52 (3) FdfmashHar £ o

3301 X RBRREZ LR 2 FPERR

"'K/n\ s rﬂlb i_,}#%g F\ X ‘E_Eﬁ;{ 7—5;\%5,

k

W

a5 HA R e RIBA FE o BV - 3G o 4 FHMEE -

i
4

KA AT LR o AR FPEARY -
I

Bt 5 L AR e d sl R ER ERGe 0 Y PE K
Y 28 T SRR R
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ARG R I P01 A, RS T R R R e
SRR BR TR L S ERFT G AR oniE T > PIRES R
FEV MhenEA A Tl o )% 4 T e ) KT TR ¥ e 2 S BB R TR
T2 BURHCR > FE iR 2 A G s S L TR Rerslde P 4 U -

s

332 k3 ¥4 3£

A2 T4 5 B2 1295 ACE 318-08 % 11.2.1.2 &[5]2 R % > B

(B3 w3 Ak B2 ;IL’L‘E" i BT ol

1/6,:0.17( NQ] f'bd, (3-1)

g
BV, L PR RS ik 2 PR R
N, &2 m 3 phd (N

A stz 2 Ee fF (mm’)

£l s Rt 2 AR R (mm)
b, 5 23 %K R (mm);

d, %7 »xFk (mm) -

1945 ACI318-08 % 11472 &[S]2 %> § 4 $ FiE2 3> Ko™ ¢

Avfytde ( 3-2 )

S

V =

s
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_94./, 4.

N 33
gLt (3-3)
He Y R¥4 Bz ATk (N);

A 54 B2 RETE M (mm®) ;

S m B S 2 RglE RER (MPa) ;
d, 3 »xFk (mm);
5T A IR R

v

s 554 B2 e (mm) -

v

3.3.3 7 415 RC BB R $4R03R A5 ¢ E Bkzhiz

ACI 318-08[5] 14+ $ FIJRC it Br= sl fé 2 Bl 4 43 557 £ § 510> &
BHEIRCHFE R T 3 b 2 AP MRy FN 0 AFf 2 23FACT 318445
HMARCHA R F - W2 % A ¥ TR £ 50 B R TR e 5
R LA fi 5 BRI A o R e R TR

22104
CERE

FALRE A MURCIZ FA 50y BR o RAEARP RAET 7

T

0.85f (4, —4,)<C, f,4, (3-4)

#o L AmEY 2 BALPURG R
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A, 7 FRGE S 2
G apre i LHEAMA2 % AR ik
SR PR X ESRATERL RS RIRS

Pro Rt £ SRR ERZ Rle BURS f7 A R4eT 0 LH 3.

_ 24,1,

/i D, (3-5)

B9 Ay B 4a 55 2 o S 975 ff
S B G 85 2 R R 5
s5 B R Ja 552 RS
Dcf; i,?%ﬁfvéai]f]q‘\iji o

BN (3-5) RN (34) A AT

sD

c

! 2A t
OSiﬂ(Ag—Am)£(3(—ﬂ£Lj4% (3-6)

§JE SRR p 2 RET A 4eT 0 LRB2N A

TR PP R 2 WA iﬂﬁssq

B (3-7) R AR (3-6) B E I LT BTN
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pszg(é_ ]f_cl (3-8)

£ C=C,y 258 (3-8) % TACI318-08% 10.9.35[5]5410-9 » 2 2 3¢ (3-8)

Bfs® & om0 T 5N

LA ]
pszo.45(A— 1] (3-9)

ch vt
e Cpy s ACIRIPEHP SRS L HA A2 MR R ki -

EY BT L BTURCH  RIAN (34) TR AT N 0 o34 B35

0'85f;"(Ag = Ay~ A ) < Cl le A6 leAchZ (3-10)

Cl
¥ A, 5 EE AT & 2R R e

Ayp 3 TR LR GEL 5 A 40tk < LTI LR GED BTG 2

B 7k
fue e Ed £ A ME R AT ERZ Rl FIES
Jow s iR E 2P R gE R R T ERL R BURA -

Proipgd 24 PR R AT ERZ R FURA T AL AT

I =—;’g — (3-11)
24
Sy = (3-12)
sd
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Bl

¢ A

Splp—‘ielgfmaw’;fma ﬁi?f%,

BERE RN T

Soow TR i 55 2 ARAEE R R S

DiAijpzMti;

sE BB e
#(3-11) 22 (3-12) & > (3-10) > ¥ #7734

2Asplfyt 2Asp2f;/t

Ap 2G4, (3-13)

0.85f(,' (Ag - Achl - Ach2 ) < Cl sd

d J]Ef, SRR p 2 A TLA THETE R 32T

EE s ) S U 0 2 A _7DA, 44, (3.14)
FRE s b B4 2 P R G d A inws sD

sl

B EE s ] B35 55 2 4 _ 7wdA, 44,
P = T }1!}1] ;]f %j P = dp2 (3-15)
FEE s N bR e 2 P R G WA Z”dzs s

BL 25 (3-13)~(3-14) 2 (3-15) 7w T 54

' C C
0.85f. (Ag — Ay~ AchZ) puf}: e T pszf}: ch2 (3-16)

- S L e 2L S e TR B e B 2 TR RS LR R

Pl BB p 2 p B F 2 hol o, BN 25 (3-16) 0 ET A (3-16)
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T H 4T

' G
085f; (Ag_Achl AchZ) 2 pv mm-fyt (Achl+Ach2) (3-17)
XAy = At A, 0 Tl (3-17) - iR TS

0.851 (4, - 4,)< ¢

jps,minf;)t (Ach) (3_18>

£ C=C,, 1 23%(3-18 )% T ACI 318-08 % 10.9.34°[5]5410-9 > #x 2> 54 (3-18)

BT Ao AT

A '

ch vt

Flpt oo AT IR s}rﬂaRC%w @A PR RGRG R BT e 2 H
PRF o 250 (3-19) 7 i 3 Phaw SRR v py 0 FIY 0 ALY o) U A

%:t L psmmé,\ u2kE A igl;fma g7 iﬁl;}@ z «‘]L:\FE'P,&ESIL;":’SZ y Jo T AR

44

5= —" (3-20)
ps,minD
44,

P (3-21)
Ios,mind

EHREL LT FH AR L B TR R QT R

EA R FRERC] F KR o Bt TR 2§ KR EES W07 AT

=min(s,, s,) (3-22)

SS -spirals
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W 350 4140 54 A

?kt
-
(\x
/H}
T
0%

\_
Qg
g
5
.,
e
m

ji N ?F(%gfi v (pS)5-spirals L

L B3.3%7rm -

F’&‘&E SS spiralsP\ = ’J‘ i‘ﬁl %ﬁwi ’Egﬁ—g’ ‘1:?

S : (3-23)
(p )5 spirals ¥ BE s, Splmlsp\ E,l.;’fmé hERATIR R 2 e IR GRS M AR
o (323) AT AT L
7DA,, +4(7dA,, )
(pv )5 Splrals A - ( 3-24 )

ch SS—spirals
Jﬁl%ﬁ WE R e iR AR T?p\:' MTE S LRSS

(1) tep,,=min(p,, pEtE T8 W5 B4 fa 553535 % 248 % ACI
318-08[5147 §i 5% Mk sl 2 A58 WL T ) AAE S p, 0 ¢

(2) #$I PHRCILLF Rfishemk 5/ 7 % ~ [ WRELF ik
2 BRE; % ) B B R BRI R 0 B K g SRR L ]
o T2 B ROR T R T e PRI D K AT
Bt o £ %o d AT R B RS SRR TR 4

o S K § 0] AR ST -

3.3.4 _ﬁ_ 4’%‘7‘:‘; ‘:‘;‘L Ié 2 {EK 7 /JI‘-%E-

AR E BRI 2 W MRE TP > T MR ARR L R

4o 3.6 #7oT e

[¢ fwif i£] : RC %6 ¢ < &2 fr

RC 13 #75 f A5 iR 582 BALFURSE R[5 J5 9 IRALE R R £, -
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[HFp-] & Pl 2 BIRE S8 470 f#
(1) *P@EKEE:D
(2) PR Ed

(3) « B ja%a 0 A
(4) ] 1585 4 ¢ Ay
[H3= 105 T B RERE LA A,
TIFEEWE LR A, 0 AoF 35 A o
[ 3= 35 b T SSRAR Y poin
‘%W"2045(§i‘4Jl% (3-25)

[h ] 3-8 AR g | M2 i 6 T e

44

R s = W}) (3-26)
ps,min
44

[ R s, = (3-27)
ps,min

[5'5 5}?3 ] . ‘}\%’F"I i,‘? ;/fli RC ‘%lﬁx 'J ?n ‘}\F'B&&E' S5-spirals

s

:} I J}Iﬁ\:}k‘b SR EE- R PV RS

<l
aq*
&
[}
(\x
el
3
1=
Fs+
L“-

T AHFe e < PRS2 F RS RiBTR -

SS—spirals:min(Sl ’ SZ) (3'28)

g baf AR e DEJRRE ) REHREH Y ACIE 318-08 4[5 %
21.64 S $F7) RC L2 436 83352 32 > X ]Ik 5 B sl 2 1% 4
oo AR HE T KRR ﬁ&ﬁﬂ\r&+aJi 7 %40 [ & e 5 EE >
Frz 5 B E P EG e T R R LT AR ART S

B (5~ BIRE B AUD) E G s 2R o
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p2 -

PLbs AT R RN e iRd AT ) BA T TR T T LR R R
5%’%ﬁﬂirﬁ%“¥“¢J?ﬁﬁﬁé%@ﬁﬁ%\¢ﬁﬁﬁﬁ%%§é
Fld 2 Bt TREDFREA RT3 Tl edg Rz bl ©0
BESr ErpRi &g o A fg T2 R R LR A ek

ZERES 2B @R G 1 < P R R B SR STy e 0 T
%
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frd 7WMFRCEF AL
41 ERABER

TERPE D EEERT WH LG LE R AR 204 [418] T 0 A
gl e RCALBARDFUR N 4 2 ff Ra 4 hA#H L PRI G FIERA
ACI 318-08 % 7.10.4.3 &[5]* gﬁlf?:/if"’ﬁf"l 74375 mm et L R
gfFr e 24 RCHFRPERF > FRERY 28T 8145 RCALA RER 4

A p
A~ T

1"““

RE FEEEHBEFE o

A

A REAEEER CHHER S K S AR RCH F AT E 2% Ao
139057 » H? ¢ 32z wpe § AT3)7 41452 467 RC 1.2 - e § B Ag fi2 &
25 RC 417 5 41 P8 2 RC 42 270 a5 600%600 mm: 118 # 5 3250 mm >
Mo 2 AR AL R 343 MPa 2 F A5 BOR GRS o R REL - ¥re )50
2GR SRR S % B o drd 41 ¥ RN P SR LA B4R Y Y B EE 2 RH
BEEY N T SRR A LT Y R e b T 1 D3 g
T9§e RC#48 » mild o283 752 120 PIA A AR F2 @R pE 2
iz mm; #Mm2 8o 2 T 240 FE S 4Bl 41 977 o 23 2 RC
B E T8y d AA TRV I g 2 REPERE 28 B ARG
RS LRI AINR00mm N 2 F A R RIR S EHL 2R BTG

4Bl 4.2 2 B 4.3 17 5 w2 4k e B IRACB 4.4 St o

7415 RC M2 L 8 A fi 5 ol s AR R R 16 2 i e R
ANFB 5 40 % Bl 43 577 ok SR 2 i X A u| AR A K G B 42 100 mm
¥t A 85 2 Ji B ARREE %3 (Strain Gages) > 4o @] 4.5 7m0 B R R4 H D
B2 5N ERE BB P 2 RPERF R b A EEHT R 200 mm

400 mm % 600 mm B 7p 23345 > 12 1] F B o % K = # 3+ ( Displacement Transducer )
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ERTTRRA 4o ($EE S A) 20 F o B 4.6 2 B Y 44 977 ;5 g eh o Bk
ORI TR Y 2 4 SR R YR TA F TRk o i S%s SR ASTM
A370-08a[20] 41 L sd B 2 R T A BB (T4 SRV 5 o R E R RINA 0 AR
R PRI 150x300 mm 2 AR RS FHLEM T TR % F X £ R ASTM
CIOM21]iR R 2 HF 2% R T 7 H R 3% » AP 2 R F Rl5 R 4o

42 #7% o

42 BRRA

AT 2 RCEHBHMAESF RIS P2 PIEIFEREFTELZ ,g

A-

Ll 44 s > 3 %
RELEFIATHRE Ak

Kil™

) &

A % i 7ol RS o RC e

ERRe P EE L ER RS 2B ES S e o MR feE 2 o Rl 4.8

(1) B4 Jedo: Aapghde* — A MTS 1 g2 # {4 B+ 2# B (Static
Actuator) k¥ 4r kTl 4 > HEL %4 L 980AN » B & K 4R (T4
L4200 mm o ZEZL B4 xR pF > F ABER L 100 mm 2 4k B AE FH 2
WEA YRR RE A REF - FEOHEREL S Y - R
FETRZHFAE RS L AP BRRPBRBRFRTI R
P4 kB2 2K e

(2) #h# ki REghdh4 % oo fptefiphd 2 A TR ARG RS ETER
LRI E bl B

(a) $h4 + T7F D% S L BF TE > A e 4 TR E
RC{rif 8 T iE 2 fhe B4 o

(b) Hr/det K i&#itighhd 2 R4 fipm d Uil ik
Fom AR e PRI R P R AR L &%%ﬁ FRRZ A T frm

FEE o U Gt U A S ERP TS LR S e A

'?111
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(c) HERF  HERELZ- HAM &0k Lk it TEh
BET R
(d) $h4 1045 (4% 3 03 [S39mm2 354 hts T led A L LR 4
FAMBENIRESEA S LB AR TE R RS
AR @R ghd £ TR B B4 LML o
(3) %4 HFHr i B i BHEERIOMMNE - FAF 4 45 F 4 44
B 125m> B 13.0m> ke B SHETHRLZT %4 B
BE A A BRI B F fhe b L 1000 mm F G B /S 76 mm
T H NI T FIGE MR BB LY o
(4) =2 9% FRAEELENS 19.6AN 49kN 2 196 kN 2 % & >

IR E
4.3 P#BH& =
ABRHNR U AT AGETRT LG 0 FHRARY AT

(1) #2RAH» 564 PFRFITHA 2> FILF I 450 kN e3g 4 o

(2) #FMP-2%E HEE L REHARKL K- IR w4 0.1fc'Ag
234 R RC R E 2 BRE 0

(3) & w]# k%3 (Strain Gage) % 4% 3+ ( Displacement Transducer ) i
IR 5 THRER :ﬁ@ﬂﬁli Tt kdk o

(4) FI* B3 F 4 45 ch MTS b B3 d B3 RC 2w 4c F 4 (7% 4
MR RC Ap 6% 2 kT8 B4 0 4o R i42 2B FEMA 356[22]

% ACI 374.1-05[23] » 4% * =4 ¥4 (Displacement Control ) » *+# —

\F‘b

R B EF RS = v (Cycle) » 4o 2 fEfzdcB 4.9 2 £ 43
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AT o
(5) % RC {2 ple i d T % 1 854 s A2 70% @ &84

2 BB 5200 R PF - T 5% o

AR TR R B A EIE 4 PR 2 B T TR % 4 3f 4 S RCHLEM
Fo T A L RG EIN TR F R T e P B AR A e b BER T
AT R phd (T 0 e L R AUPFR T b e R D § e 2
o 3 E A 4 R ensR R 7 T 2 X $4 sl (Secondary Moment ) 0 4] 4.10
AT e Tt R T RRE BATE L RIe 2B G O phd (TF S on gl
BAZ - HE Qo FH s P AL KTALERsing L A

Pcos@ » RIF 3 Edh4 vrig 2 - A EM, 40T

M, , =P cosOx35 —P sin@xL, (4-1)

He § 54782 i
Lpi 78 5l & 2 FEa

L 3 ¥4 8E3] 41 K 20 JEERE o

P ARE D X FEM, , 0 d P-ATEATE S E e 4 P, G
M
PP—A:% (4-2)

#< RC 47 e Bl 4 (Pt ¥ 35 B 40T

(P)oy =P+ P, (4-3)

HY Ppad RRO B4 2 e 4 o
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Ft o Y oS A HHETR L 8 RCH ATV i S48 5 BRIP4 (Phes

Fors fp] 4 ¥ de BEI| 4 K PERARE L o

44 HBPEBS

AR AR T R AT o
4.4.1 #1 Y1-75

BiEERAY o WM K TR L 05:E0.5% 9 R BF > BB K200 mmih
TR Fed W EEFR T R AR e 0 HMEB Y SR T e 2 Fed H
Mo T EPNHME R FE%RID O 51.0%RPF o TRR Yo Btk G SR 4
AFER PREBLED o BRI OEISWARPE  fLd G d 2w gk T 3
WA TA5SR 2 T A Bl BT 0 520% R HAEAH#HI R G B
hed AL > A AT 2 PR AT EEBH X Bk 0 53.0%5% R 1

R AAIT o > B g 2 B MM > 200 K M R S BAe A 2 Al e

iR A > RR R4 054000 RFF > £E HETRM L - LR RK
dOGER TR BRERBHOTAE L > HETRFE o~ o Rrendly B @0
Ad %I O Z50%ARPE LR FERP BENE2EA -

AEFHIRCHLZ B R & ES5 TR PFRI R P 458 B T 4.65 T
R R & FIE4.0%58 R E5 TR PF2 ) o Bk R PF > FERL R 300
mmE RN 2R F PR e ARCIEE T WAL RES AR

B B ORI SRR 2T 0 Ao F AT o
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4.4.2 #4 Y2-120

BEERAY o F R E TR L 070595 R P BB X200 mmih
MR W EF AR AR HEER 2 SR T 2 e
Mo T HEY LI E o F%RI 05 1L0%REFE - TRk TR B 0K S a8 R e
AR YPAFBRAL o F%I0LG20%FARF > REEAHFIT 0 B4
FHEARL PR A S L Hdo A e d 2wk Ty AW 1458 2 F
A R 2 Hed HME R RGBS o R0 3.0%M AR AR A

Ao Bhed 2 L3 A PR E SRRt B g 2 a e

LRHEAY > RFTREOZ40%mARFF > 28 HET R~ > LR
PR PR BRERBHOTAE 2 DT RIFN e~ o Rrended e @
A2 o3RRI 0 550%M Ry LiEEAS R FApT T 5 0 b2 [

S

ARt RCHL2 K B AL SAOAE b o B Y 48 BT/ 7 49 B
SRR R & TIiE 4.0065% 8 27 SA0G5RR P2 ) o sk L P BERLA Y
300 mm fEBP 2 R 5E3 4 P A PR AP RN 2l 5 R

25 e AR R L RS 0 RAE R o Y 410 “ .

4.4.3 #% Y3-120

BE%A D 0 F R TR L 03E05% AR P FEYLA200 mmiH
TN W SEFR R R e HEEHR D S SR T e 2 el A
o T EV PR T o BRI 0 1.0%N R TR ETR B b R S a5 R 4
AR PPRELLAED BRI O L20% A HAEAHL G B4

FHEAL Y BAAL LE Ao A e d 2 Bk T R ¥ 2458 2 F
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PR A R 2 e BT R R S o %D 0 53.0%RAEF o LR
ARG B A 2 £ A Pt B ARG B A 2 A4

BB AY R REL O L4000 RRE 0 L8 HET AR 0 LARR
2R P RERBA L E 2 NAET R G o Frenged Hde @
é_,‘ pé%_‘l_ 6 ?50/5‘\}2% ’h l,fl'—‘zﬁﬁ] jf;—:f]%g_jﬂ —ﬁ ﬂ{ﬁﬂ&’ﬂ}%y\[ﬁ

S

ARSHRCHEZ B B R A E5200 R PRI R P4 112 B 24128 7 32
MR R R &3 240% R E5205FR P27 - FE LM JEILA Y
300mmde RN 22582 § P AT PR TR AP RN 24 a5 g OB 2

250t A BT R 2R R R de R P 4134 o

4.4.4 #%2 RH-120

BE%A D 0§ R AW EOPNE05% A FF o BB A 200 mmiH
S Ha o EER TR AN R b e LK T e 2 g 4
Mo X REPNEHET - FRIOS1.0%F R B R a SR A
R MBI A Y A G D 2wk TR e ¥ 2452 T 4 B
PRI O G20%F  AEAARLTF G BAG NEAS Y R dd 28 N

b

B2 HEdW BT R EH X o E% I 0 53000 R A AHLR

=1

BipAd 2 28 i 2 MR & B AGR RS BARA 4 R4

AR AW R TR L O L4097 AP A SFLRS BAAE S HA
Bj st 2 BSS A 2 %y Bl A2 MRS X A R ARBLTE %L 0

S5.0%5RPF > LS B E R {5 E TS Faup R o
AR RCALZ B i & 5205 R R > fd S At g g
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Bgd 2 FaFA S e R 2Md o R4 ST AL ES65%% 0 SRR
TR EM OB, o RE 41458 2 415 o ROtk T 8 7 4.0
%05% R &1 52905 B P2 177 o FSR g APF 0 BEHLA X 600 mm g R 2R 582
P EELE iﬂ}s}mu“rl?] AR 2403 855 A2 ) f&ﬂ'ﬂﬂffﬁv’f%@ Q)

SR R AR Y 416 ST o
4.5 %t

45.1 M2 P E-2HBF i H

=k

FALEERT 7o BB BpaE L5 RP-AEFUS L
- (- #% & 7% v B B] (Hysteretic Loop ) e = e ;@42 § & -1 45 & /F & B R > 4-Fl4.11
3414405 o d 7 AT = el T 4Rde2 RCH - H B Blidp  4rin 0
B B4 A u T PE5.200 ~5496% 5T%NE s RIOE P BT EARS 0 ¥ A
Wiyt 2 2R R Y B AR ML ROETR A A7 § 2 T MFRCILE & 24

ehdt & 22 ) &t (Energy Dissipation’): 22 °

Y- G o0 d B 411 2 W 414 AT FRT 4 RC E g P LSk
(Pinching Effect) » # & F] &3t 7 41 §i RC @S 427 Rt B A # R R Y
Wi 2 AR A2 2R 7R BAR FEVIEE A WP & RCHERRE T4
Fudb xR T Rl 4 0 HE A B4eT DR Y175 5 521 AN A Y2-120 5 498

kN ; 348 Y3-120 5 494 kN ; :#%8 RH-120 5 436 kN -
APy 2P -t AFe Bl %5 (Envelope )’ 4B 4.15 #7577 o

B 416 57 fEt e R L S FEEA S 75 mm (Y1-75) & 120 mm
(Y2-120) T~z &%z B & 24 (Envelope) ' #2@ - d B ¥ L% 12848 Y1-75

ZHRE B R FEE R Y2-120 F 5 FEAE Y2-120 2Rk AT
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2 ABE 0 AR RFIEL N BAAE L

B 4.17 % &#BPE@EL;}‘% SEFEET o g * T iﬁlﬁfﬁvéﬁﬂ?ﬁ (Y2-120) ﬁ@.&‘uﬁ%;’f‘%
A (RH-120) Tz & Fw Ble L4 KB - Jd B7 BRI 34 Y2-120 2.
BB A Re B8 Eirt= o ¢ 3302 MRH-120 § & FF% =4 5 4.0%5%

BPF > RH-120 2 3¢ B 1 3 B2 7 %% 5 Apf2 ™ > Y2-120 H g & (v @453 B 4% o

B 4.18 5 4447 4% ;Imapéo‘?f' Y2-120 £ 48 Y3-120 2+ ~ ~i%§ﬁi=i ER I RL
NHA PSS T 2 B B RH R o d B P A 0 R Y3-120 2 A
FOY21200 A REFES G A FEARFFLAR T AN G

ZABE T AR OENEM BRI BT EFENLE
452 FHE LI R

LM N R AP E- B BRI E B 2 G e AR -
Bt f i 38 50 4cMAI0L WA v 5 - EEFR =2 8%

R AR w2 B BATRI S S e e

B4.235 FHYL-752 FWY2-120 2 B AP da £ 4c2 v o d |7
FILA EM AL (B RS e10%%E ) 25 » &M i £ 4D

—

EMFAR Y REREES1597 R 15095 R > Y175 ei & 4Tl &
AOTEHMY2-120 0 4 A i R AUR RS R R T B ERCIL A DR L i 8

H*

[

TP S RALRA R kP AP -

B4.245 FHY2-1202 EMRH-120 2 & &k BP9 & i £ ) 4z vt foeod B ¥
FRERS FHAARR L5300 %RE2Zw o s il aky L
BE AR R E:240%35.0%05% B FF > RHY2-120 e B ) 40 P OAE S 0

FRH-120 % A B R = £ :25.0%5% R 7 > d T FMRH-120%7K % 2 e 7 £ %
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3 80% i) e 4R P Uje £ T o gt o AT eae B E F Y 2-1204p 8T F OB ¥ R

A AR E R TRk D 400 R R 25.0% AT > 0 B R o

AR VORI ENY2-1204% 2 45.8% 0 @ FHRH-120#% 2 15.6% -

R14.25 5 :#8Y2-1202 200 Y3-120 2 2 & B8 = & it £ 422 v - B¢ &
B) Wi amELiRE  dARRE

2 15% 350%™ R PFF > FEHY3-120% 2 B B R b 250 & 9 F0 % vd < 2R

o A R (R R £1.0%7
Y2-120 3 F1ot > d A EMA B AT B R T Ak T o » #4458 T
PERCFEH AR TP fralpFahi -

B426 5 A5 o ek MR id 50%RAET > Lk FRe i

FRERAe2 L@l o d Bl° B T 4346 RCHSEF B A 507 £ s 4o 0 R0

WOFRTREZ A 4 5 v R T S14RC g @ B i RC 4 (Y2-120 £ RH-120)
Hif a3 £ 2 00 T 04 RC it @S 40 RC AL = 16963 i % £ 1ot 7h
d@ﬁﬁ?%ﬁ’i%‘¢ﬁﬁiﬁﬁﬁ§#4ﬁyﬁ,%%IﬁﬁRCﬁiw
RFEFIREFALAR -

453 FHd F Lo TR R

A 2 Rl s ER AR i e 2 RS R BEAHS B A
200 mm ~ 400 mm % 600 mm Jez. = % =43+ (Displacement Transducer) - 4]

4.6 2 BB 44 41T 0 BERTITBPR 2 AT 0 do T T
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241 R 2 RAAY] A

Design | Spiral/Hoop Bar Actual )
) Spiral/Hoop
Column Specimen Spacing Size Spiral/Hoop ]
Weight
Cross-Section | Designation s Big Small | Volume Ratio (Nm)
m
(mm) Spiral | Spiral o, (%)
Y1-75 75 #4 #3 1.77 386
Y2-120 120 #5 #3 1.46 319
Y3-120 120 #5 #3 1.46 319
RH-120 120 #4 1.87 421

Note : (1) Total number of RC column cyclic test specimens + 4
(2) RC column dimensions *Height : 3550 mm ;= Cross-section : 600x600 mm
RC foundation size :  2500x1800X7507m
Full height of the specimen including RC foundation : 4300 mm
Top portion of RC column is enlarged to 600x600x900 mm to connect the MTS actuator .
(3) Diameter of Spirals : Big spiral = 540 mm ; Small spiral = 180 mm
(4) Longitudinal bar in RC column : 16 #8 (D25); p,=2.25% ; SD420 ; f,=412 MPa
Supplementary longitudinal bar : 4#4 (DI13): SD420: f,=412 MPa
(5) Spiral : #3 (D10) ~ #4 (D13) ~ #5 (D16) ; SD420 ; f,, =412 MPa

(6) Concrete : Normal weight concrete ; Design compressive strength f.' = 34.3 MPa
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%42 *FEF 2 FEMARLR R 353

2

¥:1

Yield Stress Tensile Strength
Material Size
(MPa) (MPa)
#3 (DI10) 467 644
#4 (D13) 451 645
Reinforcement|
#5 (D16) 462 686
#38 (D25) 493 696
1 (MPa)
Concrete
37.0

Note : (1) Mechanical properties of reinforcement were determined according to ASTM A370-08a.

(2) Mechanical properties of concrete were determined according to ASTM C39M.

(3) Longitudinal bar in RC column : 16 #8 (D25 ) p,=2.25% : SD420 ; f, =412 MPa
Supplementary longitudinal bar_: 4#4 (D13:,) ; SD420 ; f,=412 MPa

(4) Spiral : #3 (D10) ~ #4 (D13) ~ #5:(D16).; SD420 ; f,, = 412 MPa

(5) Concrete : Normal weight.concrete 3 Design compressive strength f,'= 34.3 MPa
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243 BHF AP PR

(I?)/?ftr iirzille) D1s;(>l:;c:1;1ent Number of Cycle
0.20 6.5 3
0.25 8.1 3
0.35 114 3
0.50 16.3 3
0.75 24.4 3
1.00 325 3
1.50 48.8 3
2.00 65.0 3
3.00 97.5 3
4.00 130.0 3
5.00 162.5 3
5.70 182:0 3

Note : Actuator load rate = 2.08 mm/sec
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%44 A7 RCEFHZ SRR BRI 4 21 ik

. P, Py b, (Ph)test (Mn) RC (Mn)test Drift Angle
Column Specimen (M),
. o (kN) | (kN) | (kN) | (kN) | (kN-m) | (kN-m) | ‘G o
Cross-Section| Designation n)re 0

M6 1@ | 6 (6) (% rad)

Y1-75 1236 509 12 521 1215 1693 1.39 5.7

Y2-120 1236 486 12 498 1215 1618 1.33 54

Y3-120 1236 482 12 494 1215 1605 1.32 5.2

RH-120 1236 436 12 448 1220 1456 1.19 52

Note : (1) P, is the fixed axial load applied to th¢.column, P, = 0.1 £"4,

(2) Pyis the recorded maximum lateral load appliedto the column by the MTS actuator.

(3) P,_, is the lateral load caused by the P- A effect.

(4) (Pp)ies is the total lateral load applied to the column including the P- A effect;

(4) = (2) + (3).

(5) (M,)rcis the moment capacity the column subjected to the axial load P, and the lateral load P, calculated

according to ACI 318-08 Code.

(6) (M) 1s the total bending moment applied to the column including the P- A effect. The value of

(M.,)es:1s equal to the product of (P}),.s, and the distance between the loading point of the lateral

force and the RC column base.
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(4R A5 e © 2.25%)
149
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149
g 79
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(d=180 > SD420)
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Unit : mm
(a)iiddl Y 1-75
L 600 |
! |
‘= 3() 30
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(A= X 4 > SD420) 29
(4R A5 L 2.25%)
149
#5 (B J6 A)
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3 79
#3 (SR 4 7h)
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Unit : mm

(b) 42 Y2-120

Fl4.1 #5757 S HRCUFM 2 456 B
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