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Effect of arrangements of rebars on seismic behavior of RC columns reinforced by
high-strength rebars having low-bond-strength
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LITIRBAT 2/ NS IR D TIE LT BIEERZ 7R U, TN b RS ZRIE T3 - 72 39,

AWFFETIE, FAAETREEOIRY V@R & LA OIS FRF 2 521 % RCAEDIRIEAEN KT, TR OB
TAROEEH LN D 2 Lz AL LT 5. AKERGFUIEFTH ORI TH DAL REETMHIIZ /A U 5 FIROOE
N 572012, EFfO—Fe X BEH L 5. e X BT 5 2 & T, AR &AM O FEREskm & 5 L
BLOGIREA L 5 LAEEE SN D720, HEPRTEFHOTD IEDREH U DM 72 <, AR IRIEREER THRIAEMAME
o MRS TR A FIR L2 < & O LE LIDEIEMER A T 5. £, T OMBR LIS T 2BE T
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(1) FERMABE

HEMAO—E 23112, REAER L OW A X1 1R, BB TS @i o T B O 2R L7- 1/3 #E
INET AV OWFRINT &5 D RC FE 4 8T, B RIS A Y 7 %&£ 250mm OIEEWE T AW A St 2 O RC
FETh5.

a7 ) — MOIRATEE AONmm> DLF 4 —3I 7 A har 7 U— el Lz, HEMORIRENE 20mm T, fF
LAY MEMERL T R AL FTHD. FEERIEFAIGO AR 2361 1R T

FERITIE, BUASFERIREE 1275N/mm?® O SRS, (SBPDN1275/1420) A IV /=, AFREAL 12.6mm (FFOY U12.6)
Db D Z W ERIZIR > TR 12 ARLE L, TR 24% TH 5. REARE, 231 RO T L= 572
TESRARC, % ORI & SO TR AE MR EE T 5. BT R0 ZEURT L, I P EEOHTIE I
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. 0.85 | #M%&
DC-2DXT 0.5 X (2D) 43| pLas 357 4.99
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Ul12.6* SBPDN1275/1420 215 1377 0.84 1463 9.9
D6 SD295A 191 384 0.22 510 28.3
PL4.5 SS400 208 376 0.20 462 38.2

*1302%A4 7% v M2 L0 BRI e

G, LBk & Uiz, BNl =R OIS FERESCTH Y, | IRIIHEROERROESR & L, MRS S FEREO
FERREE LTIz, 550 3T X R E L, 2 3R E 2D (D ) KiE X, 1 I TR Z 7 E/7
BB LE 4D K& XL Uiz, WTNORBRIK S BEHTRICIE, B8k D6 (SD295A) % 30mm [l CHEAR L7z
M, FERYEF AT » 7T — LTI £ 0 BT 2 B CE 2o 7o 72, BRSNS 130mm fLEEZE
W%, 2D X E X JBEL & L7akBRig, 310 i BRAARIEN A, & LC, HREIRAT & [RIEkD D6 % 1Bl ClidE
LTW5. £/, #RBREDC2DXT 1L, & BICHAMBAIE S 4.5mm O ZHT 0 thiF 7= & 0% 2 Ml dTafiRL
hCEEA LIS L7z, SipiifsRi, =27 U— by & deicfrpliio a7 ) — S oEEREZ HiE LTED,
iR it s L O X B E G A EEEFAH SR, 2O iR SN A Y T ORICIE 6mm BEED S ) T T
VAERT NS, K2 A LTS O ) R 2 g

(2) Efird L WBRIESZE
2 AR AT, 1000kN JHE S ¥ » & Tl Ak

0.33 & 72 BHl/1% 1%, SO0KN JHIE 2+ » % (1 L : S00KN, <LBEMREH, —
31% : 300kN) % 2 B LT IERUSER Y i Lk 21T 1 L1
. AL R <D L, 575 %ﬁ N -
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NEPRIEC 2 142, Fk 4 0.025, 0.03, 0.035,0.04 & 0.05rad. ‘@
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X3 |25 A DC-N, DC-2DX 33 XU DC-4DX OBERINOEEZ, BRI DC2DXT Ofifii& T IS 2 H 0 44 L
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1 7107 BEEIUN / =
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=) i 7 N BNA nEp: gre F X
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il ) 11 X0 13 1 L{
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(a) DC-N (b) DC-2DX (c) DC-4DX (d) DC-2DXT

X-3 #EEIKR

EDOHEM 24T Uiz, (K DC2DXT IIATEDHEHM 24 T LThH, MK IR, iBIL Tl
R=+0.08rad. & CHHR Y Hefaf 21T\, M R=+0.075rad. TMH/MK T Likd D 2 L 2R Lic. #ifrsg, SE2mosL,
HEERRAEHR LIZE 2 A, 2250 a7 ) — hOREFET2L, OUENBIEFI Dz bt vz, HiERk
FOREIERA > B AWTOUEIN A L TN D Z L SR SIS, Z O AMTOUEIRN 1 HFIAZOARFEL TND Z
END, ZOUOVERULBNEMRIZA Tz b o L b s.

(2) KFEH B FERIR

(-4 |ZSEBR TG DAV AT — 3 A Bk 2, (XI5 (2K ) — ERkA 44 BIFR D TS RR D Ll 273, [4-4 DT P-6
BRI LD AT SO T 2773, R=0.015tad. O#ifi 4 7 VE Tl BBRARICRE 283 6T, Wit b RRds
PEDIEEREE AR Lz, LorL7aash, 3RBRIK DC-N 13X R=0.015rad. THRAIMINIEEL, ZOEEM A DHRITL L K
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£ 100 / ) Z 100 2>
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400 ! ! ! 400 ! ! !
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~ 200 75 ~ 200 7%
é 100 2 é 100
§ i S S N C— § R St i S
g -100 7 g -100
3 200 |- LA 3 2200 7
TR JEAE VaRvr 2 24
-300 O smoosingss || 300 <
-400 A N B . -400
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400 2.0 ‘ :
T - P

300 5 3§ || -mooN /A
Z 200 o = 16 [-| -A-DC-2DX /
= W " / )
5 l/ - $ ~O—DC-4DX /
£ 100 S 12 || ~@-DC-2DXT :
= = A Pad
s ) E
5 -100 / o [ e
— - = &
-200 = DC4DX | E -
T PLAbA L =]
2300 |t DC-2DXT |- 'z
i H H H m
400 i i i i
6 5 4 3 210 1 2 3 4 56 4 5 6
Drift angle (><0.01rad.) Drift angle (X 0.01rad.)
-5 JKFH—EBMAERDTIEIRDLE -6 FXEERHMADLLE

THOPRE URTF L=, ZAUL, #B8A R=0.01rad |23\ VTHRA LA R ES T OBEOOERUC L v, FEdk
B COTEFHOEZDONEMET LIz ThH 5. #BR{IA DC-2DX 8L DC4DX 1%, —H#DOEM%Z X Bl L LTnD
720, BEOOERNIEAES L RERMME T2 L TELT, X JERMICL Y, FEAREs 2% IR AR &
WD ENHEE. LosL, MREERRO PR ER ST R=0.02rad (B OOEN A L TR Y, SCHR 3)D A EF bR
KRTHRBENDIMIDN ER- Uil T 2 EREMEIRIIRED B ino7=. —, 3K DC2DXT 1%, fi&VA 7 V£ Ttk
F- Ut Do 2 il 278 Uiz, B REsomE L HE 0 Lot (K-3(d) , Sz L o b seEssisio
HENIMZ BN, TURBOEMHIZIBTH KETERFE CHHP IR COEFHOEE DRI O & Bbis.

(-6 | ZAREMROFA T R OHEREZRT. 8 R=0.01rad. £ CIHIERBRARB OZITIZT & A L7200, HEBRIK
DC-N i R=0.015rad. LARE CHHIYLE T O O ER DEIRNKOIIED T2 1280, R BEIL TS, R ER{A DC-2DX
BLODCADXIZEBWTH, #5544 R=0.03rad. ) HIEIN LIAD TRV, BEBO T/ O E S IO B D% 5 T hhsd T
LD LA, F17, R=0.025rad. LA THRERA DC-2DX D 2R A DC-ADX L W IREATENKRE < I oT=DiE, 3
BR{A DC-2DX 123\ CHEFER X ORI S 1D OB CEMZITY iF TR Y, TORET, FNEONSY 27 J—

R L ENAIE THREEZ 2T 72720 £ B 2 HiLs. S BRIKDC2DXT (3R AT 2/ NS <z felS, #4444 R=0.04rad.
WZEBUNT B IRETHM 8 A R A O 17% R 2 TV 5.

0.8 — 0.8
0.6 |- DC-N : — 0.6
04l L 04
z — SR
S 02— : i S 02 N\
TR F 4t £ AN
§ 0.0 — 25mm | § 0.0 Hp- k) a :
,,,,,, : P25mm-qf b
ZIY) R I | =
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Drift angle (><0.01rad.) Drift angle (><0.01rad.)
0.8 e N — T &0~—— 0.8 ——
T P PR g
0.6 M i ; 3 3 : b P 25mmg |- 0.6
= 04 R o A =~ 04
S ol NN 75
X ] IS . X
= Bliagisu s ‘ =
g 0.0 EZSmm« N 7 g 0.0
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0al L2 TR | 0
S B S . ~
-0.6 ‘ ‘ -0.6
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(3) EFHUVTH

-7 1ZERBIRD ERHOT HOBREZ 7R3, FEES 2 WIEHEEN D S 25mm QWA E I ZFS T BB O EfH OO
36 L OV D OO I & DORRZ R LTS, ERFOBIROT AT 0.84% T H DI LT, FEERTHHIIL
T2 ERHOT IR T 0.7%FRETH Y, WITIOERG B Lih o7z, BBk DC-N IR & o EfEs, ik
8 R=0.015~0.02rad. THIRMAIFFFOT DR E 2D, ZOBKT LTS, ZAUTRRED L 218, HEFIESTHED
FOUERUZ LY, HHRRESTOEHOESFDOIREN KON T2 THS. WK DC2DX 2B\ T, BT LR
OFITERF R=0.02rad FEE TR &R VIRT LTWD A, XTI & L= 5OV 3306 4 R=0.035rad 2
FTHORT TS, F0%, EFOTHMET L-0lE, G0 TSR cofEomE L Bbnd. REk
DC-ADX 1ZPRID X TEBLAR O L O 038848 R=0.05rad. = TN T THB Y, KPR E CEMOIBTIN F- Lt
TN Z LD, BERIA DC2DXT (28T, SsisRIC L 0, BB RduEE oS L0, T
Pro FEFTco a7 U — hoOEERIZ Dy, MR, NI, Bi&A 2L E TEROT A L
TS, ZOZEICLY, EVIKCE D ESRE L, AR A/NS<IMAbN-bDLEEZLND.

(4) BABRMAICET 555

AWFFECIL, MR REFTEERICTHZEAHNE LTHOEME X EEMIC L TWAD, AUl L 0w AW
TIDO LRI TE 5. K-8 BLTUFE-31E, #BR{ADCN, DC-2DX ¥ XU DC-4DX O AWM /10—, 36 X OERR;
L Ol EFNEIRT. WBRIK DCN O¥ AWML, ROWTTRIHETERS - 7R Nk vEE L, Bk
DC-2DX 3 LT DC-4DX DA AW IE ()i, RITTRT X B R AW A= &z T8EE L7z

__{OJlshﬁp(f;+116)

+0.85 o +0.1c, tbj
M/(0d)+0.115 PyOuy O}J @

ZZIT, ke ko BRESHEIC R DMIEREL (=09, k=0.82p"7) , p,: BIEREFIL (%) , d: HEHE, o EIC L
BTAEINESIE, j ISR (<7/8d) Tdb.

dqu = zy‘dat'd Gy -sin @ (2)

22T,y KRR SIS K DMIERE (=1) , ,q, : XTEEFHOS R OWER, o
0: XTEEMMBHEhE 78 THD.

X TR ORRIRIL,

»

BRI DC-N 132(1) & 0 B H U728 AV /7 & 0 AR ) T AN 28 > 72 3R5R{AR DC-N O AUt ) O3
B CTHAHTRAFIIRZ 30mm & L7223, FERCOW AMMREI I IO FIRRAY 130mm 250 T2 TV R
Lo TRY, ZOROFEEY OBt 0 EEZ LD, BifiiamiiiEs 130mm & U CEAWNN O,
RIS &, FEREERE M8 L. s BA DC2DX 132 & 0 FHE LA & EREE R AITIE S L. TR
TOR MM S X R O XM TIE2WEEN S 1D OFFHTA T TR Y, X BRI L 0 HHs 2D XR o+ AU
NWAELIZZ ENEZ HNDD, 2 ORI CITAEIR L OHEE2 S 1D OFIFHOE AW O _EFIFHRF T 720,
BRI DCADX 1L, EBRIZBW THEAWHREE L T vz, EEEOR AN NI R TH L2, RN LVEHE L

500

CQW-{_dqu

400 CQS” v\LQS +dqu /
§3m »

200 F=w=—=====Fa%p-=-=-==|" "%~ N P77 7SS e Sl s Sl el 20 Ay pB
~ 4
8 100 " 0 //7 o, D K\Qu /M
€ 9
£ -100 / ué/ Vo sz 4 M/'\ SRR / MM/* SRS
8200 poem e oo -L._ 4 P i R S [ S e e =

-300

400

-500

S5432-1012 3435 S5-4-32-101234°35 S5-4-32-1012 3435
Drift angle (< 0.01rad.) Drift angle (< 0.01rad.) Drift angle (< 0.01rad.)
(a) DC-N (b) DC-2DX (c) DC-4DX
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®-3 MH—&

LB [ Oep cOsu cOsu' dQsu | eQsutaQsu
(kN) (KN) (kN) (kN) (kN)
DC-N 219 251 212 - -
DC-2DX | 244 243(227%) - 238 465
DC-4DX | 232 227* 115 342

ZTUE, Qup t BRACEN TR, Oy : RN X DFEFE (1% X TBCARROERSS % bR\ 7= 3R
Oy RN X BFHEME (BETRABREIRE 130mm), O, : RIZ X D FHEE

fit /3% L[El > THRAMBIECE > TBE LT, X B L LizZ LI L2 AWM O EAENGELATZ 6D LEER
bib.

4. BOEEEBOREMTENRET

P DAMER LIZ EM OAMAEIES] — 3~ BER 2 E &
U TSR IR Y% IV T, EBRAER & oA 1T, &

FO—E X RS & Ui HEibt ~oi I >V Ol e v e e ¢ viw e
+5. EBTFRT 2213 5 RCAEHM TH 223, Hih ° ° . R
RTEHPERIER SN TOHRELME LT, FFbiE . AS125mm’ A=123mm’
L UTHRATEAT >, ARDTE, FEES 2 p S — Rz T ¢ ¢
e A U B VB b o BRI & BERE K OSBRI A8tk ¢ oo e o oo e
IR ARTH A SHEERICABIL TR S 0T, fH 3% ~—= ———

TR CITBRA OB T H L EAGE L, EROMEIGT—3 92mm 84.4mm

D ERIR S e o UREIRIN DI AR, Witk U (a) DC-4DX List (b) DC-4DX

W7 7 A S—EEHAWT, Brofhide—2 2 h—ih=g
fENT (M-gfENT) 24T 9. EBOMEIRI—3~0 BRRO
400
300
200
100
0
-100
200
-300
-400

-9 EEICAV-ATHIEE

DC-2DXT

) 7
225 I ]
7 ’
/ Py
.

B

.

.

Lateral force (kN)

S54-32-10123475
Drift angle (< 0.01rad.)

S5-432-10123435
Drift angle (°<0.01rad.)
(a) 7K — B4 14 BAAR

S5-4-32-10123475
Drift angle (< 0.01rad.)

0.8
0.6
0.4
0.2

DC-2DX DC-2DXT

-0.2
-0.4
-0.6
-0.8

Strain (X 0.01)
[}

S5432-101234375
Drift angle (>X0.01rad.)

S5-432-10123435
Drift angle (°<0.01rad.)
(b) EHVTH—EMAER

X-10 SEERFER & ATRER DR

S5-4-32-10123475
Drift angle (< 0.01rad.)
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TFUHF SRR LEZTT A Y2 L, EFOMEREIL 3.0Nmm® & Uiz, BT 5 EOZEIIC W TSk 4)%
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EFFECT OF ARRANGEMENTS OF REBARS ON SEISMIC
BEHAVIOR OF RC COLUMNS REINFORCED BY
HIGH-STRENGTH REBARS HAVING LOW-BOND
STRENGTH

Ryota Higashiyama
Takashi Takeuchi
Takashi Fujinaga

Yuping Sun

Abstract

When high-strength rebars having low-bond strength are used as longitudinal reinforcements of RC columns under
reversed cyclic loading, it is necessary to fix the rebars at the middle of the RC columns and prevent the cover concrete
around there from splitting off. In this study, to reveal the effects of arrangements of rebars on seismic behavior of
square RC columns reinforced by high-strength rebars having low-bond strength, the behavior of four RC columns with
the longitudinal reinforcement arranged parallel or diagonally were experimentally investigated under reversed cyclical
lateral force while subjected to constant axial compression. As the result, it was found that if some of rebars are
diagonally arranged, it is possible to simplify the fixing of rebars at the middle of column, mitigating the reduction of
lateral resistance due to splitting cracks near the fixing portion of the rebars. Test results also indicated that the
diagonally reinforced columns retain their lateral capacity and reduce the residual deformation to low levels until large
deformation. Furthermore, the diagonally reinforced column confined by steel plates prevented splitting cracks at the
fixing of rebars and showed a high secondary rigidity at large deformation.
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