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Fig. 1 Column specimens [unit: mm]

Table 1 Details of specimens

Specimen (ER19S-) | 9Hs | 9HD3s 9HD4s 9HD4U

Damage level” I v v
(Max. crack width) T (13 mm)| (2.4 mm) (2.4 mm)

Bar arrangement 12-D13 (p o = 2.44%) 12-D10 (p o = 1.36%)

o, (MPa) 398 912

Bond or unbond Bond Unbond
Cross section: 250 x 250mm, M/(VD) = 1.0, Hoop:
Common details |3.70-@105 (p., =0.08%), &, = 2400y (initial force =
8.1kN), o5 = 19.9N/mm’, o, = 1.36N/mm’, 57 = 0.2.
Notes: g, = yield strength of steel, M/(VD) = shear span-to-depth
ratio, &, = initial tension strain of fiber belts, oy = compressive
strength of concrete cylinder, o, = lateral confining pressure, 7=
axial force ratio (=N/(bDog)), b, D = width and depth of column.
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Table 2 Mechanical properties of materials

. a oy, 0y * E
Reinforcement )
(mm) | (MPa) | (GPa)
Bar D13 127 398 197
D10 71 912 177
Hoop 3.7 11 268 192
Hoop D6 32 479 180
Aramid fiber belt t =0.572mm 28.6 2060* 118

Notes: a = cross section area, o, = ultimate strength of fibe reinf.,
E =Young’s modulus of elasticity.
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0.64), Table 1 DFEFRERIAIT, REEIREFR TR & & T AW
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Notes: O, = Flexural strength by AlJ eq.¥, Oy, = Shear strength
by Arakawa mean eq.”, W= peak point.
Fig. 4 V-R relations and crack pattern after test

- 806 -



Loading direction —
e 300 —1.5% 3
(Vmax) 4
El 400 | % 3
£ Q 2
s ;] 300 ae |
E i
S 200
SRR 100 1 2[nitial
b d tensio:
o stre‘un ‘ bg‘(%‘)
a4 02" 04
(a) Longitudinal bar (b) Aramid fiber belts

Fig. 5 Stress and strain distribution of bar and fiber belt
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Table 3 Crack patterns after shear failure test
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Table 4 Observed cracking patterns after EMG test 4\ Tensile force of aramid

—[_OHD3s OHD4s | OHDA4U X2 fiberbelts, %407

A ] P AT, o

2| R | R . :

~ ¥ s \\ égi ﬁ/}j A / 1) 5 ;,

g = A ~ 3 Y 53

©n M /S % &{ AT, AT, 2 2

L / ' “ \ N 2B

5] T/ 7 % & Diagonal E 8

o~ LA v, I~ N wl ~S==iis= compression E &

= / % 4 ?‘7@% X I AT, force of concrete
Notes: @=strain gauge, h, = spacing of gauge,
N, O 72 Eﬁéﬁg—g\- X n7. R= 1.5%E§L:%j(7qufm AT = differences of tensile force of rebars.

. . Fig. 10 Force equilibrium of truss mechanism
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(a) & Fig.7 (a), (b) DHEMD, KEEROLGE, & D-k. 1 kD force of rebars, 4V, = diagonal concrete

_ . force, o, 6= ion st d angl
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PeaNy = < S Ty fe 8 Notes: k = ratio of the compressive depth of arch mechanism to
FERBRIRD b7 AR, EMHOMES, ~vhos] the depth of RC column, M, = resistance moment of RC column,
B, W=7 U — FORDIENE ) TSNS B V, = shear strength of arch mechanism, D = depth of column, C =
%% (Fig.10) ¢, cotgld, HEFRBRIATEAGOATEE & ki compressive resultant force of RC column.
WA LTI OT B —DREEN S EFOSIRD%E (F Fig. 12 Details of arch mechanism
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72 (7) ICAEGERIEELRATLIZ L TRDLND,
k =1 —ntané (7)
ZZTC,n=L/D,Fig. 12 |37 —FHEDOFEMTH 5,
Ml s mosauviE 8) Thy, £z, =27V —F
DOIEMEE T Cix, 27 U — N ORVDIEHE 1 OB LSy
DI, X (9) BT D, M7 O#EWERE
L7 —FHEOR O kX, X (10) LD,

XY =0:C=N + 2T, (8)
N + 2T, = bkDcos?8 - o, 9)
k = (N + 2T,)/(bDcos?8 - a,) (10)

T, o T—F ORI MG FIE, Fig. 12 X
D, AW VT8I0 B D T DI IR — A
M, EVEETD M, =05C-D(1—-k), 27 U—
FOEMEET C X, A 8) LR (9) TRENDHTD,
MAFE (1) DL HIERTE D,

M, = 0.5bkD?0,c0s%26(1 — k) (11)

X (D) ZBT27—THEOMEL, Fig. 12 LY,
X (12) TRDBND,

2
c0s5%6 = 1/{1 + (%) a- k)Z} (12)

X (12) 2= (1) 1ZfRAL, dM,/dk = 0% FHT 5
L, MuDSERKEZEIRD & & D kTR D & 512725,
k=1+n%—n/1+n2 (13)
T —F RO AW Vo 1T (13) WUk
L0EFTE 5,
V, = bkDsinfcosbo, (14)

2

sin@ =%(1—k)/ 1 +(%) (1 - k)2 (15)

2
cos6 =1/ |1+ (%) (1 - k)2 (16)

4.2 HABREERFER DR

HIEiCRLIE R T 2 - 7—F it %, EHOMERD
ZFERRER IR (9HD3s, 9HD4s) & £/ OFFFE D3 72\ O FERRER
& (9HD4U) D& AWHREFER (Fig.2 (@) #EFRICE Y
FREES %, Table5 1%, 2 (2) ~2 (5) TEE L7z 9HD3s,
9HD4s FERRBRIED - T ABEDRGER R Th 5, X (3)
D aer ¥, TAMITRER O~V S OOT L R EZ
Wiz, b7 ABEEO R EMEIG T E o TR TR D 7=,

0t = Coxp/ (bjccOtsing) (17)

Z I T, Cexp: b T ABERE ORI D L ) F2BRE (Fig. 10)
Table5 £ 0, ®AWHREERK I~V b 2 BITEN TN
572 (@150mm), kT AFEOAQHEEARS ViddE
WIS ENRGND,

Table 6 1%, = (6), (7), (14) ~ (16) ZfEMH L 7= 9HD4U
DT —FREREDORGEAER TH 5, Table6 LV, tAWH

Table 5 Test results of truss mechanism (SF test)

Specimen cot 1/ Vi o V max
ER19S- (degree)| (KN) [ (N/mm’)| (KN)
9HD3s | 2.0 | 266 | 67 | 252 | 181 | 0.04
9HD4s [ 2.0 | 266 |11.2] 1.74 | 189 | 0.06

Notes: ¢ = angle of truss mechanism, V, = shear force of truss
mechanism, o; = diagonal concrete stress of truss mechanism.

Vt / Vmax

Table 6 Test result of arch mechanism (SF test)

Specimen 12 uOa Va V max
tané k exp 2

ER19S- (degree) N/mmd)| (N | (kN)

9HD4U | 0.358 19.7 0.28| 31.6 178 | 178

Notes: k., = test result of ratio of the compressive depth of arch
mechanism to the depth of RC column, ,o, = diagonal concrete
stress of unbonded specimens, ¥, = shear force of arch mechanism.

Table 7 Test results of shear strength (SF test)

Specimen | V; o b0a Va | Va | Vinax
ER19S- | (kN) |(N/mm”)|(N/mm®)| (kN) | Vinar |Vi+Va
9HD3s | 67| 252 | 29.1 | 164 | 091 | 1.06
9HD4s [11.2] 1.74 | 29.9 | 168 | 0.89 | 1.05

Notes: ,0, = diagonal concrete stress of arch mechanism of bonded
specimens, tanf= 0.358, k.., = 0.28.

G FEBRRED T — T HEE O B FBRE 1 19.7 &, 7 — T 1%
WDk ERMEIZ 028 THD, & (7) »o/bohilc bk FE
Bl &, MiFmogauvicksa®x 100 #HVwWTTr—
FHERE ORI O IEMIE T E 0 23K D &, 31.6N/mm? & 72
% (o D 1.6 fi5), mWEMISENRREET D Z LIk
D, THIBIEHMESHOMETH D, 7 —THHEDA
FEFEBRIE & k EBRIEEZ AWV CEHR L7 —F oA
AT Vo 1358 D KK I —FT 5,

Table 7 1%, 9HD4U H 645 L7 7 — F DA £ 9,
kZRWT, EffOFMERS S 9HD3s, 9HD4s Ot AW
R (VtVe) ZRGELTCRER TH S, 9HD3s, 9HD4s D
T — TR DR EMEIG T pou 1FRATR D72,

p9%a = u9q — Ot (18)

ZZT, v0u, uou: EFIOMEN D D25E, ROGED
7 — T HERE DRI O EREIG T, Table 6 O you & [FIERIZ,
Table 7 @ sou D308 DRI 1.5 fi5 & 72> TV B UTA R OM
R TH D, 9HD3s, 9HD4s O 7 —F kD AT A
Wrts Va @ Vi IZEDDHIAETL 91%, 89% Th 5,
Viazx/ (Ve +V)IE 1.06 & 1.05 TH Y, B TEZ-T
A o T —FHEE A VUL, 9HD3s, 9HD4s O AKTHE
BEBRMER MGt 2B 2615,

4.3 BEEEHER S - RC EDEERBERE DRI

AT, AIECORTTIEL, BEER RS oK
1818 RC 1B 1K 9Hs (Fig. 4), 3 L OREEIEI R E
RC B {K 9HD3s, 9HD4s, 9HD4U (Fig.7) (2 fH 4
%, Table8 i, = (2) ~= (5) THE L7z 9Hs, 9HD3s,
9HD4s D kT AMEDRFEAE R CTdH 5, Table 8 L1,
9Hs DMFHE spacse (=1.62N/mm2) %, Table 5 (TRT
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Table 8 Test results of truss mechanism (EMG test)
Specimen | RCW cot 1/ V, o Vinar | Ve
ERI19S- |(mm) (degree)| (kN) [ (N/mm”)| (KN) | Ve

9Hs - 1.23[ 39.2 100 3.9 228 | 0.44
9HD3s 1.3 [0.70] 55.1 78 3.1 180 | 0.43
9HD4s | 2.35|1.91| 27.7 176 6.0 182 | 0.97
Notes: RCW = residual crack width.

Table 9 Test result of arch mechanism (EMG test)

Specimen [RCW 1% uOa Va | Vmax
tand k ep )
ERI19S- | (mm) (degree) (N/mm)| (kN) | (kN)

OHD4U | 2.4 [ 0.235 132 053] 192 [ 142 ] 142

Table 10 Test results of shear strength (EMG test)
Specimen | V, | o, | 80a| Va | _Va [Viu (KN)| Vinax
ER19S- [(kKN)| (N/mm’) | (kN) | Vi |=ViAV | VAV,

9Hs 100)3.9]27.7] 156 | 0.69 256 0.89

9HD3s | 78 [3.1]16.1 [ 119 | 0.66 197 0.91
9HD4s | 176 6.0 5.6 | 41 | 0.23 218 0.84

9HD3s, 9HD4s D8 A MG FEERRF D 4paose (9 0.1N/mm?)
L0, ZnbOEAMBREFERIEFCHST T
AEB OB AW INIRE L, Vi ITHDDHEIE T
44% T %, 9HD3s TIXMAESN 45 EEB 1720, Vi
IXEFHDOBIEIIOZEAT THRDT=, 9HD3s ® Vi S 9Hs &
D/NSWOITBEIC X0 ERHOMFERLIL LT al Rtk
EZoD, —F, BB OUEIROKR VN 9HD4s T,
9HD3s £V b Vi KRE W, RO VFIIENRE o7
43, OVEINPHE OFRFEA OHD3s L W /hs <, ZDfER,
9HD3s LV b T AN Il L7 FTEEMENE X biL D,
Table 9 (3 (6), (7), (14) ~ (16) A\ 7= 9HD4U
OT —THBORGLE R CTH D, IHDAU O k EHRIEIT
0.53 Lipotz, X (7) 1Tk D kFEBRE L, Mo
AWZE DK (10) ZHWTT —FHEORND EHMEIG S
oKD B E, 192Nmm2 TH5 (op® 0.971%), 7
— TR O AL TR L k FERIEIC XL 57 — T g0 A
FEAWS Vo, EBROBRAFENM I —KT 5,
Table 10 [ X EROfFENH % 9Hs, 9HD3s, 9HD4s D
T AWTRE OGBS R TH D, 2O OHRBIED o
ZX (18) TR 57, AR RC H: 9Hs D 404 1% Table
6 |\Z7R"$ 9HDA4U @ 31.6N/mm? % JH\ 7=, 9HD3s, 9HD4s
D 4oa 1%, Table 9 |27~k 3 9HD4U @ 19.2N/mm? % V7=,
7235, OHD4s [ZOOEINFAE OFRE DS OHD3s L Y /X 7)»
STAREMER & D72, K (18) DFHRICH N TIT vou I
a7 ) — MEMBEAR DRIy (=0.7-08/200, Z Z TIX
os=uoy) % F L7z, Tablel0 LV, 9Hs & 9HD3s DT —
FHERED Vinae |2 5D D EIE X 70%55 TH Y, —J7, 9HD4s
T 23%TH Do Vig/ Ve + V)11 0.84~091 TH Y, 4%
NEFBEREDACTELLEXOND, £72, 9HD3s D
Ve (=Vi+Va) 1X9HD4s LV /NS L, Z ORRITERRE

£ (Fig.7) LHE7T 5,

5. £&®

AHFFECIE, REEMEI R L7-R{5 RC FEOF AW 1D
B RIET 5720, EMOMEBEOFELEEL L%
TR LT AW SR A i L=, 1§ D iioib
REUTICE LD D,

() CABIEE L EEZDND, EHOMERD DLHE
BRI RS RC HERBRIRICIB W T, RO OERUIED
AN S WVRERREBR IR D I KACER 7173, 758 O OEIFUIE O K
XVHRBIA LV /NEL RolDiT, HAMBREGERT
O R LN E ol tEZBND,

Q) EFF O 2 ds LI FERBR IR O B KA 113 3
HOMBEN D DIERBRIREL D /NS oz, ZHUT T A
g O AW HAENREEL TN RNTEZDTH D,

(3) FT R T —FOHAWHREMEEZBE L, Z0
ET VO YL VMR G BRI CHEE L7290 AT
HEBhREI RS RC FE~l A L7z & 25, EBRFEREH
NS LB TE T,

E'jf23

AMFFEIL, ISPS BHFE: (JP16K06579) DBIR% % 5% 1) 7=,
772 RO M BR) 7T v = RS biE
HETEWV=, ERTITMB A %, BUERS: BaikE, o
TR OR N ZTAEV T,
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