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Table 1 Details of specimens (AC series)

Specimen (AC17-)| N1 | 6HD4 D4 6HD3 D3
Damage level” v v il I
(Max. crack (2.05 mm) [ (2.15 mm)| (1.2 mm) [(1.35 mm)
width)
Initial stra}m of 2400 1 2400
fiber reinf. (8.1kN) (8.1kN)
(Initial force)
o 19.6 MPa
o, - | 2.06 MPa - 2.06MPa -
Noax (RN)  [1360[ 1490 638 1532 997
Nopar/Ng 1oo[ 110 0.47 113 0.73
Cross section: 250 X 250mm, M/(VD) = 1.0,
Common details | Bar: 12-D10 (p, = 1.36%), Hoop: 3.7¢-@105
(p,=0.08%).

Notes: o, = compressive strength of concrete cylinder, o= lateral confin-
ing pressure, N, =max. axial load, N, = max. axial load of non-damaged
RC column, M/(VD) = shear span-to-depth ratio.
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Table 2 Details of specimens (ER series)

Specimen (ER17S-) 6HD4U 6HD4 6MD4
Damage level” v v v

(Max. crack width) (2.4 mm) (1.9 mm) (2.45 mm)

Initial strain of fiber reinf. 2400 p 2400 p 1800 p
(Initial force) (8.1 kN) (8.1 kN) (6.1 kKN)

op 19.6 MPa
o, 2.06MPa | 206MPa | 1.54MPa
Bond perlf)ormance of Unbond Bond
ar

Cross section: 250 X 250mm, M/(VD) =
1.0, 7= 0.2, Bar: 12-D10 (p_ = 1.36%),
Hoop: 3.7¢-@105 (p,=0.08%).

Notes: 1 = axial force ratio (= N/(bDcy)).
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(a) Bar (b) Non-retrofitted and  (c) Retrofitted sp.
arrangement retrofitted sp. (AC series) (ER series)
Fig. 1 Column specimen [unit: mm]
Table 3 Mechanical properties of materials
* E
Reinforcement “ 5 %> Ou
(mm) | (MPa) | (GPa)
Bar D10 (AC series) 71 393 193
D10 (ER series) 71 912 177
Hoop 3.7¢ 11 290 177
Hoop D6 32 479 180
Aramid fiber belt t =0.572mm 28.6 2060* 118

Notes: a = cross section area, o, = yield strength of steel, o, = ultimate
strength of fiber reinf., £ =Young’s modulus of elasticity.
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(c) Step 3: Axial compressiontest  (d) Step 3: Cyclic loading
(AC series) test (ER series)

Fig. 2 Test setup and loading procedure
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200V (kN) g‘mm ]
Vmax = 189Hll(N | _ su
100" 2~ 0.69%) E Vr;u}gv: 0125/1;1\11 %

[V (kN) ©,,—

P
(R =-0.44%)

-100f Vmax=-171 kN 1 [ Vimax = -160 kN
(R=-0.57%) I/
o reoff o)
-1.5-1.0-0.5 0 0.51.0 1.5 -1.5-1.0-0.5 051.01.5
(a) AC17-D4 (b) AC17-6HD4

6HD3 (1.20 mm) 6HD4
0.8 | (2.05 mm)
06 }\Il (non—damage)_ 047 }\11 (non—damage)_
0.4 /\‘ Y /D4(2.15mm)
02 (1.35 mm) (): max. crack width] (): max. crack width]
0 v leeak Pointl . ¥ :peak point

110

0 0.2 04 06 08 1.0 12 0 02 04 0.6 0.8 1.0 1.2

Axial strain & (%)
(a) Damage level I11

Axial strain 3 (%)
(b) Damage level IV

Notes: Q= Flexural strength by AlJ eq.”, O = Shear strength by
Arakawa mean eq.Y, ¥ = peak point.

Fig. 3 V- R relations (shear failure test)

Table 4 Observed cracking patterns after shear failure test
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15 RC #E D3 D B KJEA#H /113 0.73N, Tdh 5, 4815 RC kE
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Fig. 4 N/N, versus &, (AC series)
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Fig. 5 /0, versus ¢, (AC series)
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#12M%) THDH, Fig.5 (b) LV, #HERCH: D4 DJEHE
SREEIE 0.40,, RERREENNEZEA L7Z 6HD4 DL i
0.940, (D4 DKJ2.41%) T 5, HEERCHEDA D 1/3 FIf
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(a) ER17S-6HD4 (b) ER17S-6HD4U
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(c) ER17 S- 6MD4 (d) ER16S-6MD4
(0.=1.54MPa) (0.=1.54MPa)
Notes: SF: shear failure, EMG: emergency, ¥ = peak point.
Fig. 6 V-R relations (ER series)
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Fig. 7 Stress distribution of longitudinal bars along the
column height (ER series)
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L v/hEn, B AWHRE BRI OB A 1L (a) 6HD4
(R=1.5%) 7% (c) 6MD4 (R=1.0%) LV KX, ft-
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Table 5 Observed cracking patterns after EMG test
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:é 3r lnmal 3t {gr‘l[slfa(ln -3.0%
2o e 5| i g et
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Loading direction (a) 6HD4 (b) 6HD4U

Fig. 8 Distribution of fiber belts strain (ER17S series)
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EEMERTE D, LOLARNG, (c) 6MD4 DO AWk
FEEREDY (d) ER16S-6MD4 O il 17983 FEEREIZ L~ T#
U EREL VDL, EFOMBELIZEY T A
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~HR (Fig. 9D h ) ORFITHL, h FOEFD5H
HDFEATE )V S DFENL a0 K0, IREDEK Y 2D,

ATA se
ATtang=73 a0, )
Tensile force of

Y AT, aramid fiber belts = a,0,

N ]
Aldel |F T
o . 8 <
AT “ 2
~ 4 o ! S =
)
| O 4y
N . 5 ©
\t-bf Diagonal 53
> AT compression 8 3
o c &= “

force of concrete a

Notes: @= strain gauge, hg = spacing of gauge, AT = differencies
of tensile force of bars.
Fig. 9 Force equilibrium of truss mechanism [ Unit: mm]
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Fig. 10 Angle of diagonal
concrete strut (ER17S series)

Fig. 11 Bond stress of
outer bar
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AR AW I DN R0 K & 9o 7225 % Fig. 6 (a),
(b) DB BEEHETE D03, AR ENZ N0, 5
DORFFETH D, AEITIE, Fig. 9128\ T, ~UL D
SIRNE a,0, % R OMNEIIATTHIR L, + 7 2D
EBREHEDD, Fig.9 kv, NI Ao — Rt
DIEMIGENIE 0,1%, KA TRDOND,
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<25 r r - 100 ‘ ‘
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Fig. 13 Percentage of
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Fig. 12 Diagonal concrete
stress of truss mechanism

T, o AMUEREERRE, Zo X9 LTRDE L
7 AMERE DR O G FE 0,1%, 6HD4 T0.93MPa, 6MD4
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AEO AT VW VT AT THIR L, F7z, 7—F
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Notes: T, = tensile force of bars at ¥, , N = axial force, J =
diagonal concrete force, 7= L/D.

Fig. 14 Diagonal concrete strut of arch mechanism
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Table 6 Test results of diagonal concrete stress of
unbonded specimens

Specimen 4 O
=L/D k oo
(ER178) |7 (degree) (MPa) ?
6HD4U 2.0 15.7 044 | 22.1 1.13

Notes: D = depth of column, 8= angle of diagonal concrete strut,
k= ratio of the compressive depth of arch mechanism to the depth
of unbonded specimens, o, = diagonal concrete stress.
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