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ABSTRACT

This experimental investigation was conducted to examine the behavior of eight a third scale columns made of
high-strength concrete(HSC). The columns were subjected to constant axial load corresponding to target value of 30
percent of the column axial load capacity and a cyclic horizontal load-inducing reversed bending moment. The
variables studied in this research are the volumetric ratio of transverse reinforcement(Ps=158 225 %), tie
configuration(hoop-type, cross—type, diagonal-type) and tie vield strength(f;=5600, 7,950 kgf/cmz).

Test results indicated that the flexural strength of all the columns did not exceed calculated flexural capacities
based on the equivalent concrete stress block used in current design code. Columns with 42 percent higher amounts
of transverse reinforcement than that required by seismic provisions of ACI 318-99 were shown ductile behavior.
With axial load of 30 percent of the axial load capacity, the use of high-strength steel as transverse reinforcement
may lead to equal or higher ductility than would be achieved with low-strength steel.
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Table 1 Properties of specimens

a;=0.85—0.001257, = 0.725
B,=0.95—0.002507, = 0.70 4)

3. &8 A=

31 AMEH mzf

ANBAE & 71 Adeislen] AFA 542 Table

19 2 QA Add 349 539 e 9% 2
Ao 2HEGHDE Fol ARsged, 715 due

Fig. 2¢}F 7o) 200 mm x 200 mm x 600 mm=. s}sitc}.

AGAZE ZE AR tiste] 4002 FA3H
FAoH, APAY HALE HIOoER AEHe FE&
SD402) A7 13mm¢] o]F A 8E(FH] 254 %)E Al
S35tk A1gA9] At 2EHE 500 mm x 400 mm X
A0 mmE. o] 7)FRARY 2 AR IS A=
£ HDI0 2 HD13 dog F83] B8t

T AEAY AHE BES Aside] 77 6719 ¢
Rmm AHEEZ ¥k T Yo 143G FEAA2
3 FRY ArE 1B gen, I3 ol X%
A4S AR 68 ooz sk LAFYEE 70
kgf/em™ 302 319 Hn)2S ARgslo] BMdsidon A

U7 R e AHgeke 386 oS AT

— Foase

r [ ] [ ] [ ] L ﬁ—f;

Neutral _l L
h —0—————-0—-——a;is— ———————— —_———
L [ ] [ ] ® /

(a) Column (b} Strain
cross section distribution

{c) Rectangular
stress block

Fig. 1 Concrete equivalent stress block

Soc Transverse reinforcement Longitudinal bar ¢
pecimen . INFE 0. 0 o1, & P ok Set
designation ?iig Slzsrcrslg Detail” oo | 7 (kgf;ch) - ?iz; (kgf;cmz) (0/:) (kgf/cm®)
C-S Y6 5.7 C 158 1.00 7,950 1794 8-D13 4,395 2.54 700
D-S V6 6.5 D 158 | 1.00 7,950 17.94 8-D13 4,395 2.54 700 S-senes
H-S 6 38 H 158 1 1.00 7,950 1794 8-D13 4,395 2.54 700
C-A V6 4.0 C 2251 142 7,950 22.55 8-D13 4,395 2.54 700
D-A V6 46 D 2251 142 7,950 22.55 8-D13 4,395 254 700 A-series
H-A 6 2.7 H 225 142 7,950 22.55 8-D13 4,395 254 700
L-C-S |%¥6| 40 C 2251 1.00 5,600 18.00 8-D13 4,395 254 700 .
LDS |¥6] 46 | D |225]| 100 | 5600 | 1800 | 8013 | 43% | 284 | 70 |

1) Details of transverse reinforcements { C ; cross-type, D ; diagonal-type, H ; hoop-type )
2) Ratio of transverse reinforcement over spacing S to core volume of concrete confined by transverse reinforcement (measure out-to-out)
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Fig. 2 Details of specimens (unit : mm)

Table 2 Compressive strengths of concrete

Average strength (kgf/cm?) Ec(kgf/cm®)
((%g‘;) 31 7]10 2|28 )
Strethh 3.38x10°
(kef/cm’) 465 | 522 | 598 | 647 | 701
Table 3 Propertics of reinforcement
Es fy €y fu Elongation
x10°%gf/cm®| kgf/em® | x108 | kgf/em® | (%)
D13 1.787 4,395 2,448 5,764 18
6 2.070 7,950 5,700 8,650 152
Y6 | 2100 5600 | 4600 | 5980 138
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Fig. 3 Test sctup and loading condition
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Displacement ductility (5/8y)

2 4 6 8 10 12 14 16 18
Number of cycles

Fig. 4 Latcral displacement sequence
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Yeild of longitudinal
Reinforcement

Yeild of transverse
Reinforcement

| Photo 1.(a) |
! ‘ Photo 1.(b) '[
:
Appearance of Photo 1.(c)
inclined cracks

Lateral force

1
|
|

Flexural cracking

Displacement

Fig. 5 Summary of observed behavior

(a) After 2 cycles to pA = 2 (R = 0.0083 rad)

(b) After 2 cycles to pA = 4 (R = 0.0166 rad)

(c) At end of testing

Photo 1 Column H-S at each stage of testing
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Table 5 LIERHSIE:

feo = 701 kgf/cm?
p/pAC, =1.00
Fw = 7950 kgf/cm?

( tonf)

1509 —— ACI Rectangular bloc\k\:\'-l,'x

ARl 7P 238k YU ot Azizinamini et al. 0 Z 190 — By et
o] Alokst SIMSEHEE A7t T0 kgf/cm2 7 Z3agE & 100 - Azizinaminin et al.
—— lbrahim et al. "0t~
of Agrksstee 2 dRoln 8 ACI 7% s = ¢ -~ 82 tont
E s 2aEs e 7150 AuE A 57t ol s =
S A%l e ABSL 27EE Aow Aok, L
onf-m
gk, FR7E Yo g2 HlﬂoﬂHE Fig. 7~9 Fie. 7 Axial Toad-M (S—serics)
. o ig. xial load-Moment curve(S-series
B vle 2o] Fe) wsje] e Py Aole A4 o 8
& A0% et F 70 AHulo] w2 w)arol A 3001 fo = 701 kgf/om?
= AR} SRS e R4S deigen, o 250 ol = 1.42
“ 5 e T Fi= 7950 kgf/cm?
T JuZo] AFEAES B ARHoR Pt ~ 200
TS Tl HE e 91*_%1]"]7]7] EH":L_ AR AR é 1504 — AGI Rectangular ook S
deh 2ela, JRaee FRPwh I BE 5-11 ] L RIS
% =2 ANLE dojm Ytk —— lbrahim et al. TR
509 5= & 84 tonf
of Al 0 |~ A ) T j
44 AH 0 2 4 6 8 10
2 1 AE 750 Auge M( tonf-m)
T00kgf/cm™d L% ZABE 71504 7
ket/ern' 3173 e 2, Fig. 8 Axial load-Moment curve(A-series)
Table 4 Comparison between measured and predicted 300 =
flexural strength . fey = 701 kgi/em
25055 p/Pag =1.00
Specimen | Mexp | Mexe | Mexe | Mexe | Mpe 1 7T Fn = 5600 kgf/cm
designation| (tf - m)| Maa | Mivahim | Mping | Maze = 200‘_ i
CS | 750 | 093 | 095 | 098 | 100 S 150] —— ACI Rectanoular boORRY
D-S 7.30 0.90 0.93 0.9 097 Iy ool iinq et al. Ca
o Il Zizinammin et al.
H-S | 744 | 092 | 095 | 097 | 099 | - Adnaminn etal S
CA | 807 | 100 | 103 | 105 | 108 50{ = L-C-§ 84 tont
D-A 751 | 093 | 095 | 098 [ 100 ol 7 PSS .
H-A 740 0.89 0.92 0.94 0.97 0 ) 4 6 8 10
L-C-S 7.23 0.89 0.92 0.94 097 M( tonf-m)
LDS 220 | 08 0.%2 0.94 0.6 Fig. 9 Axial load-Moment curve(L-series)
Table 5 Displacement ductility
Displacement{(mm) Dliﬁllgtciirg;mt (xl((:)l’]“r\;ztjl}iﬁm) Curvature ductility
Specimen Bmax Bgoss Ha Ha' Moy Hy'
8. ’(p r’wbmax d) %
T ) JAve| () | (5 | Ave | 8mudSy | Beoe/Sy ! ¥ Yona/ Py Yo/ Yy
W@ @@ G 6 | @O [8=WDO=)/0 40 | an | 12) [(13)=(11)/10)[(14)=(12)/10)
C-S 2641639 603|621 | 846 | 873 | 868 2.35 3.25 0171 042 | 0.85 2.47 5.0
D-S 270 | 464 | 490 | 477 | 871 | 835 | 853 1.76 3.16 016 | 035 | 0.75 2.19 47
H-S [250]625 (550|583 | 9.08 | 869 | 889 2.35 3.55 0.17 | 0.40 - 2.35 -
C-A |268]667|573]6.20 | 948 |10.28| 9.88 2.31 3.69 0.15| 035 { 1.50 2.33 10.0
D-A [275]10.05| 7.05 | 855 |13.97(10.16 | 12.07 3.11 4.38 0.20 | 0.45 - 2.25 -
H-A 1267|522 | 87 | 696|124 |1355]12.98 2.61 4.85 0.15 ] 040 - 2.67 -
L-C-S 265|692 | 506|599 1098 | 834 | 9.66 2.26 3.64 0.20 | 0.45 - 2.25 -
L-D-S |275( 783 | 505 | 644 [11.20] 9.00 | 10.10 2.36 3.70 0.21 | 0.40 - 1.90 -
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Fig. 12 Effect of steel cofiguration on curvature
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