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EXPERIMENTAL STUDIES ON ULTIMATE STRENGTH AND DUCTILITY OF
REINFORCED SQUARE COLUMNS WITH CONFINING REINFORCEMENT

¥ OB AE X* - 47 B OL A - B B m
By Ikuo HIRASAWA, Mituaki ITO and Seiji FURUSAWA

An experimental study on the ultimate strength and ductility of reinforced square col-

umns with confining reinforcement is described. Sixty specimens, each 200 mm square

by 800 mm high, containing either 8 or 12 longitudinal steel bars and different arrange-
ment of square or octagonal steel hoops, were subjected to concentric or eccentric loads
to failure under uniaxial or biaxial bending. Other variables were the spacing of hoops
and the eccentricities of loads. Based on the test results and analyses, new formulas

are proporsed for the ultimate strength and ductility of the columns with confinement

subjected to uniaxial or biaxial bending. A new parameter which was defined, in this

study, as the confining ratio of confining reinforcement ratio to the longitudinal rein-

forcement ratio was used in the formulas. As it is difficult to predict analytically ducti-

lities of columns under biaxial bending, a simple design method is proposed.

Keywords . reinforced concrete column, ultimale strength, ductility, biaxial bending,

confined concrete
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HA10- 8-0-0 8 10 - - 0.00
HA10- 8-0-3 8 10 - - 3.33
HA10- 8-4-0 8 10 A 4.5 0.00
KA10- 8-4-1 8 10 A 4.5 1.87
HA10- 8-4-3 8 10 A 4.5 3.33
HAIO- 8-4-5 8 10 A 4.5 5.00
HAL1O- 8-9-0 8 10 A 8.0 0.00
HAL1Q- 8-9-1 8 10 A 9.0 1.67
HAIO- 8-9-3 8 10 A 9.0 3.33
HA10- 8-9-5 8 10 A 9.0 5.00
HB10-12-0-0 | 12 10 = - 0.00
HB10-12-0-3 | 12 10 - - 3.33
HB10-12-4-0| 12 10 B 4.5 0.00
HB10-12-4-11 12 10 B 4.5 1.67
HB10-12-4-3{ 12 10 B 4.5 3.33
#810-12-4-5| 12 10 [} 4.5 5.00
HBi0-12-8-0| 12 10 B 8.0 0.00
HB10-12-9-1| 12 10 B 9.0 1.67
HB10-12-9-3| 12 10 B 9.0 3.33
HB10-12-9-5{ 12 10 B 9.0 5.00
HC10- 8-0-0 8 10 - - 0.00
HC10- 8-0-3 8 10 - - 3.33
HC10- 8-4-0 8 10 C 4.5 0.00
HC10- 8-4-1 8 10 C 4.5 1.67
HC10- 8-4-3 8 10 C 4.5 3.33
HC10- 8-4-5 8 10 C 4.5 5.00
HC10- 8-9-0 8 10 C 9.0 0.00
HC10- 8-9-1 8 10 C 9.0 1.87
HC10- 8-9-3 8 10 C 9.0 3.33
HC10~ 8-9-5 8 10 C 9.0 5.00
HC10-12-0-0| 12 10 - - 0.00
HC10-12-0-3| 12 10 - - 3.33
HC10-12-4-0§ 12 10 C 4.5 0.00
HC10-12-4-1| 12 10 C 4.5 1.67
HCiQ-12-4-3| 12 10 C 4.5 3.33
KC10-12-4-5| 12 10 C 4.5 5.00
#C10-12-9-0| 12 10 C 9.0 0.00
#C10-12-5-1] 12 10 C 9.0 1.67
HC10-12-9-3 ] 12 10 C 9.0 3.33
HC10-12-9-5| (2 10 C 9.0 5.00
HC16- §-4-% 8 16 C 4.5 1.67
HC16- 8-4-3 8 18 C 4.5 3.33
HC16- 8-4-5 8 18 C 4.5 5.00
HC1B- 8-9-1 8 18 4 9.0 1.67
KCi6- 8-9-3 8 18 C 9.0 3.33
HC16- 8-9-5 8 16 C 9.0 5.00
HC16-12-4-1} 12 18 C 4.5 1.67
HC16-12-4-3 | 12 18 C 4.5 3.33
HC16-12-4-5§ 12 8 c 4.5 5.00
HC16-12-9-1] 12 18 C 9.0 1.87
HC16-12-9-3] 12 16 C 9.0 3.33
HC16~12-9-5| 12 18 C 9.0 5.00
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CH6- 8-4 3.97 1.70 0.43
HC16- 8-9 3.97 0.85 0.21
HC16-12-4 5.9 1.70 0.29
HC16-12-9 5.9 0.85 0.14
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HALO- 8-0-0 4057 3426 661 222 270 - -
HALO- 8-0-3 4057 3426 n7 156 | 220 | 3.8} 1.78
KA10- 8-4-0 4057 3426 704 k] 295 - -
KA10- 8-4-1 4057 3426 546 173 1 268 | 39.05| 17.47
HAIO- 8-4-3 4057 3126 546 139 | 225 | 31.08] 13.70
HALO- 8-4-5 | 4057 3126 704 113 181 | 2779 10.92
HALO- 8-9-0 [ 4057 3426 696 222 1 300 | - -
KALO- 8-9-1 4057 3426 589 130 4 195 | 3172} 14.25
RAYO- 8-9-3 4057 3426 549 123 | 168 | 26.84| 13.32
HAJD- 8-9-S | 4057 3426 696 19 184 | 25.68| 11.97
HBLO-12-0-0 | 4057 3426 640 233 | 30| - -
#810-12-0-3 | 4057 3426 495 155 | 200 | 2.66| 1.72
H810-12-4-0 | 4057 3426 588 27§ N5 | - -
H810-12-4-1 057 3426 6713 185 1 200 | s2.51f 21010
HB1O-12-4-3 { 4057 3126 679 125 | 210 | 86.42( 35.72
u810-12-4-5 | 4057 3426 583 106 150 | 26.81| 12.00
H810-12-9-0 | 4057 3426 441 162 | 01| - -
HB10-12-9-1 057 3126 563 120 20 | 39.16( 14.63
He10-12-9-3 | 4057 3426 563 150 28 | 58.65| 23.39
HB10-12-9-5 | 4057 3426 441 8 128 | 33.60| 14.86
HC10- 8-4-0 [ 3746 3454 701 a7 | 36| - -
HC10- 8-4-1 316 3454 651 178 § 256 | 46.38) 22.54
HCI0- 8-4-3 | 3M46 3454 657 t10 ] 208 [ 10.79] 6.28
HC10- B-4-5 | 3746 3454 652 118 13 | 1681 7.92
#C10- 8-9-0 | 3746 3454 652 a | w | - -
HC10- 8-9-1 3146 3454 160 | 247 | $9.01] 307
HCIO- 8-9-3 | 3u6 354 €89 128 | 1% | 5.8 n.n
#C10- 8-9-5 | 3746 3454 01 105 157 | 1941 9.03
HCI0-12-0-0 | 3746 3454 592 2 | 2] - -
HC16-12-4-1 3146 3454 587 190 | 277 | §7.85] 31.01
HC10-12-4-3 | 3146 3454 587 135 | 205 | 21.31f 12,66
HCI0-12-4-5 | 3146 3454 592 12 | 181} 18.23] 885
HCI0-12-9-0 | 3746 3454 608 22 | W - -
#C10-12-9-1 3746 3454 608 17 206 | 15.85] 8.42
#C10-12-9-3 | 3746 3454 637 138 | 190 | 12.66] 6.7
#C10-32-9-5 | 3746 3454 14 106 156 | 12.96]| 6.55
#C16- 8-4-1 | 3635 3454 613 168 | 28| 25.40] 13.08
HC16- 8-4-3 | 3483 3454 539 12 1m | 16,18 8.5
#C16- 8-4-5 | 3483 3454 619 11 140 | 19.85{ 10.53
#C16- 8-8-1 3483 3454 S8 158 22 | 12220 6.83
W16- 8-9-3 | 3183 3454 589 168 199 | 5.3{ 3.7
HCI6- 8-0-5 | 3483 A 847 103 129 | 12.08] 6.94
HCI6-12-4-1 3635 3454 613 |l 29 | .| 13.20
#C16-12-4-3 | 3483 3454 78 151 210 | 20.46] 10.71
#C16-12-4-5 | 3483 3454 657 2 188 | 3.24] 2.61
HC16-12-9+1 3483 3454 603 17 242 | 21.51| 10.17
#C16-12-9°3 | 383 3454 657 |l 199 198 | 7.8 4715
WCIG-12-9-5 | 3483 3454 819 137 158 | 1.50| 3.8
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RA0- 0-4-07 O - A 4.5 0.00
RA G- 0-3-0) O - A 9.0 0.00
RB 0- 0-3-0| O - B 4.5 0.00
RB 0- 0-9-0| O - B 9.0 0.00
RC 0- 0-4-0} 0 - [ 4.5 0.00
RC 0- 0-9-01 © - [ 8.0 0.00
RAIO- 8-4-1 8 10 A 4.5 1.67
RAIO- 8-4-3| 8 10 A 4.5 3.33
RA10- 8-4-5¢ 8 10 A 4.5 5.00
RA10- 8-9-1| 8 10 A 9.0 1.67
RA10- 8-9-3 8 10 A 9.0 3.33
RA10- 8-9-5 8 10 A 9.0 5.00
RB10-12-4-1| 12 10 B 4.5 1.67
RB10-12-4-3 | 12 10 8 4.5 3.33
RB10-12-4-5| 12 10 8 4.5 5.00
RB10-12-9-1 | 12 10 8 9.0 1.67
RB10-12-9-3{ 12 10 8 9.0 3.33
RB10-12-9-51 12 10 8 9.0 5.00
RCIO- 8-4-1 8 10 C 4.5 1.67
RCI0- 8-4-3| 8 10 C 4.5 3.33
RC10- 8-4-5{ 8 10 C 4.5 5.00
RCiG- 8-9-1 8 10 c 9.0 1.67
RC10- 8-9-3| 8 0 C 9.0 3.33
RC10- 8-8-5) 8 10 C 9.0 5.00
RC10-12-4-1 | 12 10 C 4.5 1.67
RC10-12-4-3 ¢ 12 10 C 4.5 3.33
RC10-12-4-5| 12 10 C 4.5 5.00
RC10-12-9-1} 12 10 C 9.0 1.67
RC10-12-9-3| 12 10 C 9.0 3.33
RC10-12-9-5} 12 10 C 9.0 5.00
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RA10- 8-4 1.43 % 2.78 % 1.94
RAIO- 8-9 1.43 1. 0.97
RB10-12-4 2.14 2.93 1.37
RBLO-12-9 2.14 1.46 0.68
RCIO- 8-4 1.43 1.70 1.19
RC10- 8-9 1.43 0.85 0.59
RCI0-12-4 2.14 1.70 0.79
£C10-12-9 2.14 0.85 0.40
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Ki G- 0-4-0 e 2830 508 -_— 09 —_ -
KA Q- 090 | —— 2890 se | — | 2a1 | — | —
RGO 0-4:0 | —— 290 692 f— | 200 | — | —
% 0- 0-9-0 | —— 2090 62 | — | 2§ — | —
RC 0- 0-4:0 | ——- 2890 51 [ —y 26| — | —
RCO- 0-9-0 | — 2890 ss1 | — 4 260 | — | —
RAI0- B-4-1 [ 3817 2890 857 108 § 229 [128. 9§ a1.97
RAIO- 8-4-3 | 3817 2890 657 ® 193 {162.43| 9.9
RAIC- 8-4-5 | 3617 289% 652 &7 | 4 |12.72] 37.07
RAJO- 8-9-1 | 3617 2890 689 93 | 182 | s0.50| 17.08
RAI0- 8-9-3 | 3617 2890 689 98 in | 49.67| 15.64
RAL0- 8-9-5 | 3617 2890 701 64 196 | 66.03| 20.57
RBIO-12-2-1 | 3617 2890 581 n3 § 269 | 96.57| 23.80
RB10-12-4-3 3617 2890 587 83 210 }188.01| 44.01
R810-12-4-5 | 3617 289 S92 61 172 | 170.81{ 35.25
R810-12-9-1 | 3817 289 608 114 191 | 28.80| 10.88
RBI0-12-9-3 | 3617 28% €37 % 4 19 | .10 20.72
RBI0-12-9-5 | 3817 28%0 637 sz § 116 | 89.00] 24.03
RCI0- 8-4-1 | 38IT 2890 613 | 214 )| 205§ s6.02| 3.9
RCI0- 8-4-3 | 3617 2890 589 103 § 205 | 44.70] 13.13
RC10- 8-4-5 | 3817 2890 619 k3 192 | 45.56] 14.78
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