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Seismic Performance of High-Strength RC Short Columns
Confined in Rectangular Steel Tube
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ABSTRACT

A new method to prevent reinforced concrete columns from brittle failure. The method is called
transversely reinforcing method in which only the critical regions are confined in steel tube. The steel
tubes can change the failure mode of the latter columns from the shear to the flexure. The steel tubes
also increase the compressive strength, shear strength and deformation capacity of the infilled concrete.

The following conclusions are reached on bases of the study on the seismic performance of the
high-strength RC rectangualr short columns confined in steel tube with shear span to depth ratio of 2.0

The brittle shear failure of high-strength reinforced concrete short columns with large amount of
longitudinal bars, which cannot prevented by using the maximum amount of welded hoops, can be
prevented by using the steel tube which confines all the concrete inclusive of cover concrete.

High-strength RC short columns confined in rectangular steel tube provided excellent enhancement
of seismic performance but, found that plastic buckling of the steel tube in the hinge regions tended to
occur when the columns were subjected to large cyclic lateral displacements. In order to prevent the
plastic buckling when the columns lies on large cyclic lateral displacements, the steel ribs were used
for columns. Tests have established that the columns provide excellent enhancement of seismic
performance of inadequately confined columns.
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Table 1. Test Column Details
Steel Tube Longitudinal bar Hoop(5) Concrete Axial Force
Specimen” Colur?)” Size Dit | Ps | Shape Pg Space Pg | Strength N N/AF
type mm % | Dioea) | % mm % | kglom® | ton
R-00 HC . . . 24 273 50 0.586 420 78.75 0.3
R-03 HC . . - 24 2.73 50 0.586 420 . .
TC-A3 TC |250»250>1.0] 250 1.6 24 2713 50 0.80 420 78.75 03
TC-BO TC |250»2580x2.0| 125 3.2 24 273 50 1.60 420 78.75 0.3
TC-B3® TC |250>x250>2.0] 125 3.2 24(12) {2.73(1.37) 50 1.60 420 78.75 03
TC-B3RY TC |250»250x2.0{ 125 3.2 24 273 50 1.60 420 78.75 0.3
TC-B3RC” TC |250>250x2.01 125 3.2 24(12) (2.73(1.37) 50 1.60 420 78.75 03

1) TC- B 3 RC — C:Critical, Middle Section(Pg=2.73%),(Pg=1.37%), R:Rib in Region|of Plastic Hinge

L— Axial Compression Ratio(N/A-f'
L= Soot Tobe Trsneoct VAT

RC . Reinforcement Concrete / TC: Transverselly Super Reinforcing Concrete Columns
2) HC: Hooped Column, TC: Tubed Column, 3) Critical Section Pg=2.73%, Middle Section Pg=1.37%
4) Retrofitting in Region of plastic hinge, 5) Critical Section Pg=2.73%, Middle Section Pg=1.37%, Retrofitting in Region of plastic hinge

—184 -



4— __,ﬁ__r\s 4{.'/(:_;:“._._4..—:—::::: A :m nmh
&« o 6. . 0 PP )
{ y { . . e H o”o; e U . .
D10 pIo . e D [ * D
9 . o 4&“&. . PN ¥
J Cs@ -1",;‘._"',‘;::" Stes = =Lar0 __ﬁ‘ =Yor0
°’W‘ "mﬂ zmn - Ocnoooﬂoo . ooﬂo.oloo
H i 'S HE HEK ° i R R it S i i i
T T s (5 PR i essss o AP
40 . Ko - -h-e . PO §
b d] b . . . . . . .
2 L4 ~ 3 LY . -
1L Lk 1B i . e * fore e o TR O | g “
o m B R e e e o0 o \ A N SIS | ke
~ "y - 5
(a’ R-00, R-03 {b) TC-A3 (c) TC-BO, TC-B3 (d) TC-B3R (e) TC-B3RC

Fig. 3. Details of Test Columns
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Table 2. Material Properties of Conctete Table 3. Material Properties of Steel
Days E. £u v f, fe | Test Column Series E oy £y Ou £
10°kg/em’ kg/om’ | kg/om® 10%gior? | kgfem® | x10° | kglen? | x 10
40 3.12 |o.0021[0.0018] 45 | 473 R-00, R-03 Plate| 201 3560 | 0.0045 | 4050 [0.0078
50 3.15 }0.0020]0.0018] 46 456 {TC-A3,7C-B0,TC-B3 D10 2,05 4750 0.0021 5300 | 0.012
60 330 [0.002510.0017] 47 | 495 [ TC-B3R, TC-B3RC  _¢5 1.89 5620 | 0.'0041 | 6800 | 0.010
Notes: f'.=Uniaxia Compressive Cylinder Strength of Concrete Notes : E = Young's Modulus '
t, =Tensile Strength of Concrete by Spiit Cyfinder Test o, = Yield Stress, £,= Yield Strain ,
E.~Bastiv Modulus, v=Poisson’s Ratio, £,=Strain in the Maxi. State 0, = Maximum Stress, £,= maximum Strain
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Table 4. Ductility Ratio of Specimens Table 5. Damage Index of Specimens
al N -

Specimen| f'; Corr?xnaessim ggg % ngt;'('}y R Speamen| P, g{g? ml_fu Nb(;sejogsm_for Digs‘lgaglym Dav‘rlr.rk;ge Dgﬁar';l&m
Ratio g - | Initial Point { Max. Point | _ index Index Index
kyon?|  NBDF, 3, | B | 3, | rad. (ton) | 3, Ky K E; w D:
R-00 473 0.0 4701521 1 11.09]10.0521 R-Q0 10.74]4.70f 229 0.79 954 56.2 2.90
R-03 473 0.3 3.701 395 | 1068 [0.0395 R-08 }1558{3.70] 4.21 1.09 81.3 43.2 3.86
TC-A3 456 0.3 330 19.7 | 597 [00197 TC-A3 119.10{3.30] 5.79 1.87 50.2 15.4 3.10
TC-B0 456 0.0 4.10153.35{ 13.30 10.0534 TC-B0 [12.18]4.10] 297 1.10 105.2 | 63.1 2.70
TC-83 456 0.3 4011403 11005 {0.0403 TC-B3 [20.34{4.01] 507/ 1.35 85.2 45,1 375
TC-B3R | 495 03 403]48.23% 11.97 |0.0483 TC-B3R [22.76{4.03] 565 1.45 91.2 46.7 3.90
TC-B3RC| 495 0.3 401142104 1050 | 0.421 TC-B3RC[22.48|4.01] 56! 1.61 90.5 45.8 3.48
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