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Behavior of high-strength concrete square columns confined by
grid stirrups with different strengths
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Abstract; The Chinese code GB 50010—2010 Code for Design of Concrete Structures gives a formula to calculate
the axial compression capacity of confined concrete columns by using the yield strength of spiral and welded ring
stirrups, and it assumes that the stirrups have yielded under the peak compressive stress of confined concrete. In
fact, the stirrups can yield only when the volume stirrup ratio exceeds a certain limit. Meanwhile, the code has not
codified the case for square concrete columns confined by grid stirrups. To explore the tensile stress level in grid
stirrups under peak loading, we conducted axial compression tests on 42 high-strength concrete square columns
confined by grid stirrups. The axial compressive strength of the unconfined concrete ranged between 50. 0 MPa and
68.0 MPa, and the stirrups were made of HRB400, HRB500, HRB600, PC800, PC1 270, and steel wire with
standard tensile strength of 1 570 MPa. Results show that majority of the stirrups did not yield under the peak
compressive stress of the confined concrete. The axial compressive strength of concrete, volume stirrup ratio, and
hoop spacing had great impact on the stress level of stirrups. On the basis of the test data of unyielding stirrups
under peak compressive load, a formula for calculating the actual tensile strain of stirrups under peak compressive
load was established, and a method of calculating the lower limit value of volume stirrup ratio for stirrups capable of
yielding under peak compressive load was proposed. By considering the effect of the actual tensile stress of stirrups
on peak compressive stress and strain of the confined concrete, the full curve equation for the compressive stress—
strain relationship of grid stirrups confined high-strength concrete was established, which provided reference for the
engineering application and calculation of square concrete columns confined by grid stirrups.

Keywords: confined high-strength concrete ;grid stirrup ;square column; stirrup tensile strain; compressive stress—

strain relationship
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Tab.1 Specimen design parameters
v TR TRBE 15 BE A i 5 -5 fi fpE X p./ % s/ mm d/mm p./ %
C-1 C60 HRB400 B 1.10 75 8 0.39
C-2 C60 HRB400 B 1.35 60 8 0.39
C-3 €60 HRB400 B 1. 60 50 8 0.39
C-4 €60 HRB500 B 1. 00 80 8 0.39
C-5 C60 HRB500 B 1.25 65 8 0.39
C-6 €60 HRB500 B 1.50 55 8 0.39
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k1
R TRBE 150 B SR il A3 L5 il 7 T =X p/ % s/mm d/mm p/ %
C-7 C60 HRB600 A 1. 00 65 6 0.59
C-8 C60 HRB600 A 1.20 50 6 0.59
C-9 C60 HRB600 A 1. 40 40 6 0.59
C-10 C70 HRB500 B 1.00 80 8 0.39
C-11 C70 HRB500 B 1.25 65 8 0.39
C-12 C70 HRB500 B 1.50 55 8 0.39
C-13 C70 HRB600 A 1. 00 100 8 0.59
C-14 C70 HRB600 A 1.20 85 8 0.59
C-15 C70 HRB600 A 1. 40 75 8 0.59
C-16 C70 1 570 MPa 5 %4 A 1. 00 65 6 0.59
C-17 C70 1 570 MPa §{2% A 1.20 50 6 0.59
C-18 C70 1 570 MPa %4 A 1. 40 40 6 0.59
C-19 C75 HRB500 B 1. 00 80 8 0.39
C-20 C75 HRB500 B 1.25 65 8 0.39
C-21 C75 HRB500 B 1.50 55 8 0.39
C-22 C75 HRB600 A 1. 00 100 8 0.59
C-23 C75 HRB600 A 1.20 85 8 0.59
C-24 C75 HRB600 A 1. 40 75 8 0.59
C-25 C75 1 570 MPa §{2% A 1. 00 65 6 0.59
C-26 C75 1 570 MPa %4 A 1.20 50 6 0.59
C-27 C75 1 570 MPa {22 A 1. 40 40 6 0.59
C-28 C80 HRB500 B 1. 00 80 8 0.39
C-29 C80 HRB500 B 1.25 65 8 0.39
C-30 C80 HRB500 B 1.50 55 8 0.39
C-31 C80 HRB600 A 1. 00 65 6 0.59
C-32 C80 HRB600 A 1.20 50 6 0.59
C-33 C80 HRB600 A 1. 40 40 6 0.59
C-34 C80 PC800 A 1. 00 85 7 0.59
C-35 C80 PC800 A 1.20 70 7 0.59
C-36 C80 PC800 A 1.40 60 7 0.59
C-37 C80 PC1 270 A 1. 00 85 7 0.59
C-38 C80 PC1 270 A 1.20 70 7 0.59
C-39 C80 PCI1 270 A 1. 40 60 7 0.59
C-40 C80 1 570 MPa 42« A 1. 00 65 6 0.59
C-41 C80 1 570 MPa #{ %4 A 1.20 50 6 0.59
C-42 C80 1 570 MPa 5 %4 A 1.40 40 6 0.59
T ep, AUFRECAERE s il 138 500 mm X B S A I HE , d D 5EAT B o, WA EC AT
x2 RETERNFMEEER x3 HREWEEERNZEEEER
Tab.2 Basic mechanical properties of concrete Tab.3 Basic mechanical properties of hot rolled steel bars
e AKHIS0 mm  Rhodr o JeE Eik A Jit R R S
b bk s o SEOURACE B we owme oms Faws R
sxgg PURMRSEE [, /MPa  f,/MPa Eo/MPa ,0/107° L S/MPa f/MPa  £/107°  &,/% E/10° MPa
60 63.5 30.0 36 411 1920 HRB400 480 640 2432 15.8 2.00
C70 71.3 57.2 37 220 2 002
HRB500 576 721 2920 11.7 2.00
C75 78.0 63.6 37 809 2 066
C80 g2, 5 8.0 38150 5 110 HRB600 657 873 3310 10.7 2.00
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Tab.4 Basic mechanical properties of high-strength prestressed reinforcement
ik R LLBIRBR o,/ MPa  ZFJE GBI fo ,/MPa  HTROIREE f,/MPa S K FHINAE &, /%  #iHERE: £,/10° MPa
PC800 673 873 962 4.1 2.05
PC1 270 1194 1215 1 400 5.4 2.05
1 570 MPa ‘#{#% 1334 1413 1771 4.7 2.05
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Fig.5 Damage condition under peak load
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Tab.5 Test results

i S om0 p/%  fu/MPa £ /105 £./107% £./10°5 £./107° o, /MPa Sl
P MPa MPa ' ' ’ et 1
c-1 50.0 75 480 1.10 58.33 2178 2830 4250 2517  480.0 7
c-2 50.0 60 480 1.35 64.25 2320 3680 5000 2438  480.0 R
C-3 50.0 50 480 1.60 69.08 2526 3450 5500 2761  480.0 B
C-4 50.0 80 576 1.00 59.30 2030 2700 4150 1904  380.8 =
C-5 50.0 65 576 1.25 63.66 2350 3450 5535 2850  570.0 %
C-6 50.0 55 576 1.50 66.62 2870 3990 5900 3568  576.0 B
C-7 50.0 65 657 1.00 64.05 2851 3900 6200 4702 657.0 B
C-8 50.0 50 657 1.20 75.58 2691 4050 6570 4971 657.0 B
C-9 50.0 40 657 .40 7713 2941 4320 6800 4600  657.0 B
C-10 57.2 80 576 1.00 63.23 2362 3000 3830 1753 350.6 =
c-11 57.2 65 576 1.25 65.67 248 3080 4380 2576  515.2 =
c-12 57.2 55 576 1.50 67.14 2997 3570 5500 3148 576.0 B
c-13 57.2 100 657 1.00 63.02 2092 3000 4550 1468 293.6 #
C-14 57.2 85 657 1.20 63.40 2365 3270 4800 2237  447.4 =
c-15 57.2 75 657 1.40 64.01 2220 3600 6500 2866  573.2 %
C-16 57.2 65 1413 1.00 67.50 2566 4300 6900 2976  610.1 o
c-17 57.2 50 1413 1.20 73.00 3015 4600 7900 4750  973.8 =
C-18 57.2 40 1413 1.40 78.68 3416 5400 10100 4724  968.4 7
c-19 63.6 80 576 1..00 68.36 2343 3100 4560 1011 202.2 =
C-20 63.6 65 576 1.25 73.53 302 4000 6000 2530 5060 %
c-21 63.6 55 576 1.50 75.76 2713 4250 7000 2956  576.0 R
c-22 63.6 100 657 1..00 65.03 2568 3350 5200 1178 235.6 =
c-23 63.6 85 657 1.20 70.00 2132 3700 6900 1604 3208 %
C-24 63.6 75 657 1.40 76.60 3060 480 8900 2302  460.4 o
c-25 63.6 65 1413 1..00 71.64 253 5200 7200 2844  583.0 =
C-26 63.6 50 1413 1.20 74.84 2965 5200 7650 3451 707. 5 %
c-27 63.6 40 1413 1. 40 85.30 3240 6000 8250 4519  926.4 #
c-28 68.0 80 576 1.00 70.37 2310 2950 4480 1058 211.6 %
c-29 68.0 65 576 1.25 75.65 2503 3700 5900 2061  412.2 %
C-30 68.0 55 576 1.50 79.64 2659 4500 680 2550  510.0 =
C-31 68.0 65 657 1.00 7122 2464 2800 3900 1524 304.8 %
c-32 68.0 50 657 1.20 78.27 2726 3500 4750 2523 504.6 %
C-33 68.0 40 657 1.40 85.26 2953 4400 6900 1738 347.6 =
C-34 68.0 85 873 1.00 70.88 2516 3250 4750 1863  381.9 %
C-35 68.0 70 873 1.20 75.98 2766 3780 4350 2158  442.4 %
C-36 68.0 60 873 1.40 78.51 2831 4030 5000 2387  489.3 =
c-37 68.0 85 1215 1.00 7116 2521 3300 6000 1352 277.2 =
C-38 68.0 70 1215 1.20 75.59 2651 3780 6750 2695  552.5 =
C-39 68.0 60 1215 .40 80.57 3520 4970 7800 3348  686.3 %
C-40 68.0 65 1413 1.00 81.91 3114 4450 6750 2248  460.8 =
C-41 68.0 50 1413 1.20 §7.16 3242 4700 7100 3380  692.9 =
C-42 68.0 40 1413 1.40 90.68 385 7250 9900 5556 1139.0 %
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Tab.6 Prediction formula of tensile strain of stirrups under

peak compressive stress of confined concrete
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Fig. 15 Comparison of calculated and experimental values of prediction formula
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Tab.7 Tensile strain of stirrups under peak load calculated according to the minimum requirements of the code
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Fig. 16  Fitting curve of peak compressive stress
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Fig. 17  Fitting curve of peak compressive strain
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