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RESEARCH ON THE SEISMIC PERFORMANCE OF HIGH-STRENGTH
CONCRETE COLUMNS WITH HIGH-STRENGTH STIRRUPS

SUN Zhi-guo*, SI Bing-jun®, "WANG Dong-sheng®, GUO Xun®, YU De-hai
(1. Institute of Road and Bridge Engineering, Dalian Maritime University, Dalian, Liaoning 116026, China;
2. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian, Liaoning 116024, China;

3. Institute of Engineering Mechanics, China Earthquake Administration, Harbin, Heilongjiang 150080, China)

Abstract: Reversed cyclic loading tests for 6 high-strength concrete (HSC) columns and 3 normal strength
concrete (NSC) columns (for comparison) are conducted to evaluate the seismic behavior of HSC columns with
high-strength stirrups (HSS). The failure patterns, hysteretic curves, ductility and dissipated energy parameters
and shear strength of the specimens are studied and compared with each other. It is found that the failure patterns
of the HSC columns are similar with NSC columns and all of them suffered flexural-shear failure modes. HSC
concrete will decrease the axial load ratio of the column, which will be beneficial for the ductility of the columns.
The shear strength of HSC columns with HSS are compared with ACI 318 and GB 50010-2002 codes, it is
founded that both the codes would overestimate the shear strength of the columns and one should pay more
attention in the design. The fiber element software USC_RC based on Mander model for confined concrete could
also be used to simulate the flexural strength of HSC columns with HSS.

Key words: structural engineering; high-strength concrete columns; high-strength stirrups; seismic behavior;
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Fig.1 Design details of the specimens
1
Table 1 Design details of the specimens
/mm /MPa
/(%) /(%)
Gl 300%300 2.0 54.2 4920 1.4 $6@80 0.51 0.05
G2 300%300 2.0 54.2 4922 17 $6@80 0.51 0.15
G3 300%300 15 64.4 4922 17 $6@60 0.69 0.15
G4 300%300 25 64.4 4922 17 $6@60 0.69 0.15
G5 300%300 2.0 60.6 4925 2.2 $6@60 0.69 0.05
G6 300%300 2.0 64.4 4925 2.2 $6@40 1.03 0.15
R3 300%300 25 424 4922 17 $6@60 0.69 0.09
R10 300%300 2.0 458 4920 1.4 $6@80 0.51 0.05

R18 300x300 2.0 48.4 425 2.2 06@40 1.03 0.23




130

2
Table 2 Properties for the reinforcing steel
/MPa /MPa /(%)
$20 467 701 29
22 444 641 30
25 423 632 30.4
o6 511 559 16.3
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Fig.2 Testing setup
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Table 3 Angles between major shear cracks and the
column axis
1€)
Gl 49.6 —
G2 45.0 —
G4 45.0 —
G5 48.1 —
G6 45.0 —
R3 56.3 38.3
R10 60.4 45.0
R18 45.0 —
G5
G3
3
Gl 1600
G2 G3 G4 G6
2500 G5
3000
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Fig.3 The failure patterns of HSC columns
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Fig.4 Hysteretic curves of the specimens
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Fig.5 Define of the ductility and dissipated energy parameters of the columns
4
Table 4 Comparison of the member ductility parameters
A/mm A,/mm Ha Ny RI(%) Ey Ly /4
Gl 38 213 5.6 40.7 3.55 59.35 407 178.2
G2 34 245 7.2 94.0 4.08 101.46 86.3 566.2
G3 31 10.4 34 22.7 2.31 20.63 219 38.6
G4 53 35.2 6.6 78.2 4.69 102.31 69.3 505.0
G5 4.1 22.7 55 447 3.78 46.6 40.2 179.1
G6 43 276 6.4 56.4 4.60 83.48 55.8 308.7
R3 49 325 6.6 61.3 433 84.0 55.3 342.4
R10 37 24.8 6.7 60.0 4.13 79.4 57.5 306.4
R18 4.6 24.8 5.4 45.4 4.13 59.3 47.7 225.1
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Fig.6 Seismic damage mode of RC columns
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Table 5 Comparison of shear strength between test results and

calculated value by current code
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Fig.7 Comparison of shear strength for HSC columns with HSS

G2 220 183 214 1.20 1.03
G4 178 223 245 0.80 0.73
G5 191 220 232 0.87 0.82
G6 273 290 324 0.94 0.84
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