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Abstract: In order to combine the advantage of constructional performance in prefabricated structures and that of
seismic performance in steel reinforced concrete structures, this paper presents two novel precast steel reinforced
columns, namely the partially precast steel reinforced concrete (PPSRC) column and the hollow precast steel
reinforced concrete (HPSRC) column. The PPSRC column consisted of a precast high-performance concrete outer
part and a cast-in-place conventional concrete inner-part, and the HPSRC column keeped the column core hollow
to further reduce the column deadweight. With the aim to investigate the seismic behavior of PPSRC and HPSRC
short columns, quasi-static tests of ten short column specimens were conducted. The failure patterns, hysteretic
loops, skeleton curves, stiffness degradation, deformability and energy dissipation of the test specimens were
analyzed and the effects of the section shape, concrete strength of inner-part, axial compression and longitudinal
and transverse reinforcement ratio on the cyclic behavior of PPSRC and HPSRC short columns, were then
critically investigated. The test results indicated that the PPSRC and HPSRC short columns with lower
longitudinal reinforcement ratios failed in flexural-shear mode and the rest specimens all suffered typical shear
failure. Meanwhile, no obvious longitudinal bond cracks were found on the column specimens, indicating the
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precast high-performance concrete outer-part could work compatibly with steel shape and cast-in-place part. Due

to the solid column core, the PPSRC columns exhibited more favorable deformability and energy dissipation

capacity than the HPSRC columns. Better cyclic performance can be found in the specimens with lower axial

compression, higher stirrup ratio or higher concrete strength of cast-in-place inner-part. Based on the test results
and current design codes, formulas to calculate the shear capacity of PPSRC and HPSRC short columns were

proposed, and the predicted shear strengths of the specimens agreed well with the test results.
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Fig. 1 Diagram of PPSRC and HPSRC columns
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Table 1 Parameters of test specimens
WG Pl Bimmx  NAN  fio/MPa  f, ;/MPa 9 Ll
) ' TN S P /(%) WA (1) fi 5 (o)

HPSRC-1 1.5 20 1200 923 — 2(HN175%90x5%8) 5.0 12618 3.4%)  P8@65 (1.26%)
HPSRC-2 1.5 7250 1200 92.3 — 2(HN175%90%x5x8) 5.0 12828 (8.2%)  $8@65 (1.26%)
HPSRC-3 1.5 s 1500 92.3 — 2(HN175%90%5x8) 5.0 1228 (82%)  $8@65 (1.26%)
HPSRC-4 1.5 250 1500 923 — 2(HN175x90x5x%8) 5.0 12828 (8.2%)  $8@40 (2.00%)
PPSRC-1 1.5 S 1200 92.3 31.97 2(HN175%90%5x8) 5.0 12818 3.4%)  P8@65 (1.26%)
PPSRC-2 1.5 S 1200 92.3 31.97 2(HN175%90%5x8) 5.0 1228 (82%)  $8@65 (1.26%)
PPSRC-3 1.5 S 1500 92.3 31.97 2(HN175%90x5%8) 5.0 12428 (8.2%) P8@65 (1.26%)
PPSRC-4 1.5 S 1500 92.3 62.63 2(HN175%90%5x8) 5.0 12628 (8.2%)  P8@65 (1.26%)
PPSRC-5 1.5 S 1500 92.3 31.97 2(HN175%90%5x8) 5.0 1228 (82%)  $8@40 (2.00%)
PPSRC-6 1.5 S 1500 923 92.30 2(HN175%90x5%8) 5.0 12828 (8.2%)  P8@65 (1.26%)
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Fig. 8 Hysteretic loops of test specimens
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Fig. 9 Skeleton curves of test specimens
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Table 4 Summary of test results

NS IR a1 A, /mm P, [kN 4, /mm P, /kN P /KN Equm /(KN-m) u u
" 1EM 10.04 572.33 22.50 690.91 2.24

HPSRC-1 TEIIR 690.03 91.40 231
| 9.44 579.06 22.48 689.14 238
» 1E) 9.03 640.13 21.67 754.83 2.40

HPSRC-2 GIR7IE 22N 751.49 126.14 231
| 9.93 637.10 21.95 748.14 2.21
o 1EM 13.17 558.41 24.90 698.76 1.89

HPSRC-3 EuRvIL 27 760.07 107.91 1.92
G| 12.82 733.37 25.00 821.37 1.95
. EM 7.08 790.34 23.58 912.31 333

HPSRC-4 BIUIRR 811.68 144.15 3.03
| 9.14 646.42 24.95 711.05 2.73
N 1E) 8.13 548.98 22.49 698.49 277

PPSRC-1 L ERLER 669.56 123.53 2.67
| 8.74 534.83 22.46 640.63 2.57
o 1EM 13.23 733.37 30.00 843.58 227

PPSRC-2 EuRvIL 27 854.19 208.26 2.47
G| 11.21 699.97 29.82 864.79 2.66
. EM 14.05 636.75 29.79 812.76 2.12

PPSRC-3 BRI 889.93 201.80 2.05
| 15.15 830.76 30.00 967.09 1.98
» 1E) 6.11 739.90 30.00 967.55 491

PPSRC-4 GIR7IE 22N 898.60 317.59 4.43
fia) 7.53 734.98 29.74 829.64 3.95
o 1EM 9.29 774.28 30.01 964.09 323

PPSRC-5 EuRvIL 27 926.29 288.05 3.12
G| 9.95 789.01 29.85 888.49 3.00
I EM 7.86 828.30 30.28 975.34 3.85

PPSRC-6 BIUIRR 982.17 386.50 3.89
i) 8.14 847.61 32.00 988.99 3.93
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Fig. 11 Determination of yield point of specimens
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Fig. 12 Cumulative energy dissipation of test specimens
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Table 5 Comparison of test and predicted results

WRIERES  BEER V./AN Vo kN Vo V. Ve, /KN Vo/V.
HPSRC-1 20 690.03 69944 101 699.44  1.01
HPSRC-2 %50 75149 69423 092 69423  0.92
HPSRC-3 il 760.07  711.03 094  711.03  0.94
HPSRC-4 0  811.68 81096 1.00 81096  1.00
PPSRC-1 Tl 669.56  769.39 115 707.00  1.06
PPSRC-2 Sl 85419 76048  0.89 70156 0.82
PPSRC-3 el 889.93 77728 087 71836  0.81
PPSRC-4 Sl 898.60  788.65  0.88 75230  0.84
PPSRC-5 Sl 92629 87721 095 81829  0.88
PPSRC-6 Sl 98217 80695  0.82 80695  0.82
FHIE 0.94 0.91
AR 0.10 0.10
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