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ABSTRACT Cast-in-place concrete-filled hollow PC (HPC) columns are used to reduce lifting load of heavy-weight PC columns
and to improve the structural integrity of joints. In the present study, a new type of HPC column was proposed to improve the
productivity and structural integrity of the concrete. To form the hollow PC columns, a permanent inner form was prefabricated using
structural deck plates and penetrated lateral bars. Half-scale specimens of four HPC columns were tested under combined axial
compression and lateral cyclic loading to evaluate the seismic resistance. In the design of test specimens, various parameters such as
the spacing of lateral re-bars, the use of steel fiber, and the thickness of PC cover were considered. The test results showed that the
proposed HPC columns generally exhibited satisfactory load-carrying capacity and deformation capacity without brittle failure of
PC. If closely spaced hoops or fiber reinforcements are used for PC, the deformation capacity can be improved further by restraining

PC spalling.
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Fig. 2 Manufacturing sequence of proposed HPC column
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(d) Placement of
longitudinal bars
and hoop bars

(e) Casting of (f) Casting of inner
precast concrete concrete
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Fig. 3 Details of test specimens
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Table 1 Test parameters

Specimens HPC-1 | HPC-2 | HPC-3 | HPC-4

Dimension of
cross section
(mmx>mm)

700x700 | 700x700 | 700x700 | 700700

Half precast

ordinary | ordinary | FRC | ordinary

concrete
Thickness (mm) 90 90 90 120
Dimension of
inner form 520%520(520%520 [ 520x520 | 460x460
(mmx>mm)

PC Concrete

strength (MPa) 27.1 271 24.3 27.1

Inner concrete

strength (MPa) 21.6 21.6 24.5 21.6

10-D29 | 10-D29 | 10-D29 | 10-D29

Longitudinal bars 6-D25 | 6-D25 | 6-D25 | 6-D25

Yield strength f, 504 504 504 504

(MPa) 489 489 489 489
Tensile strength f,| 615 615 615 615
(MPa) 637 637 637 637

234 23.4 234 23.4

Elongation (%) 16.3 16.3 16.3 16.3

Re-bar ratio (%) (1.3 / 0.6/1.3 / 0.6/1.3 / 0.6/1.3 / 0.6

Lateral bars DI3@175|D13@100 D13@175|D13@175

Yield strength

(MPa) 400 400 400 400

Tensile strength f,

(MPa) 639 639 639 639

Elongation (%) 18.3 18.3 18.3 18.3
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(a) Internal Mold (b) Reinforcements

Fig. 5 Manufacturing process of specimens
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(¢) Precast Concrete

(a) Symmetric placement (b) Asymmetric placement
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Fig. 4 Neutral axis variance according to re-bar ratio
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Table 3 Loading program

Table 2= %?_E]E PhEE vEhd . Pc_ljr EGRE Lateral drift ratio Lateral drift
ZAgES vigdEE 24 MPao|th A EAE Ay} pC No. of cycles (%) (mm)
- ZAES e ANt I EMHPC-1, HPC-2, HPC-4) 3 cycles 4025 403
o] A5 27.1 MPao| 9l o.M, ZHA{ 2 E(HPC-3)] 7 3 cycles 40,50 1185
F 243 MPaCl3lH}. o7 FAYEY s 747 3 cycles 075 78

- eTrety meems meee 3 cycles +1.30 +48.1

3 cycles +1.69 +62.5

Table 2 Mixture proportions of concrete 3 cycles .20 +81.4
Design | W/C Unit weight (kg/m®) 3 cycles +2.86 +105.8
strength| (%) | Water |Cement| Sand | Gravel | AD 3 cycles +3.71 +137.3

24 49.9 173 347 829 902 2.4 3 cycles +4.83 +178.7
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Fig. 6 Test setup
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Fig. 7 Lateral load-drift ratio relationships of column specimens
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o] dAsItt. FE2e] v wjFo® lsto] AW = PCH-9] gefo] mh=A P HA Ho (3]
3 shao] W sFuct 2 Ao L +1.94%) O1FHE] dhFo] rasy] AZairh ey
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Table 4 Summary of test results

Load-carrying capacity Deformation capacity . .
. — - - - - - - — Yield stiffness
Specimens |Prediction P,| Peak strength | Drift ratio at | Yield drift | Maximum drift| Ductility k. (kKN/mm)
(kN) P, (kN) P, (%) ratio 6, (%) | ratio &, (%) | p (=4,/6,) Y
HPC-1 ) +511 +517 2.46 1.46 3.57 2.44 9.58
) ) -320 -338 -3.60 -0.86 -3.70 4.28 10.5
) +511 +500 3.23 1.48 4.49 3.03 9.14
HPC-2
) -320 -352 -3.50 -0.99 -3.57 3.63 9.67
) +522 +522 2.42 1.34 4.57 3.41 10.5
HPC-3
) -369 -391 -3.50 -1.08 -4.68 433 9.8
) +508 +505 1.94 1.32 3.62 2.75 10.4
HPC-4
) -320 -353 -1.65 -0.95 -3.70 3.90 10.0
o w = Qo] shd o W eln] -4.704.83% 42 IR
A B AAL shgol Al AT HARE
A g5 HPC-3> 1o &% shgo] 23] AA HPC-12 Fd 9 Bt w2 o= Qs K
g Z7bsleld, ol AdFel F9o] AFIE 1,300 kN 7H A QIGH o] &S WLIH] -0.99%l4 7]F sk
B} 717 wiEolth. o] & Qldte] F8o] 2,030 kN & Fob 712 AAMAA L] dhe] A=k Frre
m FHAE P, = -369 kKNO.Z TVt th(Fig. 7(c)). o] AL W] 1.54%°1A skl W]
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Fig. 8 Failure mode and cracking patterns of column specimens at the end of test
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Fig. 9 Strength degradation due to cyclic loading in positive
loading
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Fig. 10 Energy dissipation capacity of column specimens
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Fig. 11 Shear distortion of column specimens
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Fig. 12 Measured strains of lateral bars
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