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Experimental research of the seismic performance of frame columns strengthened
with high ductile concrete jacket and analysis of the limitation of axial load ratio

Deng Mingke Zhang Yangxi Chen Shangcheng
(Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: The reinforced concrete (RC) columns are vulnerable to small eccentric compression failures in severe
earthquake when the axial load ratio is at a high level. In order to change the failure modes and improve the
seismic performance of the RC columns under high axial load ratio, the high ductile concrete (HDC) jacket was
proposed to strengthen the RC columns. Six RC columns were designed and four of them were strengthened with
HDC jacket or ferrocement jacket. The influence of strengthening schemes and axial load ratios on the failure
modes, hysteresis performance, shear capacity, deformation capacity, energy dissipation capacity and stiffness
degradation of the specimens were studied by the low cyclic loading test. The experimental results show that the
failure mode of the RC columns was changed from small eccentric compression failure to large eccentric
compression failure and the vertical load-carrying capacity were stably maintained when the ultimate
displacements were reached. The bearing capacity, ductility and energy dissipation capacity of the RC columns
were significantly improved and the stiffness degradation rate was slowed down after strengthening with HDC
jackets. The area of the compression zone, the relative compression height and the limitation of the axial load
ratio of the columns were obviously increased after strengthening. Besides, the column still exhibited good
section deformation capacity.
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Fig.1 Dimensions of specimens and reinforcement details

®1 RHGEETESH

Table 1 Main parameters of specimens

e HE MRS 1t i) i 2% e R
H5 MK (mm) (kN) LHDEY (mmxmm)
/A R— — 572 0.80 250%250
z-2 ¥ 80x80 572 0.52 300%300
Z-3 HDC — 572 0.52 300300
Z-4 HDC 80%80 572 0.52 300%x300
A — — 715 1.00 250%250
Z-6 HDC 80%80 715 0.65 300x300
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6mm ) HPB300 447 ; ff z-2. Z-4 f1 Z-6 Jinl#
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Table 2 Performance Indicators of PVA
g KE O HB BORRIE BB kR wmE

Fh2 Mmm) d(um) f(MPa)  E(GPa) (%) p(g-em™)
PVA 12 39 1200 32 8 1.3
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Table 3 Material properties of steel
A F AR 2 HA&(mm)  f(N/mm®)  fuN/mm?) i3 (%)
HPB300 6 341 530 20.50
HPB335 8 424 578 22.70
HRB400 16 410 570 26.50
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Table 4 Mechanical properties of materials

ket TREE T HDC ¥4

1% (MPa) 36.5 59 54.9
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Fig.4 Failure patterns of specimens
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Fig.5 Hysteretic curves of specimens
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Table S Comparisons of characteristic load and displacement

JiE R W {15, e B 5, AR
R
Py Ay Py Am Py Ay ,U=Au/Ay 9=AU/H
Z-1 83.1 5.52 101.4 12.08 86.2 20.11 3.64 1/50
7-2 118.5 5.54 145.9 15.13 124.0 22.93 4.14 1/44
Z-3 114.3 7.03 137.9 18.61 117.2 39.51 5.62 1/25
7-4 116.0 5.69 141.4 13.13 120.2 24.01 4.22 1/41
Z-5 92.6 5.52 110.1 11.57 93.6 16.33 2.96 1/60
7Z-6 130.1 4.19 153.9 13.22 130.8 26.48 6.32 1/38
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Table 6 Energy dissipations of specimens
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Z-2 5333/3.55 27075/3.82 60766/2.23
Z-3 3989/2.65 34709/4.90 139681/5.13
Z-4 3772/2.51 22579/3.19 62700/2.30
Z-5 1274/1 6618/1 20698/1
Z-6 2530/1.98 23298/3.52 74375/3.59
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Fig.7 Curves of stiffness degradation of specimens
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