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Abstract

With the steady increase in the annual number of earthquakes in South Korea, the need to apply seismic reinforcement on public facilities
has recently increased. To reinforce seismic capacity, spaced full-column-height steel bars are attached to column faces. In this study,
nonlinear finite element analysis was conducted to analyze the effect of external reinforcement steel bars on the seismic capacity of RC
columns with a square or rectangular cross-section. For verification, the analysis results were compared with test results. Results showed that
the finite element analysis reasonably predicted the actual structural behavior of RC columns with steel bars. In addition, both the analysis and
the test results showed that the failure mode was converted from brittle failure to ductile fracture, owing to the external reinforcement steel
bars. Both loading capacity and ductility were increased as well. Therefore, the external reinforcement steel bar can effectively enhance the
seismic capacity of existing RC columns. This study is expected to contribute to relevant research areas such as the development of design

methods.

Keywords : external reinforcement, seismic, ductility, confinement effect, nonlinear analysis
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Fig. 1 Conceptual design of a column reinforced with steel bars
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Table 1 Summary of test specimens
Specimen Cross-section Axial Shear Axial force External steel bar
P reinforcement reinforcement (kN) spacing (mm)
C40NR
400 x 400 12 x H12 D13@300 384 flone
C40FR20 2 legs 200
C120NR
400 x 1200 28 x H12 D13@300 1000 fone
CI20FR20 4 legs 200
Table 2 Material properties of rebar and External steel bar stiffener
Rebar and External steel bar stiffener f, (MPa) E, (MPa) /., (MPa)
D13 360 163,000 505
Ist H25 458 171,000 583
SM45C 343 200,000 569
D13 385 176,000 588
2nd H25 458 180,000 608
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Table 3 Maximum load capacity

Specimen Vinax.test Vixer Viax.anal Viacxer! Viaxotest Visaxanat! Viax.test Note
C40NR (1st) 305.2 203.5 304.1 0.67 1.00 Shear failure
C40FR20 (1st) 375.0 276.7 405.4 0.74 1.08 Flexural failure
C40NR (2nd) 295.1 206.2 310.9 0.70 1.05 Shear failure
C40FR20 (2nd) 375.1 291.6 407.3 0.78 1.08 Flexural failure
CI20NR (1st) 744.4 531.9 679.0 0.71 091 Shear failure
C120FR20 (1st) 827.2 591.5 980.7 0.72 1.19 Flexural failure
Avg 0.72 1.05
CoV 0.05 0.09
Table 4 Displacement at 80% of maximum load after maximum load
Specimen Orest anal (surzul/ Oest
C40NR (1st) 21.85 15.54 0.71
C40FR20 (1st) 50.90 39.41 0.77
C40NR (2nd) 21.70 19.78 0.91
C40FR20 (2nd) 55.50 43.63 0.79
CI120NR (1st) 21.65 14.00 0.65
C120FR20 (1st) 32.30 39.47 1.22
Avg 0.84
CoV 0.24
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Appendix Constitutive relations
Model Stress-Strain relationship
Hognestad €. e\
Pre-peak — prlo| Lo | L
p (1955) fe f”l(%) (Go)
MOdlfled fm :fp _mep(Em' _667)5> 02fp7 6(: >€p
_ Z = .
Post-peak Kent and Park - 310297 L 7o
(1982) ¥ . I LT
145f, — 1000 0.002 170 P
f:z) = ﬁdfc/’ Ep = ﬁdeo
1
=<1
. . B 1+C « G
Compression Vecchio et al. f
: 0 if r<0.28 €&
softening (1993) :{ . =y
G 0.35(r—0.28)"%0 if r>028"" " ¢, = 00
= {0 if shear slip 'considered
s 0.55 if shear slip considered
Concrete f = Y §
1 n y
Pre-yield Wong et al. L+ /3.6, « €
tension stiffening (2013) A,
t, =06, M=
Zdbﬂ'
2
o, €t,pcak - €t,zwg
fctpaak fct,.pcak'( Et,peak — Esy )
ft — for Esy = etlw_q = Et.peak
v fct,peak 70'5fut,pcak,p i
f(:t?p(-’ak - 0.1 7€t.[)eak (et.m;g - et,peak) = 0'5'f(‘,f,.pﬁak4p“m
Post-yield Lee et al. for €, ug = €1 pear
tension stiffening (2011) et E,
Y
€ pear = 0:014+0.001 » max(15—d,,0)> ¢,
fct.[}cak‘ = (7 0"0313/)3.57(11) + 3388110876) V fc/
. fzrt,m,v
fscr = fs,a'v_(/ + ps 5
fi = E, «¢ ,0=¢ =g,
Monotonic Tri-linear = J, € =€ = €
= fy +E‘5h (6' _esh ) > Es > Esh
- Reloading portion
E —F
=FE (e —¢)+ —-— o (e —¢,)"
fe T ( i 0) N(Em _ EO)N—] ( i O)
Rebar A A
fm - E; (Em - EU)
Hysterieis under Seckin
ycyclic load (1981) b=k (G —a)<s,
= I 1.05_0.05(6,” —e())/ey} , €, < (em —eo)é de,
= E; > 46;1/ < (Em 760)
- Unloading portion
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