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Evaluation of Minimum Spiral Reinforcement Ratio of Circular RC Columns

Young-Seek Kim', Hyeong-Gook Kim?, Cheon-Beom Park’, Sang-Woo Kim®, Kil-Hee Kim™*

Abstract: Spiral reinforcement in a circular column plays an effective role in the ductile behavior of a column through position fixing and buckling
restraining of the longitudinal reinforcement, and confining core-concrete. Each country has suggested the minimum volumetric ratio of spiral
reinforcement in order to secure the ductility of concrete columns. The minimum volumetric ratio of spiral reinforcement suggested by ACI 318-14
and the national concrete structure design standard was developed based on the theory of Richard et al. (1928); furthermore it has been used until
now. However, their theory cannot consider the effects of high strength concrete and high strength reinforcement, and arrangement condition of the
spiral reinforcement. In this study, a modified minimum volumetric ratio equation is suggested, which is required to improve the ductility of reinforced
concrete circular columns and to recover their stress. The modified minimum volumetric ratio equation suggested here considers the effect of the
compressive strength of concrete, the yield strength of spiral reinforcement, the cross sectional area of columns, the pitch of spiral reinforcements and
the diameter of spiral reinforcement. In this paper, the validity of the minimum volumetric ratios from ACI 318-14 and this study was investigated
and compared based on the results of uniaxial compression experiment for specimens in which the material strength and the spiral reinforcements ratio
were used as variables. In the end of the study, the modification method for the suggested equation was examined.
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Yield strength Tensile strength ~ Yield

Type  Barsize = py (MPa) strain
Longitudinal =, 5 4835 562.3 0.0026
reinforcement
Spiral 6 393.9 437.0 0.0023
reinforcement  * 827.3 878.2 0.0048
1000
800
= 6004
[a
=)
£ 400
7
2004 — N
= Longitudinal reinforcement
—O—Spiral reinforcement (f) =400MPa)
0 —C— Spiral reinforcement (f =800MPa)
0.00 0.01 0.02 0.03
Strain
Fig. 4 Stress-strain relationship of reinforcements
0.03
0.02+ P
n -
Cod
QU .7
0.01 o7
/
/
/ ——ACI 318-14
0.00 . - —' Modified (Eq. 9)
0 30 fm (MPa) 60 90
(@) Normal-strength spiral (f,, = 400)Pa)
0.03
0.02
Q -z~
0.011 N
—~ -
v
/
y, —— ACI 318-14
0.00 . - —' Modified (Eq. 9)
0 30 90

(b) High-strength spiral (f

yt

Fig. 5 Analysis results for minimum spiral reinforcement ratio

£, (MPa) 60

=800 MPa)

=2 M2 M62(2017. 1)

& ZKSF 24051 %8}04 Y 3FATE Fig. 3-2 AN
H FAA 2] P S H-HEE IAE e, vl =
SAA ] Bt = lC‘—.—}25.6MPa3’+72.5 MPa = Al
Atk

HAIZAYE 7|5 AHSE F8
‘OE EL A].%Q ‘/]'}‘17“]‘_‘_¢65mm]]7ﬂ«] JﬁﬂiJ:L
olt}, AZAAAI -2 KS B 080201

ZA 3= Table 39} Fig. 40 YERAATH

32 ABH A

o] Aol A
AT o) tIg ACI 318-149F 4 H &
= Hlw 2 Hrelr] 918k, 15 mme) v BEZIYEES 2t
0] 1,000 mm | AIZIYE Y758
MNE AZsHAT. @_fﬂxﬂ«l AAN AHEE Fa W

N

<

rl

= 217 250 mm,

 x)o=
=d3aE

Table 4 Properties of specimens
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Notation
A, : area of the confined concrete
A, : total area of the column
A,, : area of spiral reinforcement
d,, : diameter of spiral reinforcement
/. : compressive strength of unconfined concrete
f'. : compressive strength of concrete

=2 M2 M62(2017. 1)

f, :yield strength of longitudinal reinforcement

[, yield strength of spiral reinforcement

m . fy/(0-85f{$:)

N : design axial load at ultimate limit state to be taken as
positive for compression and negative for tension, V

P : design axial load

p, :ratio of longitudinal reinforcement

p, :ratio of volume of spiral reinforcement to total volume
of concrete core
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