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Axial Behavior of Reinforced Concrete Columns Externally Strengthened
with Unbonded Wire Rope and T-Shaped Steel Plate

Keun-Hyeok Yangl)*, Jae-Il Sim", and Hang-Yong Byunz)
YDepartment of Architectural Engineering, Mokpo University, Muan-gun 534-729, Korea
PKorea E&C. Co., Ltd., Hwasun-gun 519-807, Korea

ABSTRACT An improved unbonded-type column strengthening procedure using wire rope and T-shaped steel plate units was
proposed. Eight strengthened columns and an unstrengthened control column were tested under concentric axial load. The main
variables considered were the volume ratio of wire rope and the flange width and configuration of T-shaped steel plates. Axial load
capacity and ductility ratio of columns tested were compared with predictions obtained from the equation specified in ACI 318-
05 and those of conventionally tied columns tested by Chung et al., respectively. In addition, a mathematical model was proposed
to evaluate the complete stress-strain relationship of concrete confined by the wire rope and T-plate units. Test results showed that
the axial load capacity and ductility of columns increased with the increase of the volume ratio of wire rope and the flange width
of T-plates. In particular, at the same lateral reinforcement index, a much higher ductility ratio was observed in the strengthened
columns having the volume ratio of wire rope above 0.0039 than in the tied columns. A mathematical model for the stress-strain
relationship of confined concrete using the proposed strengthening procedure is developed. The predicted stress-strain curves were
in good agreement with test results.
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Fig. 1 Details of column strengthening procedure
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Table 1 Detail of specimens

p Details of wire rope units | Details of T-plates
Specimen| 7<%
P (MPa) | o P |y | TP
N 24.4 None

L40-35 | 259 40 0.0078

L60-35 | 25.9 60 0.0052 35

L80-35 | 25.5 80 0.0039 L
L120-35 | 24.4 120 0.0026

L60-25 | 25.5 0.0052 25

L60-45 | 25.7 60 0.0052 45

160-35 | 26.0 0.0052 35 I

160-45 | 25.7 0.0052 45

Note) £, = concrete compressive strength, s,, = spacing of wire
rope units, o, =volume ratio of wire ropes, and b,= flange
width of T-plates
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Fig. 2 Details of specimens (unit: mm)
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Table 2 Mechanical properties of the used metallic materials
Dia. b o E,

Type (mm) | MPa) | % | MPa) | (GPa)
Reinforcing 16 391 0.002 580 191.6
bar 6* 388 0.00389 423 205.8
Steel plate - 274 0.00142 377 193.3
Eye-bolt 10* 412 0.00413 491 193.6
Wire rope 6.3 - - 1796 129.4

Note) f;, &, fu» and Egindicate yield strength, yield strain, tensile
strength, and elastic modulus of the metallic materials, respectively.
* The yield strength of 6 mm diameter reinforcement and 10 mm
eye-bolt were obtained from 0.2% offset method.
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Fig. 4 Typical crack propagation and failure mode (L60-35)
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Table 3 Test results and predictions by ACI 318-05

Test results

Specimen| P P, @Poact | Pr)xp.
kN) | (kN) &8s 0 &N) | (P,) acr

N 2204.2 | 2384.7 | 0.0030 | 0.76 | 2450.2 0.97
L40-35 |2434.4(29104 |0.0208 | 5.20 | 2548.5 1.14
L60-35 |2377.7|2742.20.0149| 3.73 | 2548.5 1.08
L80-35 |2307.7 | 2584.1 | 0.0080 | 1.99 | 25224 1.02
L120-35 | 2352.9 | 2474.9 | 0.0047 | 1.17 | 2450.2 1.01
L60-25 |2357.3|2680.2 | 0.0071 | 1.76 | 25224 1.06
L60-45 |2430.2 | 2820.5 [ 0.0159| 3.98 | 25323 1.11
160-35 | 2245.7 | 2675.0 | 0.0067 | 1.67 | 2554.1 1.05
160-45 | 2335.5|2672.0|0.0072 | 1.80 | 2532.3 1.06

Note) P.,. = load at which first crack occurred, P,.= axial load

capacity, &g = strain of column corresponding to 0.85 times the

axial load capacity in declined curve, and P, = ductility ratio

defined in Eq. (2)

*(Pwacr = 0.85c(4g — A5) + Af,, where A, = gross area of col-
umns, and 4, and f, =total area and yield strength of lon-

gitudinal reinforcement arranged in columns, respectively
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Fig. 5 Axial strain against axial load (symbols [1 and O indi-
cate that the lateral buckling of T-plates and rupture of
wire ropes, respectively)
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Experiments/predictions

results

Jee (MPa)

(C"CC

(.fc‘c)Exp. / (.fc“c)Pre. (gcc)Exp. / ( gcc)Pre.

Specimen
o |,
(MP a) cc

R-S | S-S

This
study

C | RS

S-S

This |« | ps|ss| ™| ¢ |Rrs|ss | THS
study study study

LA40-35 | 27.0 |0.0029| 22.6

24.0 | 27.7

279

0.00430.0022{0.0080| 27.9 |1.196|1.1260.975|0.967| 0.662 | 1.281 | 0.357 | 0.897

L60-35 | 24.7 0.0027| 22.3

233|271

249

0.0039/0.0021{0.0073| 24.9 | 1.105|1.061{0.913]0.990| 0.712 | 1.287 | 0.374 | 0.983

L80-35 | 22.5 |0.0027| 21.9

22.6 | 263

235

0.0036(0.0021{0.0069| 23.5 | 1.030|0.998|0.856|0.961 | 0.747 | 1.296 | 0.393 | 1.027

L120-35| 21.0 |0.0026( 20.8

21.2 | 249

21.6

0.0034/0.0021{0.0063| 21.6 | 1.011]0.991|0.847(0.975]0.775| 1.286 | 0.422 | 1.052
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Average

1.091|1.048|0.901|0.984|0.718 | 1.287 | 0.382 {0.995

Standard deviation

0.063{0.0510.046|0.023 | 0.034 | 0.019] 0.020 | 0.049

* Models proposed by Chung et al.,
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Razvi and Saatcioglu, and Sakino and Sun are represented as C, R-S, and S-S, respectively
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Fig. 10 Comparisons of experimental and analytical stress-
strain curves of confined concrete
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