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ABSTRACT The present study reports a simple unbonded-type shear strengthening technique for reinforced concrete beams
using wire rope units. Fifteen beams failed in shear were repaired and strengthened with wire rope units, and then retested to failure.
Influence of the prestressing force, orientation and spacing of wire rope units on the shear behavior of strengthened beams having
shear span-to-depth ratios of 1.5, 2.5, or 3.25 were investigated. Test results showed that beams strengthened with wire rope units
exhibited a higher shear strength and a larger post-failure deformation than the corresponding original beams. Inclined wire rope
units was more effective for shear strength enhancement than vertical wire rope units. The increase of the prestressing force in wire
rope units causes the decrease of the principal tensile stress in concrete, as a result, the diagonal tensile cracking strength of
strengthened beams was higher than that of the corresponding original beams. Shear capacity of strengthened beams is compared
with predictions obtained from ACI 318-05 and EC 2. Shear capacity of strengthened beams having shear span-to-depth ratio below
2.5 is reasonably predicted using ACI 318-05 formula. On the other hand, EC 2 overestimates the shear transfer capacity of wire
rope units for beams having shear span-to-depth ratio above 2.5.
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technique (unit: mm)
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Table 1 Detail of test specimens

Table 2 Mechanical properties of metallic materials

Details of wire rope unit
Beam| f, 1
no. [(MPa) a Conﬁgura- Sy F; T L Pw

tion |(mm)| (kN) |(Nm)| £, (%)

1 }245 Only repair None
2 1245(1.5]| Vertical 0.064
150 | 464 | 35 | 053 ——
3 225 Inclined 0.090

4 (247 Only repair None
5 1247 Vertical 0.064
332 25 | 038 ——
6 |245 Inclined 0.090
7 |24.1]25| Vertical 0.064
150 [ 464 | 35 053 ——
g 1225 Inclined 0.090
9 |225 Vertical 0.064
60 | 45 | 0.69 I——
10 |20.6 Inclined 0.090

11 | 247 Only repair None
12 | 245 Vertical 0.064
150 35 1053 ——
13 | 22.5(3.25| Inclined 164 0.090
14 | 248 Vertical | 100 | | 26 | 0.4 |0.096
15 1206 Vertical | 200 52 | 0.8 {0.048

Note : f.,=compressive strength of concrete, a=shear span, d=
effective section depth, s,,=spacing of wire rope unit, F;=total
prestressing force in a wire rope unit, T=initial torque, f;=initial
prestress in wire rope, f,,,~tensile strength of wire rope, p,=wire
rope unit ratio, {=44,,(sinff+cosf)/b,s,}, A,1=clear area of
wire rope, S=angle of wire rope to longitudinal beam axis, b,,=
beam width
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Table 3 Details of test results

Original After repair and strengthening

Beam
o | T Ve | Ve | Ve | Va Feds| Vs
RN | (N | (6N | 6N | 6N T | Ty
1 633 | 1005 | 163.0 | 87.5 | 135.5 | 0.871 | 0.831
2 64.1 | 102.9 | 152.5 | 137.0 | 234.3 | 1.331 | 1.541
3 62.6 | 99.9 | 149.5 | 107.0 | 259.0 | 1.071 | 1.732
4 284 | 89.2 | 904 | 79.0 | 80.0 | 0.886 | 0.885
5 333 | 81.1 | 833 | 96.0 | 118.5 | 1.184 | 1.321
6 392 | 80.3 | 823 | 91.5 | 129.7 | 1.139 | 1.482
7 333 | 85.7 | 87.9 | 95.0 | 1255 1.109 | 1.428
8 343 | 80.8 | 81.0 | 99.0 | 131.0 | 1.225 | L.617
9 344 | 769 | 769 | 852 | 133.1] 1.108 | 1.731
10 | 372 ] 709 | 72.0 | 106.0 | 138.2 | 1.495 | 1.917
11 25.8 | 70.8 | 71.1 | 642 | 64.1 | 0.907 | 0.900
12 | 265 | 759 | 76.8 | 82.0 | 90.0 [ 1.080 | 1.172
13 | 289 | 70.7 | 71.8 | 70.0 | 93.5 | 0.990 | 1.302
14 | 260 | 751 | 76.7 | 90.3 | 100.1 | 1.202 | 1.304
15 | 231} 676 | 705 | 66.5 | 82.8 | 0.984 | 1.174

Note : Vy=flexure crack shear strength, V. =diagonal shear
crack strength, ¥,=ultimate shear strength.

Subscripts F and S indicate original beams and repaired or
strengthened beams, respectively.
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Fig. 9 Strut-and-tie model based on ACI 318-05
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Table 4 Comparisons of experimental and predicted shear
strength of strengthened beams

(Vﬂ)Pre.
(Vn)Exp_
Exp. |ACI318-05 EC 2 |ACI 318-05 EC 2

Beam V, (kKN)
no.

1 135.5 149.0 100.3 1.100 0.741
2 2343 192.7 1813 0.822 0.774
3 259.0 198.6 212.0 0.767 0.819
4 80.0 65.1 75.5 0.814 0.943
5 118.5 108.8 199.9 0.989 1.817
6 129.7 126.7 251.3 1.038 2.059
7 125.5 108.1 155.8 0.861 1.241
8 131.0 1243 187.6 0.949 1.432
9 133.1 106.2 1354 0.798 1.017
10 138.2 121.9 159.0 0.884 1.152

[y
—

64.1 63.3 75.5 0.989 1.179
12 90.0 106.8 156.2 1.186 1.736
13 935 1533 2449 1.640 2619
14 100.1 128.9 256.2 1.289 2.562
15 82.8 91.1 101.1 1.100 1.222
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