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ABSTRACT To avoid abrupt torsional failure due to concrete crushing before yielding of torsional reinforcement and control the
diagonal crack width, design codes specify the limitations on the yield strength of torsional reinforcement of RC members. In 2012,
Korean Concrete Institute design code increased the allowable maximum yield strength of torsional reinforcement from 400 MPa to
500 MPa based on the analytical and experimental research results. Although there are many studies regarding the shear behavior of
RC members with high strength stirrups, limited studies of the RC members regarding the yield strength of torsional reinforcement
are available. In this study, twelve RC beams having different yield strength of torsional reinforcement and compressive strength of
concrete were tested. The experimental test results indicated that the torsional failure modes of RC beams were influenced by the
yield strength of torsional reinforcement and the compressive strength of concrete. The test beams with normal strength torsional
reinforcement showed torsional tension failure, while the test beams with high strength torsional reinforcement greater than 480 MPa
showed torsional compression failure. Therefore, additional analytical and experimental works on the RC members subjected to
torsion, especially the beams with high strength torsional reinforcement, are needed to find an allowable maximum yield strength of
torsional reinforcement.

Keywords : reinforced concrete members, high strength torsional reinforcement, torsional tension failure, high strength concrete,
space truss model
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Table 1 Compressive strength of concrete

Design Compressive strength
MP Average strength

strength (MPa) (MPa)
(MPa) Case-1 | Case-2 | Case-3

42 40.7 429 42.8 422

70 67.8 69.8 67.6 68.4

Table 2 Yield strength of steel rebars
SD300 SD400 SD600

fy Yield fy Yield fy Yield
(MPa) | strain | (MPa) | strain | (MPa) | strain

D13 340 |0.0019 | 480 |0.0024 | 667 |0.0032
D16 310 |0.0018| 466 |0.0024 | 653 |0.0031
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Table 3 Details of test specimens

) Longitudinal reinforcement Transverse reinforcement fu of, ACI max
Group | Specimens Y
Types 0 fi, MPa)|s (mm) | types P fi, (MPa)| (MPa) | (MPa) (MPa)
T1-C42S40 | 2-D13, 4-D16| 0.00998 317 130 | D13 | 0.01058 340 422 | 3.5972 3.2072
T1-C42S50 | 2-D13, 4-D16| 0.00998 469 130 | D13 | 0.01058 480 422 | 5.0784 3.2072
1 T1-C42S60 | 2-D13, 4-D16 | 0.00998 659 130 | D13 | 0.01058 667 422 | 7.0568 3.2072
T1-C70S40 | 2-D13, 4-D16| 0.00998 317 130 | D13 | 0.01058 340 68.4 | 3.5972 4.1405
T1-C70S50 | 2-D13, 4-D16 | 0.00998 469 130 | D13 | 0.01058 480 68.4 | 5.0784 4.1405
T1-C70S60 | 2-D13, 4-D16 | 0.00998 659 130 | D13 | 0.01058 667 68.4 | 7.0568 4.1405
T2-C42S40 8-D16 0.01513 310 70 | D13 | 0.01965 340 422 | 6.6810 3.2072
T2-C42S50 6-D16 0.01135 466 90 | D13 | 0.01528 480 422 | 7.3344 3.2072
- T2-C42S60 | 2-D13, 4-D16 | 0.00998 659 140 | D13 | 0.00983 667 422 | 6.5566 3.2072
T2-C70S40 8-D16 0.01513 310 70 | D13 | 0.01965 340 68.4 | 6.6810 4.1405
T2-C70S50 6-D16 0.01135 466 90 | D13 | 0.01528 480 68.4 | 7.3344 4.1405
T2-C70S60 | 2-D13, 4-D16 | 0.00998 659 140 | D13 | 0.00983 667 68.4 | 6.5566 4.1405
300 300 300
27 24T T 2,
=2 1 ]% g D13 |F8Dl6q| |82 DL, |r6-D161 I@ Z -2 1 F g
\Dl6 D13 (D16 D13

(a) Group-T1 section

(b) Group-T1, S40 section

Fig. 1 Sectional area and details of section (unit: mm)
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(c) Group-T2, S50 rebar specimens

Fig. 2 Configuration of test specimens (unit: mm)
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Fig. 3 Location of strain gauges (unit: mm)
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Fig. 4 Test specimen setup
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Fig. 5 Loading condition and measurements (unit: mm)
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Fig. 6 Torque vs. angle of twist curves of test specimens

Table 4 Test result

P T T 0

max u eq max

(kN) (kN - m) (rad/m)

T1-C42540| 127.48 44.62 42.58 0.0161

T1-C42850( 143.02 50.06 61.53 0.0191

T1-C42560| 136.11 47.64 85.78 0.0297

T1-C70S40| 145.11 50.79 42.58 0.0193

T1-C70S50( 143.02 50.06 61.53 0.0202

T1-C70S60| 144.13 50.45 85.78 0.0200
T2-C42540| 162.37 56.83 70.65 0.0293
T2-C42850( 152.02 53.21 78.61 0.0208

T2-C42560| 133.28 46.65 82.66 0.0202
T2-C70S40| 190.61 66.71 70.65 0.0315
T2-C70S50| 168.17 58.86 78.60 0.0226
T2-C70S60| 138.70 48.55 82.66 0.0194
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Fig. 7 Strain distribution of transverse steel bars
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Table 5 Steel yielding at torsional strength

Transverse Longitudinal

Specimens reinforcement reinforcement
side top side

T1-C42540 x O O
T1-C42S50 O x x
T1-C42S60 x x x
T1-C70S40 O O O
T1-C70S50 x x x
T1-C70S60 x x x
T2-C42S40 x x O
T2-C42S50 x x X
T2-C42S60 x x X
T2-C70S40 O O O
T2-C70S50 x O O
T2-C70S60 x x x

Note) x: steel did

not yield, o: steel yielded
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