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Torsional Strength and Behavior of
Steel Reinforced Concrete

(SRC) Members

Student: Syuan-Jhih Chen Adviser: Dr. Cheng-Chih Chen

Department of Civil Engineering

National Chiao Tung University

ABSTRACT

This study experimentalty-mvestigates the strength, behavior and calculation of
torsional strength of|steel reinforced concrete (SRC) members subjected to pure
torsion. Sixteen beam' specimens were designed to include design parameters of
structural steel;"closed stirrup, and longitudinal reinforcement. Test results indicate
that the SRC beams, enclosed 'the H-shaped structural steel, reached slightly higher
torsional strength than reinforced concrete beams did due to ithe low torsional
resistance of the H-shaped structural steel. However, the torque-twist curves for SRC
specimens were diffefent from those for RC specimens.;The torsional strength of the
SRC specimens gradually decréased and possessed better toughness after reached the
peak strength as indicated in the torque-twist curves. Increasing the amount of closed
stirrups can enhance the torsional strength of the SRC specimens. Specimens with No.
3@10 cm closed stirrups can develop higher torsional strength than calculated
strength followed the code, while specimens with 2-No. 3@ 10 cm closed stirrups can
not even attain the strength calculated by the code. Specimens enclosed different size
of the structural steel did not achieve consistent test results. In addition, increasing the
amount of longitudinal reinforcement can increase the torsional strength. Nevertheless,
the effect becomes little for specimens with higher amount of closed stirrups. The
structural steel did not yield while the SRC specimens reached the ultimate torsional
strength. Because the negligible contribution to the torsional strength compared with
RC beam, the H-shaped structural steel can be conservatively neglected to calculate
the torsional strength of SRC beam in practical design.

Keywords: steel reinforced concrete (SRC) member, torsional strength, closed stirrup
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7. 3.1 FM g

Specimen Stecl Transverse Lpngitudinal
reinforcement reinforcement
S1-RCt1e1 H 250x140x9x14 #3@15 cm 6-#4
S1-RCr2¢1 H 250x140x9x14 #3@10 cm 8-#4
S1-RCr3¢1 H 250x140%x9%14 | 2-#3@10 cm 10-#5
S1-RCr1€2 H 250x140x9x14 #3@15 cm 6-#5
S1-RCr2€2 H 250%x140x9x 14 #3@10 cm 8-#5
S1-RCz3€2 H 250x140%x9%14 | 2-#3@10,cm 10-#6
S2-RCt1e1 H 450%140%9x14 #3@15 em 6-#4
S2-RCr2¢1 H 450x140x9x14 #3@10cm 8-#4
S2-RCr3¢1 H 450x140%x9%x14 | 2-#3@10.cm 10-#5
S2-RCr1€2 H 450%x140%9% 14 #3@15 cm 6-#5
S2-RCr2€2 H 450%x140%9%14 #3@10 cm 8-#5
S2-RCz3€2 H 450%x140%9%14 | 2-#3(@10 cm LO-#6
RCr2¢1 — #3@10 cm 8-#4
RCz202 = #3@10 cm 8-#5
S1 H 250x140x9%14 = —
S2 H 450x140%9%14 — —
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232 MR ARVE L FNEERR

RC Steel
) ACI ACI ACI 318-05
Specimen | 318 05 | 318-89 0=45° Hsu
T.. (kN-m)| 7, (kN-m)| 7, (kN-m) | © |7, (kN-m)| T, (kN-m)
SI-RCrlel | 36.04 | 43.17 2662 | 45.12 | 26.51 5.10
S1-RC201 | 36.04 5291 39.93 46.46 | 37.94 5.10
S1-RC13¢1 | 36.04 82.11 79.85 45.92 | 7733 5.10
SI-RCr1e2 | 36.04%] 4317 26.62 38.63 [ #3331 5.10
SI-RCPe2 | 36,04 52.91 39.93 39.90 | 47.75 5.10
SI-RCAE2 | 36.04 82.11 79.85 34414 | 11778 5.10
S2-RCrlel | '36.04 | 4317 2662 | 4512 2651 6.26
S2-RC12¢1 | 36,04 | 52,91 39.93 46.46 | 37.94 6.26
S2-RC13¢1 | --36.04 82.11 79.85 45.92.| 77.33 6.26
S2-RCr1e2 | #936.04 | 4317 26.62 38.63'| 33.31 6.26
S2-RCPE2 | 73604 | 5291 39.93 39.90 | 47.75 6.26
S2-RCAE2 | 36.04 82.11 79.85 34,14 | 117.78 6.26
RCA201 36.04 52191 39.93 46.46. | 37.94 N
RCRE | 36.04 52.91 39.93 39.90 | 47.75 -

S1 - ~ — - — 5.10
S2 — X = b — 6.26
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333 T g SR TR S

G 274w 65 R % k35 B (MPa) &% B (Mpa)
2 4 ¥ 317 446
H 450x140x9x14 | "84 326 459
2] 4 ¥ 384 480
H 250x200x9x14 | *E4 334 465
#6 514 630
Hodsd 8 #5 533 753
#4 425 640
Bed it 5 #3 404 570

3 3.4 ERERR GRS 5 R

Specimen Je'(MPa)
S1-RCr1€1 28.73
S1-RCr2€1 30.69
S1-RC#3¢€1 30.11
S1-RCz1¢2 27.75
S1-RCr2€2 30.69
S1-RCr32 30.11
S2-RCr1€1 26.48
S2-RCiz2¢€1 30.20
S2-RCr3¢1 30.69
S2-RCr1€2 27.26
S2-RCr2¢2 20.13
S2-RCr3¢2 28.24
RCzr2€1 31.19
RCzr2¢2 25.60
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241 PERREPRELTRE

o b et I BAREERE &'V ERR
Specimen | | A ERR | BURERR | bt | HEnE
T.-(kN-m) T, (kN-m) ¢, (rad/m) ¢, (rad/m)

S1-RCr1el 35.08 64.99 0.0023 0.0446
S1-RCz2¢1 43.18 68.17 0.0040 0.0370
S1-RC#3el 43.51 91.18 0.0026 0.0347
S1-RCr1e2 30.28 56.61 0.0011 0.0282
S1-RCne2 35.54 82.34 0.0018 0.0309
S1-RCA3e2 30.28 93.04 0.0013 0.0250
S2-RCrlel 29.51 55.48 0.0017 0.0183
S2-RCr2¢1 36.05 68.37 0.0022 0.0232
S2-RC73¢1 36.25 77.38 0.0016 0.0300
S2-RCt162 39.14 66.8 0.0026 0.0227
S2-RCRe2 38.80 72149 0:0024 0.0273
S2-RCA3¢2 27.13 72.75 0.0013 0.0328
RC12€1 41.28 65.04 0.0028 0.0259
RCR02 40.01 69.83 0.0018 0.0239

4.2 B 5B Aot B a0 B B2 R

specimen fc' (MPa) T, er(test) (kN-m) T cr(calc) (kN-m) T cr(test) /T cr(calc)
S1-RCr1€1 28.73 35.08 36.78 0.95
S1-RCz2€1 30.69 43.18 38.02 1.14
S1-RCr3¢1 30.11 43.51 37.65 1.16
S1-RCr1e2 27.75 30.28 36.15 0.84
S1-RCr2¢2 30.69 35.54 38.02 0.93
S1-RCr3¢2 30.11 30.28 37.65 0.80
S2-RCt1€1 26.48 29.51 35.31 0.84
S2-RCr2¢€1 30.20 36.05 37.71 0.96
S2-RCr3¢1 30.69 36.25 38.02 0.95
S2-RCr1e2 27.26 39.14 35.83 1.09
S2-RCr2¢2 29.13 38.80 37.03 1.05
S2-RCr3¢2 28.24 27.13 36.47 0.74
RCz2e1 31.19 41.28 38.32 1.08
RCr2€2 25.60 40.01 34.72 1.15
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Compression
zone under
skew bending

T I

(a) Thin-walled nibe (b) Area enclosed by shear flow path
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