A Study on the Behavior of Reinforced Concrete Beams
under Pure Torsion
—on the Torsional Balanced-Steel Ratio—
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ABSTRACT

This paper proposes equations for balanced-steel ratio to predict the failure types in reinforced concrete
beams under pure torsion. Equations are theoretically derived using a space truss model and considering a
softening effect which reduces the strength of concrete due to the diagonal crack.

To investigate the validity of the proposed equations, experiments were conducted with 13 specimens. Corre-
lation between predicted failure types by balanced — sieel ratio and the experimental results in the literature was
good, but not for beams tested in this paper.
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H23H 4% 1990.12

H 6. ZEA Aol CHE ol &t AlHZ e HR
Aol g | siFgA |
AEE Fiy Fy P Pt l nE a=
(kg/em?) | (kg/cm?); (%) (%) D0 P Pio B
(%) (%) =k 2 3}
R—05 2880 | 2880 | 0586 | 1.136 |, 052 0107 |[U 132 | UR POR(1)*
R—0.75 4138 | 2880 | 1.045 | 1364 | 077 |0 107 [0 081 | COR [COR
R—1.0A 4138 | 2880 | 1.045 | 1.023 | 1.02 |[U 1.11 [0 0.84 | UR POR(D)*
R—1.0B 3542 | 2880 | 1.638 | 1573 | 1.04 |0 1.17 |0 111 | COR |COR
R—1.25 4138 | 2880 | 1.045 | 0.852 | 1.23 [U 1.1l [0 085 | COR [POR()*
R—15A 4138 | 2880 | 1.045 | 0705 | 148 |U 1.17 [0 0.89 | POR(1)| POR()*
R—15B 3542 | 2880 | 1638 | 1.076 | 152 |U 1.17 |0 111 | POR(1)| POR(1)*!
R—1.75 3542 | 2880 | 1.638 | 0.930 | 176 |U 1.07 [0 1.01 | COR [POR()*
R—2.0 3491 | 2880 | 2.362 | 1.203 | 196 |0 117 {0110 | COR [COR
S—0.75 4138 | 2880 | 1.050 | 1425 | 074 |0 1.36 |0 0.757 | POR() | COR*
S-1.0 3542 | 2880 | 1.645 | 1.663 | 0.99 [0 1.36 | O 0.941 | POR(1)| COR*
S=15 3542 | 2880 | 1.645 | 1.108 | 148 |U 1.36 |0 0.941| POR() | POR(
S—2.0 3491 | 2880 | 2372 | 1.174 | 202 U 149 [0 1.02 | COR [POR(1*
#) UR: (U+U9 #A$), POR: (U+0 =& 0+U9 #A$)
COR : (0+09 #A-), Ul (pSpm b= 7 -9),
O (po<pu pu<pe] Z-$), * Eolz
7 Yo o8 L2AYE] oEZR J1EL AlFZET Ve vl
1« [ A ok 4 s ¥ Y o
L/
A A p(%) p( %) - S EEE! E ]
Bl 0.534 0.537 U [1.31 U [134 UR UR
B2 0.827 0.823 U [1.35 U | 149 UR UR
B3 1.17 1.17 U [1.27 U [1.46 UR UR
B4 1.60 1.61 0 [141 0 | 157 POR COR*

[ B5 2.11 2.13 0 |1.27 0 150 COR COR @
[ B6 2.67 2.61 0 |1z26 0 [1.49 COR COR 1
B7 0.534 117 U [ 1.20 U | 1.35 UR UR
B8 0.534 2.61 U |1.23 0 [1.38 POR POR
B9 117 0.537 U [1.34 U | 1.40 UR UR
B0 2.67 0.537 0 [1.14 U |1.32 POR POR
M1 0.827 0.549 U [1.34 U | 140 UR UR
M2 1.17 0.781 U [1.35 U | 142 UR UR
M3 160 1.07 0 |1.23 U |1.36 POR | POR
M4 211 ] 142 0 | 1.24 0 1135 POR | COR*

M5 2.67 1.81 0 121 0 |1.40 ~ COR COR
M6 3.16 2.13 0 | 137 0 [ 153 ~_COR COR
C1 0.440 0.440 U [1.06 U | 153 UR UR

C2 0.800 0.808 U [1.08 U 149 UR UR |
C3 1.24 1.24 0111 U 157 UR ~_POR*
C4 1.76 1.76 0 [1.09 0 T160 COR COR
C5 2.40 2.36 0 114 1O 1160 COR ~_COR
. Cé6 3.16 3.20 0 |1.22 L0 [1.62 COR | COR |
R Y1
) k&l BMAYAd ! ——=16, CAY | —=1
Xy Xy
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E 8 gurgl WyA oo oist 7|Ee AgZAR ' o2 2e) d|m(Ref. 11 &X)
Fe P pw Al A A A (%) (ps A A/ (prv A4 )
Al A A" A [ A gpal Hus Chakra- X Chakra- | Mitchell
(Mp, (%) borty mitchell A A Hsu borty et al.
B [28.8] 145 1.48 1.49 1.45 1.60 0.98 0.97 1.00 0.91
D |27.9 1.37 1.39 1.43 1.39 1.50 0.99 0.96 0.99 0.91
1 |45.2) 1.81 2.27 1.84 1.79 2.10 0.80 0.98 1.01 0.86
J {158 1.01 0.79 1.08 1.05 0.80 1.28 0.94 0.96 1.26
G l289 1.30 1.45 1.47 1.32 1.60 0.90 0.88 0.99 0.81
N 1286 1.25 1.25 1.39 1.24 1.50 1.00 0.90 1.01 0.83
K [29.6] 0.98 1.02 1.47 0.98 1.40 0.96 0.67 1.00 0.70
C [27.1] 1.88 1.57 1.42 1.6 1.40 1.20 1.32 1.18 1.34
IF, %3 (1.00)1.01/(0.95)0.95{(1.03)1.02|(0.92)0.95
n =25 MR JT Asl) FZ3 5} ((0.093)0.145{(0.19)0.167(0.068)0.063[(0.20)0.21
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