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STRENGTH AND DEFLECTION OF REINFORCED CONCRETE MEMBERS
SUBJECTED TO COMBINED BENDING, SHEAR AND TORSION

] A = A* - K R E R

By Takahisa OKAMOTO and Shigeyoshi NAGATAKI

Theoretical expressions for the ultimate strengths and the deformations of reinforced

concrete members subjected to combined bending, shear and torsion are described.

They are based on a space truss model. Equilibrium and compatibility are considered

and the obtained equations involve the behaviours at ultimate of the concrete struts

among diagonal cracks, the locations of centroid of shear flows and the distributions of

shear strains at the vertical face where the vertical shear stresses and the torsional

stresses are additive and the other vertical face where the vertical shear stress and tor-

sional stresses are subtractive. The proposed equations are compared with test results

and good correlation is noted.
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EEHEAT 5L TE45EBbNs. KREOALD
Wit DA E & EBREOREZR—1TICRL .
Lampert’™ % k08 Yu' BT AMB L TR LU 2%
BB EOKRBEEORC ORI T/M, T/Vbh O
BEFEAEZIRVERELTNDY, SEOHFHIE

*IITWS [RERAUDE—A Y b BRBORKS LV
RSO hNBORSERFELT > 7)) — FEEKRICB T
BRALVE—AY N THSB.

T2 FRECHENEOHER

b | T/M{M/V | oc - Pr | Tetest [Tucar | Tur/Tuc| GHresr | 6K ca td Failure Hode
@ % | oo | 00 | Gm | Gw e | ) |
L 185 1 .. 0.470 0.433 1.08 12.2 .64 3. LE-UE-#Y
L - 216 1 .. 0.576 . 471 - 10.7 .02 3. LE-UE-HY
il b 185 1 . .50 | 0.537 .9 11, .40 4. LE-UE-HY
b - 185 1 . 660 | 0.576 Byt 12 .56 5. LE-UE-HE
d - 216 1. . 680 | 0.860 .03 12.. .75 .33 LE-UE-HY
.15 5 [ 27 |1 . .22 | 0.2 X X 45 | 5.9 LY-UE-HY
.. .0 | 203 1 0. 416 | 0.3%4 12 15. .80 .41 LY-UE-KY
. .5 | 185 1 0. .397 . 265 1.5 1L, .03 .69 LY-UE-HY
9 .. . 195 1 0. .32 | 0.341 1.15 . .78 .42 LY-UE-HY
i 5 41, 201 1 1.3 450 | 0.3%5 1. 10. .24 .29 LY-TE-HY
1 . 3. 201 1 0.6 380 | 0.363 L 2. .00 .. LY-UE-HY
1 5 47. 21 1. 0.6 . 540 .430 1.% 11. .57 3 LY-UE-#Y
1 .. 47, 25 1. . 581 | 0.481 1.23 12, .53 . 32 LY-UE-HY
1 5 47. 23 1. 613 | 0.516 1 . .81 .4 LY-UE-HY
1 - . 216 1 L6039 | 0.4%6 128 10." .49 . 56 LE-UE-HY
1 N 23 1. . 670 . 568 . 10.. .37 .07 LB-UE-HY
1 . 203 1 371 | 0.38 Rt 10. .50 3.86 LE-UE-HY
1 1. 203 1 521 | 0.4%2 5 11. .36 4.63 LE-UE-HY
9 L 180 1 519 . 430 . 11. .05 5.96 LE-UE-KY
0} 1 53.4 | 218 1 545 . 525 04 12. .68 .48 LE-UE-HY
1] L 3.4 | 218 . .618 . 585 .06 A .4 .07 LE-UE-HY
2] o= - 28 5 . 675 .691 .38 A ; .04 LE-UE-HY
3 o - 1 3 1 670 | 0.691 .97 11. s . 04 LE-UE-HY
4 [l it S A .80 | 0.958 .85 13. 10. 4. LE-UE-HY
5 Lo - 3. .656 672 .98 12. A X LE-UE-HE
[ o0 - S 3. .90 | 1.0%6 .91 13. 10.. 4. LE-UE-HY
0. 216 3. . 499 . 374 A 25. .. 5. LE-UE-HY
1 . 218 3.9 485 | 0.531 .91 12. .4 .68 LE-UE-HY
1 .5 [ 218 | 3.0 .53 | 0.507 .0 i3. .88 LE-GEHY
1 41, 339 0 . 730 812 0.9 16. .54 LE-UE-HY
1 0.5 | 28 570 | 0.588 0.97 . .31 . 1E-UE-BY
1 41. 218 660 | 0.615 L.o7 . 3 . LE-UE-HY
312 | 415 [ 39 | 3. 787 | 0.854 0.89 1.4 4.90 LE-UE Y
4 .3 47. 355 1L .. . 440 0.355 L2 12.0 . 3.92 LY-UE-KY
5103 41. 355 1. .6 410 0.482 0.85 13.3 2 4.3 LY-UE-HY
6 .3 41, 355 1. 1.3 . 470 0.567 0.83 14.5 4.73 LY-UE-HY
GB) L:longitudinal bars at bottom, U:Longitedinal bars at top,  H:Stirrup

E:Elastic,  Y:Vielding,
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