BT @iel U=
B g 22 %) <l

EEE el B ERE @iy S38E 19
=3t BERAY e

Shear Behavior of High and Low Strength Reinforced Concrete Beams
with Web Reinforcement
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ABSTRACT
Results of an experimental investigation of the shear and flexures strength of doubly
reinforced concrete beams were summarized. A total of 24 beams was tested; 4 without
web reinforcement and 20 with web reinforcement in the form of vertical stirrups. Main
variables were compressive strength of concrete which was 26.88MPa and 63.47MPa,
spacing of stirrups which was no-stirrups, 200, 150, 120, 100 and 90mm. Tests results
were compared with strength predicted using the equations of ACI 318-89. The shear
reinforcement ratic of the beams, which failed simultaneously under both flexures and
shear, were 0.66pymax for low strength concrete beams and 0.56pvwmax for high strength
concrete beams, respectively. Thus, ACI equations for shear reinforcement were very

conservative.
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1 AEA A

steel content
Specimen| h b d d’ stirrup (mm?) _a/d 0,
(mm) | (mm) | (mm) | {mm) | spacing As'z &2 0, £ 4 max(ACD"
{(mm) | {(mm°®) | (mm°)
NC-©-1| 608 | 208 | 530 | 876 oo 1161.3 | 35752 | 2.95 0.00 0.00
NC-o0-2 | 600 | 297 | 522 | 69.1 o 11613 ] 35752 | 3.00 0.00 0.00
NC-20-1¢ 601 | 300 | 523 | 701 20 11613 | 35752 | 299 | 0.238 0.49
NC-20-2| 600 | 303 | 522 | 701 20 1161.3 |1 35752 | 3.00 | 0235 0.49
NC-15-1| 598 | 299 | 520 | 73.1 15 1161.3 | 357521 3.01 | 0.318 0.66
NC-15-2 ] 603 | 298 | 525 | 76.1 15 1161.3 | 35752 | 298 | 0.319 0.66
NC-12-1} 586 | 295 | 508 | 61.1 12 1161.3 | 35752 | 3.08 | 0403 0.81
NC-12-2 | 601 | 296 | 523 | 65.1 12 1161.3 | 35752 1 299 | 0401 0.81
NC~-10-1| 598 | 298 | 520 | 77.6 10 1161.3 { 35752 | 301 | 0479 0.99
NC-10-2 | 600 | 257 | 522 | 681 10 1161.3 |1 357521 3.00 | 0480 0.98
NC- 9-1| 592 | 297 | 514 | 69.1 9 1161.3 | 35752 | 3.05 | 0533 1.09
NC-9-2] 598 | 294 | 520 | 79.1 9 1161.3 | 35752 301 | 0439 1.10
HC-o0-1] 600 | 295 | 517 | 79.8 o 1426 | 40536 3.00 0.00 0.00
HC--21 608 | 293 | 525 878 0 1426 | 40536 295 0.00 0.00
HC-20-1| 611 | 297 | 528 ' 908 20 1426 | 40536 | 294 | 0240 0.42
HC-20-2| 613 | 268 | 530 928 20 1426 | 40536 | 293 | 0.239 0.42
HC-15-1| 606 | 294 | 523 = 858 15 1426 | 40536 297 | 0323 056
HC-15-2 | 613 | 295 | 530 928 15 1426 {40536 | 293 | 0322 0.56
HC-12-1| 613 | 294 | 530 | 928 12 1426 | 40536 293 | 0404 0.69
HC-12-2 ] 596 | 295 | 513 | 758 12 1426 | 405361 3.02 | 0403 0.69
HC-10-1| 620 | 294 | 537 | 99.8 10 142.6 536 | 289 | 048 083
HC-10-2 | 604 | 293 | 521 | 838 10 1426 | 40536 | 298 | 0.487 0.83
HC- 9-11] 602 | 295 | 519 | 818 9 1426 | 40536 | 299 | 0537 0.92
HC- 9-2 | 599 | 293 | 516 | 78.8 9 1426 {40536 | 3.01 | 0541 0.92
* considered strength reduces factors
¥ 2 #3d9E R
mix |cement| water sand |coarse aggregate |silica fume |superplasticizer| f.'
no. |(kg/m% | (kg/m®) | (kg/m®) (kg/m°) (kg/m®) (%) (MPa)
NSC | 401 190 752 945 - - 26.88
HSC | 522 144 602 1079 58 2 63.45
¥ 3 A 44
type yield strength tensie strength elastic modulus
fy(MPa) f.(MPa) E«(MPa)
D10 404.0 576.8 188139
D22 390.9 657.4 210762
D25 418.2 612.3 220454
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measured measured
Specimen failure mode ultimate M”( test) shearth V”( test)
moment v warv-—T strer e
o) | MLCACD | 00 V.(ACD®
NC-o0-1 shear 351.4 0.52 2244 149
NC-0-2 shear 330.6 0.49 211.1 1.43
NC-20-1 shear 599.4 0.83 382.8 1.39
NC-20~2 shear 649.9 0.97 4155 1.41
NC-15-1 flexure 675.8 1.01 431.5 1.23
NC-15-2 shear 669.8 1.00 421.7 1.22
NC-12-1 flexure 667.8 1.02 426.4 1.10
NC-12-2 flexure 703.5 1.04 449.2 1.12
NC-10-1 flexure 681.7 1.03 4353 0.97
NC-10-2 flexure 679.7 1.01 434.0 0.97
NC- 9-1 flexure 673.7 1.02 430.2 0.91
NC- 9-2 flexure 677.7 1.02 432.8 0.90
HC-e0-1 shear 376.0 0.45 242.4 1.12
HC-00-2 shear 385.9 0.45 2488 115
HC-20-1 shear 758.7 0.88 489.2 1.32
HC~-20-2 shear 761.5 0.88 49]1.1 1.32
HC~15-1 flexure 836.8 0.99 539.5 1.30
HC-15-2 shear 845.3 0.98 5455 1.28
HC-12-1 flexure 874.0 1.02 563.5 1.19
HC-12-2 flexure 851.5 1.02 549.0 1.19
HC-10~1 flexure 8825 1.01 569.0 1.08
HC~-10-2 flexure 841.4 0.99 542.5 1.05
HC- 9-1 flexure 819.7 0.97 528.5 0.96
HC~ 9-2 flexure 818.9 0.98 528.0 0.97

*Vy (ACI) = Veacr + Vs

a9 4 riy7t F3E Fxe}t B
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