Wl Journal of the Korea Concrete Institute
Vol. 19, No. 2, pp. 171~178, April, 2007

[k
|o

ATZE3e|EA

J+>
H
rlo

L]

1)

=1 A
e 4
ECEEERE L]

| Mk A4S0l cheh =5

BALBZe| Hek
2. gpmer
ot AZFHAF

Influence of Inclined Reinforcement around Openings on the Shear
Behavior of Reinforced Concrete Continuous Deep Beams

Heon-Soo Chungl), Jae-1l Sim”, and Keun-Hyeok Yangz)

1)Dept. of Architectural Engineering, Chung-Ang University, Seoul 156-756, Korea
“Dept. of Architectural Engineering, Mokpo University, Chonnam 534-729, Korea

ABSTRACT Twelve reinforced concrete continuous deep beams having web openings within interior shear spans were tested to failure.
All beams tested had the same geometrical dimensions. The main variables investigated were the opening size and amount of inclined rein-
forcement around openings. An effective inclined reinforcement factor combining the influence of the opening size and amount of inclined
reinforcement on the structural behavior of the beams tested is proposed. It was observed that the load distribution, diagonal crack width, and
load capacity of beams tested were greatly dependent on the effective inclined reinforcement factor which ranged from 0 to 0.171 for the test
specimens. The higher this factor, the smaller the diagonal crack width and its development rate. A higher load capacity also developed in
beams having effective inclined reinforcement factor above 0.077 than in the corresponding solid deep beams. A numerical technique based
on the upper bound analysis of the plasticity theory is proposed to evaluate the load capacity of continuous deep beams having openings within
interior shear spans. Predictions obtained from the proposed formulas are in good agreement with test results.

Keywords continuous deep beams, web openings, inclined reinforcement, load capacity, upper bound
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Fig. 1 Symbol identification in effective inclined reinforcement
factor
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Fig. 2 Normalized shear capacity against opening area ratio



Table 1 Details of test specimens

. . Inclined
Details of openings .
reinforcement
Specimen*}  Width Depth
ma myh | Pos | Arrangement | &
m n
(mm) (mm)
T1-0 None 0.0
T1-2 0.1 | 60 |0.025 2D10 0.086
T1-4 | 025 150 4D10 0.171
T3-0 None 0.0
s 0.3 | 180 |0.075
T3-6 6D10 0.104
F2-0 2D10 0.0
F2-4 021|120 0.1 4D10 0.051
F2-6 6D10 0.077
F3-0 0.5 | 300 None 0.0
F3-2 2D10 0.021
— 0.3 ] 180 | 0.15
F3-4 4D10 0.041
F3-6 6D10 0.062

* The beam notation includes three parts. The first letter refers
to the opening width: T for 0.25¢ and F for 0.54. The second
number 1, 2 or 3 indicates an opening depth of 0.14, 0.2% or
0.3h, respectively. The third part is used to identify the number
of inclined reinforcement around openings.
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Fig. 3 Specimen details (unit: mm)
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Table 2 Mechanical properties of reinforcement

Diameter Lo c Jou E,
(mm) (MPa) v (MPa) (GPa)
10 420 0.0021 575 195
19 560 0.0028 740 198
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Fig. 4 Test setup (unit: mm)
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Table 3 Details of test results and predictions

P, (kN) At failure kN) | A,=P,/2b,hfy
Specimen) oV £ | P | Ry | Ry | Exp. | Pro. g;cl’)/
T1-0 370 | 377 {1,139] 191 | 188 |0.117]0.111|0.949
T1-2 350 | 302 (1,363 265 | 252 [0.1410.128|0.908
T1-4 | 327 | 320 [1,512] 294 | 291 ]0.156|0.144|0.923
T3-0 301 | 313 [1,024| 246 | 245 |0.106]0.099|0.934
T3-6 | 364 | 350 {1,470] 304 | 298 [0.15210.150{0.987
F2-0 195 | 250 | 832 | 235 | 228 [0.086|0.085]0.988
F2-4 | 314 | 293 |1,024| 237 | 237 [0.106]0.125|1.179
F2-6 | 309 | 327 |1,2921 288 | 287 {0.1330.142}1.068
F3-0 250 | 264 | 765 | 219 | 217 |0.079(0.082|1.038
F3-2 258 | 252 | 882 | 238 | 239 [0.091|0.105|1.154
k34 248 | 234 | 965 | 239 | 235 10.099|0.12271.232

F3-6 | 265 | 230 |1,082| 235 | 234 (0.112]0.138|1.232

Note : P, = first diagonal cracking load at interior shear spans,
P, = load capacity, Ry and Ry = end support reactions at W-span
and E-span, respectively, and A, = normalized load capacity. Also,
W and E indicate W-span and E-span, respectively.
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Fig. 8 Diagonal crack width against total applied load
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