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Numerical Modelling on the Strength of Reinforced Concrete
Simple-Continuous Deep Beams with Openings by an Upper-Bound Theorem

Keun-Hyeok Yang"”, Hee-Chang Eun”, and Heon-Soo Chung’
"Dept. of Architectural Engineering, Mokpo University, Chonnam 534-729, Korea
“Dept. of Architectural Engineering, Kangwon University, Chuncheon 200-701, Korea
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ABSTRACT Models to predict the ultimate strength of simply supported or continuous deep beams with web openings are proposed.
The derived equations are based on upper-bound theorem. The concrete is assumed as a perfectly plastic material obeying the modified
Coulomb failure criteria with zero tension cutoff. Reinforcing bar is considered as elastic-perfectly plastic material and its stress is cal-
culated from the limiting principal compressive strain of concrete. The govemning failure mechanisms based on test results are idealized
as rigid moving blocks separated by a hyperbolic yield line. The effective compressive strength of concrete is calculated from the formula
proposed by Vecchio and Collins. Comparisons with existing test results are performed, and they show good agreement.

Keywords deep beams, failure mechanism, openings, upper-bound theorem, effective strength
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Fig. 5 Failure mechanism of simply supported deep beam with web opening
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Table 1 Comparison between proposed model and test results of simply supported beams without opening bar
P
Fn a opening size opening position Ultimate strength P,(kN) (P”)P“"
(MPa) h ( ”)EXP»
m my ky ky Exp. Kong |This study] Kong |This study
0.5 0.3 0.25 0.35 289 240 289 0.83 1.00
0.5 0.1 0.25 0.45 466 325 450 0.70 0.96
0.5 0.5 0.2 0.25 0.4 348 284 368 0.82 1.06
0.25 0.3 0.375 0.35 337 254 365 0.75 1.08
. 0.65 0.3 0.175 0.35 236 235 256 1.00 1.09
Comparison 05 03 025 035 144 195 126 136 0.87
0.5 0.1 0.25 0.45 225 244 189 1.09 0.84
10 0.5 0.2 0.25 0.4 184 220 159 1.20 0.87
’ 0.25 0.3 0.375 0.35 163 177 150 1.09 0.92
0.65 0.3 0.175 0.35 130 206 115 1.59 0.89
0.8 0.3 0.1 0.35 90 72 106 0.81 1.18
0.5 0.1 0.25 0.45 515 373 570 0.73 1.11
0.5 0.2 0.25 0.4 419 326 457 0.78 1.09
0.5 0.5 0.3 0.25 0.35 339 277 364 0.82 1.07
0.25 0.3 0.375 0.35 395 289 453 0.73 1.15
20 0.65 0.3 0.175 0.35 331 272 322 0.82 0.97
0.5 0.1 0.25 0.45 245 287 241 1.17 0.98
0.5 0.2 0.25 0.4 199 257 204 1.29 1.03
1.0 0.5 0.3 0.25 0.35 123 227 123 1.85 1.00
0.25 0.3 0.375 0.35 135 205 201 1.52 1.49
0.65 0.3 0.175 0.35 113 240 107 2.12 0.95
24 0.5 0.5 0.3 0.25 0.35 233 242 208 1.04 0.89
1.0 0.5 03 0.25 0.35 117 200 104 1.71 0.89
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opening bar P, (kN) Popro. | (Poexp.
(I\{[fclga) alh configuration | amount P (kN) Exp. Kong This study Kong This study
fs=tm s Js =t /s
- - 305 - - 0 0 - - -
horizontal 384 79 109 81 74 1.38 1.02 0.93
05 vertical 3-D10 353 48 76 151 73 1.58 3.14 1.52
50 diagonal 466 161 184 251 151 1.14 1.56 0.94
- - 197 - - 0 0 - - -
1.0 | horizontal 3.D10 230 33 40 50 38 1.20 1.50 1.14
diagonal 305 108 169 113 113 1.57 1.70 1.05
Table 3 Comparison between proposed model and test results of continuous deep beams with openings
Opening size Ratio of shear bar . . P,
feu MPa) | alh p p” o o Location of opening Exp. (M) | Pro. () | Pro/Exp.
26.5 0.184 0.2 0.008 0.008 Ext. 450 485 1.07
20.8 0.184 0.2 0.008 0.008 Int. 294 310 1.05
29.8 0.368 0.4 0.008 0.008 Ext. 431 462 1.07
26.1 0.368 0.4 0.008 0.008 Int. 209 220 1.05
264 0.184 0.2 0.004 0.004 Ext. 432 396 0.91
26.1 0.184 0.2 0.004 0.004 Int. 342 308 0.90
26.9 0.368 0.4 0.004 0.004 Ext. 370 324 0.88
253 1.09 0.368 0.4 0.004 0.004 Int. 187 215 1.15
24.7 0.184 0.2 0.004 0 Ext. 324 268 0.83
22.9 0.184 02 0.004 0 Int. 258 218 0.84
25.0 0.368 0.4 0.004 0 Ext. 299 239 0.8
239 0.368 0.4 0.004 0 Int. 164 170 1.03
24.7 0.184 0.2 0 0.004 Ext. 398 381 0.95
25.5 0.184 0.2 0 0.004 Int. 330 354 1.07
28.1 0.368 0.4 0 0.004 Ext. 377 332 0.88
26.2 0.368 04 0 0.004 Int. 191 205 1.07
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