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Prediction model for shear capacity of reinforced recycled aggregate

concrete beam based on Bayesian theory
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Abstract; Shear capacity is one of the important performance indicators for the design and repair of reinforced
recycled aggregate concrete (RAC) structures, so it is of great scientific and practical significance to develop its
calculation method. At present stage, due to the shortage of test results and the high variability for the RAC's
mechanical property, most specifications still applies calculation formulas of conventional concrete beam to estimate
that capacity by simply reducing the RAC's strength, which usually has problems such as low accuracy and poor
stability. In view of this, a shear test database containing 206 reinforced RAC beams without stirrups was first
established to evaluate the accuracy and reliability of existing specifications and empirical formulas. Then, the
ACI318-2014 code with good prediction effect and the formula suggested by scholar Zsutty were selected as the
prior model, and the prior model and test information were statistically inferred based on Bayesian statistical theory
to build the probability model for calculating shear capacity of reinforced RAC beams without stirrups. Finally,
Bayesian parameter culling process was adopted to eliminate the secondary influential factors, and new predictive
expressions were acquired. The results showed that the Bayesian method fully integrated the completeness of the
prior model and the accuracy of a large number of test data, and could predict the reinforced RAC beam’s shear

strength more accurately.

Key words: reinforced recycled aggregate concrete beam without stirrups; shear capacity; Bayesian model updating
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Tab.1 Test database for steel bar reinforced RAC beams without stirrups under shear loading
bXh
Wik HE d/mm ald r w/c Smax/mm  f./MPa ps/% fy/MPa v, /MPa
mm X mm ]
[16] 2 200X350 303 3.3 0~0.5 0. 55 25 39.7~40. 2 2.98 571 3.14~3.85
[17] 3 200X 375 309 2.59 0~0. 64 0. 45 19 35.9~38.0 1.43 407 1.50~2.43
[18] 24  200X400 360 1.5~3.75 0~1 0.5 25 22.6~24.7 0.53~1.61 456~522 0.79~2.45
200X
[19] 18 201~476 1.5~3.93 0~0.74 0.45 19 38~49.1 1.00~2.46  407~425 1.10~3.11
250~550
[20] 18  300X460 407 3 0~1 0.4 25 30.0~37.2 1.27~2.71 414 0.91~1.42
[21] 12 150X230 200 3.83 0~1 0. 44 19 31.2~46.4 1. 34 572 1.04~1. 46
[22] 10 206X300 260~267 2 0~1 0.5 20 23.2~28.3 1.85~1.90 457 0.85~1. 36
[23] 3 200300 235 4.2 0~1 0.58~0.60 31.5  33.3~37.0 4.09 560 1.95~2.26
[24] 13 150X420 388 3 0~0.75 0.50~0.54 12.5  32.2~37.6 0.79 534 0.69~0. 94
[25] 6 200X300 269 2.6 0~1 0.45 20 42.8 0.75~1.31 591 1.51~1.99
[26] 9 200X 250 225 1.5~3.0 0~1 0.41~0.49 20 34.5~37.5 1.79 600 1.09~3. 34
[27] 6 170X300 270 1.5~4.0 0~1 0.40 25 30.6~39.6 .11 430 1.11~3. 14
[28] 13 150X300 263~272 1.0~3.0 0~1 0.57~0.60 20 23.7~31.0 2.49 357 1. 44~6. 39
120X
[29] 4 105~266 1.69~1.71 1.0 0.34 20 42.7 1.25 414~481 2.45~3.43
120~300
[30] 10  150X300 267 1. 85 0~0.75 0.5 315 23.4~26.8 0.9 370 3.55~4.24
[30] 15  150X200 160 4.4 1.0 0.45~0.60 19.0  28.4~46.5 0.59~1.65 331~342 0.50~1.30
200~400X
[32] 15 300~600 2.5 0~1 0. 45 25 31.8~34.9  2.85~3.02 600~651 1.05~1.26
350~680
[33] 14  400X600 525 2~5 0~1 0. 44 25 29~37 1. 88 433 1.96~4.11
[34] 3 100X200 180 2 0~0.5 0.45 20 29.6~31.7 1.9 560 3.50~4.81
[35] 4 200X350 300 3.3 0~1 0.55 25 11.3~42.4 2.92 500 1.40~1.73
[36] 4 200300 260 2.3 0~1 0. 46 25 32.5~42.4 1 359 2.20~3.13
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Tab. 2 Calculation models for predicting shear strength of steel bar reinforced RAC beams without stirrups
RV i IUPAS:Y RMSE CI
_ - d -
.= (0.167 V74170, <) (a/d)=2.5
ACI318-2014 #3u 1.814  0.077
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‘ a ‘ Oy
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d s
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- d . d \7%
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w=2.175(2.5 %) (fp. <) (a/d)
v =p+fd.,/d
_ 0. 4 . 1 300 _ V. <1+i>
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Tab. 3 Statistics for the calculation results of g, (x)
R XA brifi 2% A5 RE PR FHE brif 2% BRI
g1 () 1. 000 0. 000 0. 000 g:(2) 0. 949 0.310 0.327
2 (2) 0.515 0.398 0.773 g5 (2) 5.761 0.307 0.053
g5 (2) 3.476 0. 209 0. 060 g:(2) 2. 140 0.428 0. 200
gi(2) 3. 087 0.210 0. 068 g5 (2) 2.673 0.233 0. 087
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Tab. 4 Parameter removal process

BERER S H BRI

et Hr BHE 0 1)E I Rl

e WIR g1 g g5 g1 8 g & g 0 02 0 04 0; 0s 07 0s
Zsutty 1 OO0 0O 0O O O O O 0.101 2.144 —0.106 —0.152 0.843 0.112 —0.354 —0.292 —0.545
2 O X OO0 O O O O 0.103 2.108 — —0.154 0.823 0.122 —0.352 —0.294 —0.533
3 O X O 0 X O O O 0.103 1.484 — —0.052 0.835 — —0.311 —0.294 —0.489
4 O X 0 0O X O X O 0.114 4.012 — —0.470 0.643 — —0.353 — —0.815
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