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Abstract
This project aims to utilize Artificial Neural Networks (ANNs) to derive an empirical equation
for calculating the flexural moment of reinforced concrete beams. Due to the importance of
accurate flexural moment estimation in structural design, the American Concrete Institute
(ACI) code equations were adopted as a reference to validate and assess the accuracy of
the proposed model. A database consisting of eighty (60) reinforced concrete beams was

developed, covering a wide range of geometric and mechanical properties, including beam
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width, effective depth, concrete compressive strength, steel yield strength, and reinforcement
area. These data were used to train and test several ANN models in order to identify the
most accurate and stable configuration. The results demonstrated a strong agreement
between the flexural moments predicted by the selected ANN model and those calculated
using the ACI code equations, as indicated by high values of the coefficient of determination
(R?) and low values of the mean absolute error (MAE). Based on the final ANN model, a
logarithmic empirical equation was extracted, enabling direct calculation of the flexural moment
without the need to run the neural network model. The findings of this study confirm that
artificial neural networks are an effective and reliable tool for modeling the flexural behavior
of reinforced concrete beams. Moreover, the derived empirical equation can serve as a
practical and simplified method for engineering calculations and design verification within the
range of data used in this study.
Keywords: Sensitivity Analysis, Neural Networks, Structural Behaviour, Concrete Beams,
Nonlinear Relationships, Numerical Modelling.
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Beam b d fy fe As Maci Mann | Mann
(mm) | (mm) | (Mpa) | (Mpa) | (mm) | (kN.m) | (kN.m) | /Maca

1 300 | 600 | 400 32 1734 | 347 330 0.95
2 350 | 650 | 420 38 2015 | 467 449 0.96
3 360 | 600 | 430 38 1922 | 420 402 0.95
4 320 | 500 | 450 36 1276 | 243 227 0.93
5 400 | 550 | 460 27 2423 | 490 461 0.94
6 280 | 560 | 470 30 | 2100 | 435 382 0.87
7 330 | 580 | 410 34 1850 | 370 352 0.95
8 310 | 620 | 435 33 1980 | 395 377 0.95
9 370 | 600 | 460 38 2250 | 480 458 0.95
10 340 | 590 | 420 35 2000 | 405 387 0.95
11 300 | 610 | 400 32 1800 | 340 322 0.94
12 350 | 630 | 430 38 2100 | 455 437 0.96
13 360 | 620 | 440 38 1950 | 430 409 0.95
14 320 | 510 | 450 36 1300 | 248 231 0.93
15 400 | 600 | 460 27 2450 | 494 466 0.94
16 280 | 560 | 470 30 | 2150 | 445 392 0.88
17 330 | 580 | 410 34 1870 | 375 357 0.95
18 310 | 620 | 435 33 2000 | 400 382 0.95
19 360 | 600 | 460 38 2270 | 485 463 0.95
20 340 | 600 | 420 35 2030 | 410 392 0.95
21 260 | 600 | 405 32 1750 | 345 328 0.95
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b d fy fe As Maci Mann | Mann
(mm) | (mm) | (Mpa) | (Mpa) | (mm) | (kN.m) | (kN.m) | /Maca

22 300 | 610 | 410 33 1780 | 358 341 0.95
23 320 | 620 | 415 33 1800 | 368 351 0.95
24 300 | 620 | 420 34 1830 | 380 363 0.95
25 350 | 620 | 425 34 1850 | 390 374 0.95
26 320 | 630 | 430 35 1880 | 403 387 0.96
27 300 | 600 | 435 35 1900 | 413 398 0.96
28 260 | 605 | 440 36 1930 | 425 410 0.96
29 250 | 610 | 445 36 1950 | 435 421 0.96
30 300 | 615 | 450 37 1980 | 448 434 0.96
31 320 | 620 | 455 37 12000 | 458 445 0.97
32 260 | 600 | 460 32 1720 | 348 332 0.95
33 300 | 605 | 465 33 1740 | 355 338 0.95
34 320 | 610 | 470 33 1760 | 362 345 0.95
35 260 | 600 | 400 34 | 1780 | 360 342 0.95
36 300 | 605 | 405 34 | 1800 | 368 350 0.95
37 320 | 610 | 410 35 1830 | 375 357 0.95
38 300 | 615 | 415 35 1850 | 383 365 0.95
39 260 | 620 | 420 36 1880 | 390 373 0.95
40 300 | 625 | 425 36 1900 | 398 381 0.95
41 320 | 630 | 430 37 1930 | 405 389 0.96
42 250 | 600 | 435 37 1950 | 415 400 0.96
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Beam b d f, fe A Maa Mann Mann
(mm) | (mm) | (Mpa) | (Mpa) | (mm) | (kN.m) | (KN.m) | /Maq

1 300 610 435 35 2320 450 445 0.98
2 260 615 440 36 2350 460 455 0.98
3 250 620 445 36 2380 470 466 0.98
4 300 625 450 37 2400 480 476 0.99
5 320 630 455 37 | 2430 490 486 0.99
6 300 600 460 38 2450 500 496 0.99
7 260 605 465 38 2480 510 507 0.99
8 250 610 470 38 2500 520 517 0.99
9 300 615 400 37 1800 370 352 0.95
10 320 620 405 36 1830 380 362 0.95
11 300 625 410 35 1850 390 372 0.95
12 260 600 415 34 1880 400 382 0.95
13 250 605 420 33 1900 410 392 0.95
14 300 610 425 32 1930 420 402 0.95
15 320 615 430 32 1950 430 412 0.95
16 300 620 435 33 1980 440 422 0.95
17 260 625 440 34 2000 450 432 0.96
18 250 600 445 35 2030 460 442 0.96
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