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The punching shear capacity prediction model for FRP reinforced

concrete slabs based on BP neural network
SHEN Yuanxie, LIANG Shixue
(School of Civil Engineering and Architecture, Zhejiang
Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to improve the poor generalization performance of punching shear capacity
prediction model for FRP reinforced concrete slabs due to inadequate consideration of the influencing
factors, a data drive-based model for predicting the punching shear capacity of FRP reinforced concrete
slabs was established. Firstly, 121 groups of punching shear capacity data on FRP reinforced concrete slab-
column joints were collected, and a punching shear capacity prediction model for FRP reinforced concrete
slabs based on BP neural network was established. Secondly, the sensitivity analysis was performed on
factors affecting the punching shear capacity of FRP reinforced concrete slabs using Garson algorithm.
Through comparison with the prediction results of other traditional bearing capacity computing formulas,
it was found that the model proposed in this paper had the optimal prediction results, with less errors.
Compared with the British specification, the root-mean-square error reduced by 29.7%, mean absolute
percentage error decreased by 21. 5%, and coefficient of determination improved by 3. 6%. The sensitivity

analysis results have verified the rational selection of the input parameters and obtained the sort of the
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influence degree of each parameter. This study has found that the effective height of the concrete slab has

the most significant impact on the punching shear capacity of FRP reinforced concrete slabs. The study is

expected to support the analysis model and fine design of the punching shear performance of FRP

reinforced concrete slab-column joints,

Key words: BP neural network; FRP reinforced concrete slab; machine learning; punching shear

capacity; Garson algorithm
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B3R A FRP ffiREE T X 36 HiR

e AL B T RS R VR LA K LA B R
R WS E Ny A B S B oy AR AT T
RIZ(A/CmZ)\*)iE/‘Jﬁ%Z%E ~T3<d/mm)\?l}:;é¥;§%i
PR R BE o (f'/MPa), FRP ffj (9 1 [T B
x5 (E1/GP) FIFEHiR x5 Cor/ Y00 5 v (V/KN) SAHL 0
VIR 7 W0 1 s AE A 28 80 = BB (2

=D .FE (x, =2 FHIE (1 =3). H{E TR
Z IR HEATHERE /3 % EE 78 S0 BRRE AN R AR (81
PRFNST 5 VO A A TR BEE + U B AT S — . A B
1B RS B AS TR 5 R A 5 22 B BR A R T A oy
PLAI I S0 B3 O B /NSRS PR R

R Al FRP iR g T IR IEERC S

B e I G5 kS £ s e x5 s v
SN1 1 56. 25 61. 00 42.40  113.00 0.95 93. 00
Ahmad 21200 SN2 1 56. 25 61. 00 39.60  113.00 0.95 78. 00
(1994) SN3 1 100.00  61.00 36.00  113.00 0.95 96. 00
SN4 1 100.00  61.00 36.60  113.00 0.95 99. 00
Banthia 452 I 2 78. 54 55. 00 41.00  100.00 0.31 65. 00
(1995) 1 2 78. 54 55. 00 52.90  100.00 0.31 61. 00
Cl 2 176.72  96.00 36. 70 91. 80 0.27 181. 00
cl’ 2 415.48  96.00 37. 30 91. 80 0.27 189. 00
C2 2 176.72  95.00 35. 70 95. 00 1.05 255. 00
c2’ 2 415.48  95.00 36. 30 95. 00 1.05 273. 00
C3 2 176.72  126.00  33.80 92. 00 0.52 347. 00
Mathyo 250 cs’ 2 415.48  126.00  34.30 92. 00 0.52 343. 00
<ng0> CS 2 176.72  95.00 32.60  147.00 0.19 142. 00
cs' 2 415. 48 95. 00 33. 20 147. 00 0.19 150. 00
H1 2 176.72  95.00  118.00  37.30 0. 62 207. 00
H2 2 176.72  89.00 35. 80 40. 70 3.76 231. 00
H2' 2 50. 27 89. 00 35. 90 40. 70 3.76 171. 00
H3 2 176.72  122.00  32.10 44. 80 1.22 237. 00
H3' 2 50.27  122.00  32.10 44. 80 1.22 217. 00
SG1 1 400.00  142.00  32.00 45.00 0.18 170. 00
1 Ghandous 2507 SC1 1 400.00  142.00  32.80  110.00 0.15 229. 00
g 20039 SG2 1 400.00  142.00  46.40 45. 00 0.38 271. 00
SG3 1 400.00  142.00  30.40 45.00 0.38 237. 00
SC2 1 400.00  142.00  29.60  110.00 0.35 317. 00
Oepina 2577 GFR-1 1 625.00  120.00  29.50 34. 00 0.73 217. 00
5?5223) GFR-2 1 625.00  120.00  28.90 34. 00 1. 46 260. 00
NEF-1 1 625.00  120.00  37.50 28. 40 0.87 206. 00
Hrussein 2509 G-S1 1 625.00  100.00  40.00 42.00 1.18 249. 00
000 G-S3 1 625.00  100.00  29.00 42.00 1. 67 240. 00
G-St 1 625.00  100.00  26.00 42.00 0.95 210. 00
G-S1 3 1500.00  163.00  49.60 44. 60 1. 00 740. 00
£l Garmal 2507 G-S2 3 1500.00  159.00  44.30 38. 50 1. 99 712. 00
2005) G-S3 3 1500.00  159.00  49.20 46. 50 1.21 732. 00
C-sl 3 1500.00  156.00  49.60  122.50 0.35 674. 00
C-S2 3 1500.00  165.00  44.30  122.50 0. 69 799. 00
Zhang Z00] GS2 1 625.00  100.00  35.00 42.00 1.05 218. 00
(2005) GSHS 1 625.00  100.00  71.00 42.00 1.18 275. 00
Zaghloul ™ ZJF5 1 625.00  75.00 44.80  100.00 1.33 234. 00

(2007)
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BRI i e s xs Z4 xs Z y
Fl 1 400.00  82.00 37. 40 46. 00 1.10 165. 00
Salama 20371 F2 1 400.00  112.00  33.00 46. 00 0.81 170. 00
(2008) F3 1 400.00  82.00 38. 20 46. 00 1.29 210. 00
F4 1 400.00  82.00 39. 70 46. 00 1.54 230. 00
oo 25081 GFU1 1 506.25  110.00  36.30 48. 20 1.18 222. 00
1526009) GFB2 1 506.25  110.00  36.30 48. 20 2.15 246. 00
GFB3 1 506.25  110.00  36.30 48. 20 3.00 248. 00
Khig‘;ﬁfm 1 3 1250.00  138.00  35.00 42. 00 2. 40 756. 00
A 1 225.00  130.00  22.16 45. 60 0.42 176. 40
B2 1 22500 130.00  32.48 45. 60 0.42 209. 40
s B3 1 22500  130.00  32.40 45. 60 0.55 245. 30
010) B4 1 22500  130.00  32.80 45. 60 0.29 166. 60
B6 1 225.00  130.00  33.20 45. 60 0. 42 217. 20
B7 1 22500  130.00  28.32 45. 60 0.42 221. 50
C 1 22500  130.00  46.05 45. 60 0.42 252. 50
G-200-N 3 1500.00  155.00  49.10 43.00 1. 20 732. 00
G-175-N 3 1500.00  135.00  35.20 43.00 1.20 484. 00
. et G-150-N 3 1500.00  110.00  35.20 43.00 1. 20 362. 00
Ou‘i‘;zrlrf)‘* G-175-H 3 1500.00  135.00 6480 43.00 1.20 704. 00
G-175-N-0. 7 3 1500.00  135.00  53.10 43.00 0.70 549. 00
G-175-N-0. 35 3 1500.00 137.00  53.10 43.00 0.35 506. 00
C-175-N 3 1500.00  140.00  40.30  122.00 0. 40 530. 00
Go.n 30/20 1 900.00  134.00 3430 48. 20 0.71 329. 00
Gas 30/20 1 900.00  131.50  38.60 48.10 1.56 431. 00
G 45/20 1 2025.00  134.00  45.40 48. 20 0.71 400. 00
G5 45/20 1 2025.00 131.50  32.40 48.10 1.56 504. 00
G5 30/35 1 900.00  284.00  34.30 48. 20 0. 34 825. 00
G 30/35 1 900.00  284.00  39.40 48.10 0.73 1071. 00
Gro.545/35 1 2025.00  284.00  48.60 48. 20 0. 34 911. 00
Go.n45/35 1 2025.00 281.50  29.60 48. 10 0.73 1248. 00
Ga.530/20-H 1 900.00  131.00  75.80 57. 40 1.56 547. 00
Hassan 450697] G2 30/20 1 900.00  131.00  37.50 64. 90 1.21 438. 00
(2013) Ga.30/35 1 900.00  275.00  38.20 56. 70 1.61 1492. 00
Gas 30/35-H 1 900.00  275.00  75.80 56. 70 1.61 1600. 00
Go.130/20-B 1 900.00  131.00  38.60 48. 20 0.73 386. 00
Ga.s45/20-B 1 2025.00 131.00  39.40 48.10 1.56 511. 00
G5 30/35-B 1 900.00  284.00  39.40 48. 20 0. 34 781. 00
Ga.s 30/20-B 1 900.00  131.00  32.40 48.10 1.56 451. 00
G5 45/35-B 1 2025.00  284.00  32.40 48. 20 0. 34 1020. 00
Go.n 30/35-B-1 1 900.00  281.00  29.60 48. 10 0.73 1027. 00
Go.n 30/35-B-2 1 900.00  281.00  46.70 48. 10 0.73 1195. 00
Go.n37.5/27.5-B2 1 1406.25  209.00  32.30 48. 20 0.72 830. 00
. Vg A GSL-0. 4 1 400.00  129.00  39.00 48.00 0. 48 180. 00
guycgofg) & GSL-0. 6 1 400.00  129.00  39.00 48.00 0. 68 212. 00
GSL-0. 8 1 400.00  129.00  39.00 48.00 0.92 244. 00
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BRI i e s xs Z4 xs Z y
2B 3 1500.00  167.00  48.81 64. 80 0.70 548. 30
S3-B 3 1500.00  169.00  42.20 69. 30 0. 69 664. 60
Elgabbas %] Si-B 3 1500.00  167.00  42.20 64. 80 0.70 565. 90
(2016) S5-B 3 1500.00  167.00  47.90 64. 80 0.99 716. 40
S6-B 3 1500.00  167.00  47.90 64. 80 0. 42 575. 80
S7-B 3 1500.00  167.00  47.90 64. 80 0. 42 436. 40
GN-0. 65 1 900.00  160.00  42.00 68. 00 0. 65 363. 00
GN-0. 98 1 900.00  160.00  38.00 68. 00 0.98 378. 00
Cou A GN-1. 30 1 900.00  160.00  39.00 68. 00 1.13 425. 00
7 (201‘;) GH-0. 65 1 900.00  160. 00 70. 00 68. 00 0. 65 380. 00
G-00-XX 1 900.00  160.00  38.00 68. 00 0. 65 421. 00
G-30-XX 1 900.00  160.00  42.00 68. 00 0.65 296. 00
R-15-XX 1 900.00  160.00  40.00 63. 10 0.65 320. 00
e H-1. 0-XX 1 900.00  160.00  80.00 65. 00 0.98 461. 00
u*(‘;rl‘;f H-1. 5-XX 1 900.00  160.00  84.00 65. 00 1. 46 541. 00
H-2. 0-XX 1 900.00  160.00  87.00 65. 00 1.93 604. 00
e Gl 1 900.00  151.00  52.00 62. 60 1. 06 140. 00
Elad(‘%if G251, 1 900.00  151.00  46.00  62.60 1.51 140. 00
G31.05-SL 1 900.00  151.00  46.00 62. 60 1.06 180. 00
A30-1 1 900.00  88.00 27. 40 51. 10 1.28 191. 00
A30-2 1 900.00  108.00  27.30 51. 10 1.05 289. 00
A30-3 1 900.00  138.00  26.20 51. 10 0.82 413. 00
A30-4 1 1225.00  86.00 26. 80 51. 10 1.31 209. 00
A A40-1 1 1225.00  88.00 28. 20 51. 10 1.28 232. 00
(2020) A40-2 1 1225.00  88.00 26. 40 54. 10 0. 89 221. 00
A40-3 1 900.00  88.00 28. 60 51. 10 1.28 236. 00
A50-1 1 900.00  88.00 29. 20 51. 10 1.28 253. 00
A50-2 1 900.00  90.00 32. 20 54. 10 0. 87 237. 00
A50-3 1 1225.00  88.00 26. 70 51. 10 1.28 280. 00
FA g S40-1 1 900.00  88.00 32. 30 51. 10 0.98 187. 00
(2020) S50-1 1 900.00  86.00 43. 20 54. 40 0.70 134. 00
Elad(";vg;fm Ga.o-H 1 900.00  151.00  92.00 62. 60 1.06 140. 00
0F-60S 1 625.00  125.00  38.20 50. 60 2. 81 463. 00
0F-80F 1 625.00  125.00  38.20 50. 60 2.11 486. 00
Mohammed 45016 0F-110S 1 625.00  125.00  38.20 50. 60 1.53 436. 00
(2021) 1. 25F-60S 1 625.00  125.00  39.80 50. 60 2. 81 455. 00
1. 25F-80S 1 625.00  125.00  39.80 50. 60 2.11 506. 00
1. 25F-1108 1 625.00  125.00  39.80 50. 60 1.53 498. 00




