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Evaluation of the Bending Moment of FRP
Reinforced Concrete Using Artificial Neural Network
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Abstract

In this study, Multi-Layer PerceptrondMLP) among models of  Artificial  Neural
Network(ANN) is used for the development of a model that evaluates the bending capacities
of reinforced concrete beams strengthened by FRP Rebar. And the data of the existing
researches are used for materials of ANN model. As the independent variables of input
layer, main components of bending capacities, width, effective depth, compressive strength,
reinforcing ratio of FRP, balanced steel ratio of FRP are used And the moment performance
measured in the experiment is wused as the dependent variable of output layer. The
developed model of ANN could be applied by GFRP, CFRP and AFRP Rebar and the model
is verified by using the documents of other previous researchers. As the result of the ANN
model presumption, comparatively precise presumption values are achieved to presume its
bending capacities at the model of ANN(0.05), while observing remarkable errors in the
model of ANN(.1). From the verificaion of the ANN model, it is identified that the
presumption values comparatively correspond to the given data ones of the experiment. In
addition, from the Sensitivity Analysis of evaluation variables of bending performance,
effective depth has the highest influence, followed by steel ratio of FRP, balanced steel ratio,
compressive strength and width in order.
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Table 1 MHATLXZE

Reference Beam notation V&(;;;gh D(em[;lt)h f o (MPa) o /(%) o0 b(%) M expt. Experimental mode of failure
Beam 2 150 200 32.56 0.23 0.49 5.89 FRP rupture
Beam 4 150 250 32.56 0.17 0.49 7.85 FRP rupture
a8 Beam 6 150 300 32.56 0.14 0.49 10.79 FRP rupture
Ashotur Beam 8 150 200 5393 0.23 0.84 5.89 FRP rupture
Beam 10 150 250 58.93 0.17 0.84 9.48 FRP rupture
Beam 12 150 300 58.93 0.28 0.84 16.75 FRP rupture
1SO2 200 300 50.59 1.13 0.77 80.40 Concrete crushing
Benmkrane"” 1S03 200 550 50.59 057 0.83 181.70 FRP rupture
1SO4 200 550 50.59 0.57 0.83 181.70 FRP rupture
1SO30-2 200 300 49.41 1.06 0.71 80.40 Concrete crushing
KD30-1 200 300 49.41 1.06 0.69 50.60 Concrete crushing
KD30-2 200 300 49.41 1.06 0.69 63.80 Concrete crushing
KD45-1 200 450 61.18 0.68 0.84 106.60 Concrete crushing
Benmkrane'"” KD45-2 200 450 61.18 0.68 0.84 113.00 Concrete crushing
1S055-1 200 550 49.41 0.55 0.71 181.50 FRP rupture
15055-2 200 550 49.41 0.55 0.71 181.50 FRP rupture
KD55-1 200 550 49.41 0.55 0.69 146.90 FRP rupture
KD55-2 200 550 49.41 0.55 0.69 172.50 FRP rupture
B 200 210 36.47 3.60 0.17 36.50 Concrete crushing
Alsayed(:” C 200 260 36.47 1.20 0.27 48.10 Concrete crushing
D 200 250 48.24 2.87 0.57 53.98 Concrete crushing
1 152 152 42.24 0.38 0.40 7.04 FRP rupture
2 152 152 43.41 0.38 0.41 6.64 FRP rupture
Brown and = P N
Bartholomew® 4 152 152 45.76 0.38 0.43 7.23 FRP rupture
5 152 152 46.94 0.38 0.44 7.35 FRP rupture
6 152 152 48.12 0.38 0.45 6.75 FRP rupture
1FRP1 381 203 3247 0.12 0.34 11.49 FRP rupture
1FRP2 381 203 3247 0.12 0.34 12.67 FRP rupture
1FRP3 381 203 32.47 0.12 0.34 11.49 FRP rupture
2FRP1 318 216 3247 0.13 0.34 13.62 FRP rupture
2FRP2 318 216 3247 0.13 0.34 13.26 FRP rupture
Yost™ 2FRP3 318 216 3247 0.13 0.34 13.06 FRP rupture
4FRP1 203 152 32.47 1.27 0.34 15.78 Concrete crushing
4FRP2 203 152 3247 1.27 0.34 15.58 Concrete crushing
4FRP3 203 152 32.47 1.27 0.34 16.29 Concrete crushing
S5FRP1 191 152 32.47 1.35 0.34 16.37 Concrete crushing
S5FRP2 191 152 32.47 1.35 0.34 16.65 Concrete crushing
5FRP3 191 152 3247 1.35 0.34 15.78 Concrete crushing
CB2B-1 200 300 61.18 0.69 0.65 57.90 Concrete crushing
CB2B-2 200 300 61.18 0.69 0.65 59.80 Concrete crushing
CB3B-1 200 300 61.18 1.04 0.66 66.00 Concrete crushing
) CB3B-2 200 300 61.18 1.04 0.66 64.80 Concrete crushing
Masmoudi - - p = = n "
CB4B-1 200 300 52.94 1.47 0.59 75.40 Concrete crushing
CB4B-2 200 300 52.94 1.47 0.59 71.70 Concrete crushing
CB6B-1 200 300 52.94 2.20 0.60 84.80 Concrete crushing
CB6B-2 200 300 52.94 2.20 0.60 85.40 Concrete crushing
Grace”’ ch-st 152 350 56.78 0.23 0.26 5191 FRP rupture
BC2HA 130 180 67.29 1.24 0.62 19.70 Concrete crushing
BC2HB 130 180 67.29 1.24 0.62 20.60 Concrete crushing
BC2VA 130 180 114.59 1.24 1.02 22.70 Concrete crushing
Theriault®® BC4ANB 130 180 54.35 2.70 0.36 20.60 Concrete crushing
BC4HA 130 180 63.41 2.70 0.44 21.00 Concrete crushing
BC4HB 130 180 63.41 2.70 0.44 21.40 Concrete crushing
BCAVA 130 180 110.00 2.70 0.85 28.40 Concrete crushing
BC4VB 130 180 110.00 2.70 0.85 29.50 Concrete crushing
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Table 2 =¥ Z 1}
notation (0.05) 0.1) 0.05) % ©0.1) %
Beam?2 5.89 4.707 7.672 20.1 30.3
Beam4 785 11746 10.026 496 217
Beam6 10.79 16.262 16.028 50.7 485
Beam8 5.89 4.244 8.246 279 40.0
Beam10 9.48 10.901 12.023 15.0 26.8
Beam12 16.75 14687 27548 12.3 64.5
1502 80.40] 79175 75499 15 6.1
1S03 18170  158.077]  182.609 13.0 05
1504 181.70]  158077]  182.609 13.0 05
1S030-2 80.40]  67563]  71.466 16.0 111
KD30-1 50.60]  61.073]  71.113 20.7 405
KD30-2 63.80]  61.073] 71113 43 115
KD45-1 106.60]  107.464]  113.743 0.8 6.7
KDA45-2 11300  107.464] 113743 49 0.7
1S055-1 18150  168739] 175822 7.0 3.1
1S055-2 18150  168739]  175.822 7.0 3.1
KD55-1 14690  169.768]  173.024 156 17.8
KD55-2 17250]  169.768]  173.024 16 0.3
B 3650] 35340 32268 32 11.6
C 48.10] 46456 35883 34 25.4
D 5398]  61.392]  59.232 13.7 9.7
1 7.04 6.594 4331 6.3 385
2 6.64 6.713 4574 1.1 31.1
4 723 6.961 4,982 37 31.1
5 7.35 7.083 5.154 36 29.9
6 6.75 7213 5.310 6.9 21.3
1FRP1 11.49 12.930 10.996 125 43
1FRP2 12.67 12.930 10.996 2.1 13.2
1FRP3 11.49 12.930 10.996 125 43
2FRP1 1362 11.651 8,666 145 36.4
2FRP2 13.26 11.651 8,666 12.1 34.6
2FRP3 13.06 11.651 8,666 10.8 336
4FRP1 15.78 15.260 11.169 3.3 29.2
AFRP2 1558 15.260 11.169 2.1 28.3
4FRP3 16.29 15.260 11.169 6.3 31.4
5FRP1 16.37 16.647 13.021 17 205
5FRP2 16.65 16.647 13.021 0.0 21.8
5FRP3 15.78 16.647 13.021 55 175
CB2B-1 5790  56.781] 53787 19 7.1
CB2B-2 59.80]  56.781| 53787 5.0 10.1
CB3B-1 66.00]  61519]  70.612 6.8 7.0
CB3B-2 64.80]  61519] 70612 5.1 9.0
CB4B-1 7540]  79.822] 71625 59 5.0
CB4B-2 7170 7982 71625 113 0.1
CB6B-1 84.80] 81197 73122 42 13.8
CB6B-2 85.40]  81.197] 73122 49 144
ch-st 5191 50.020]  47.592 36 33
BC2HA 19.70]  22372]  23.339 136 185
BC2HB 2060] 22372 23339 86 13.3
BC2VA 2270]  28720] 37644 265 65.8
BCANB 2060]  22938] 25915 11.3 25.8
BCAHA 21.00] 22631 23.759 78 13.1
BC4HB 2140 22631 23.759 58 11.0
BCAVA 2840] 25701 24.029 95 154
BC4VB 2950] 25701 24.029 12.9 185
B 10% 19.4%
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Table 3 ANN 28 AZ
. Target Target
Reference Beam notation \ZVldt})l I()ept})l fa Pr “ M expt z)lg% T/([)m{(; of error | of error
r 0, 0, . LUC .
T | MPa)y | 06 | (6) ’ 005% | (01)%
GB1-1 180 300 41.18 0.53 0.60 60.00 51.282| 39.125 14.53 34.79
GB1-2 180 300 41.18 0.53 0.60 59.00 51.282| 39.125 13.08 33.68
Toutanii™ GB2-1 180 300 41.18 0.79| 0.62 65.00 53.506| 51.518 17.68 20.74
utan) GB2-2 130 300 41.18] 09| 062] 64.30] 53506] 51518 16.78 19.837
GB3-1 180 300 41.18 1.10{ 0.63 71.00 64.084| 70.723 9.74 0.39
GB3-2 180 300 41.18 1.10| 0.63 70.50 64.084| 70.723 9.10 0.31
Pecce? F2 500 185 35.29 0.70| 0.33 36.80 41.583| 13.532 12.99 63.22
F3 500 185 35.29 1.22| 0.26 60.70 75.090| 12.276 23.70 79.77
COMP-00 200 240 41.65 1.33| 0.41 40.25 46.739| 37.584 16.12 6.62
Almusallam COMP-25 200 240 42.82 1.33] 0.30 40.25 42.987| 31.643 6.80 21.38
1) COMP-50 200 240 42.94 1.33] 0.30 40.25 42.917| 31.604 6.62 21.48
COMP-75 200 240 4412 1.33] 0.31 44.28 42.393| 31513 4.26 28.83
GB5 150 250 36.71 1.36] 0.29 40.30 39.299| 36.800 2.48 8.68
D a4 GB9 150 250 46.82 1.36] 0.36 39.73 34.580| 37.031 12.96 6.79
uranovie GBI0 150 250 1682]  136] 036] 3950] 34580 37.031 1245 6.25
GB13 150 250 52.81 091 0.39 32.68 32.121| 30.179 1.70 7.65
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