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Table 1. Hydraulic and geometric parameters of experiment.
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Figure 2. ANFIS structure to predict scour depth.
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Table 2. Initial genetic algorithm parameter to optimization of membership function.

s Ak
+J )‘ oo
100 - i
(Initial population)
3 SS sl
300 s
(Number of repetition)
L g Jloz!
0.8 7=
(Crossover probability)
WESNS o
0.1 s

(Mutation probability)

Table 3. Statistical performance of Anfis for various type and number of membership function.

R2 RMSE o313 ¢ 5 S0 A Sl gl m6 sl N e N &
Type of data number of membership function number of membership function
L I
0.994 0.0223 il
(Training) 5
0.976 0.053 o )
(Test) T
1 0 sl Gaussmf
(Training) 3
0.891 0.1046 o
(Test)
L I
0.994 0.0239 il
(Training) )
0.973 0.0586 o
(Test) ke
. 0 sl Trimf
(Training) 3
G0l
0.975 0.1335 7
(Test)
L I
0.994 0.0239 il
(Training) )
RSl
0.799 0.0533 7 B
(Test) sl
. 0 Sl Gbellmf
(Training) 3
0.83 0.1334 o
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L I
0.993 0.0248 il
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RSl
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1 0 \_,1)‘)»] Trapmf
(Training) 3
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(Test)
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Table 4. Statistical performance of Anfis for various radius of influence.

56 oples
0.5 0.45 0.4 0.35 0.3 0.25 0.2 0.15 0.1 =L
radius of influence
0.87 0.859 0.805 0.809 0.824 0.823 0.831 0.831 0.812 R’
0.117 0.1273 0.1415 0.1383 0.1326 0.1328 0.1376 0.1298 0.1391 RMSE
56 oples
0.95 0.9 0.85 0.8 0.75 0.7 0.65 0.6 0.55 =L
radius of influence
0.91 0.919 0.903 0.684 0.496 0.456 0.576 0.723 .0853 R’
0.1494 0.1442 0.1678 0.2707 0.3073 0.3105 0.2463 0.1777 0.1276 RMSE
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Table 5. Statistical performance of ANFIS for number of clusters.

baal o sldas 3
Lasls ¢ 4 Sl L
(Number of clusters) & e
0 s 1 ; s P 3 5 (type of data) (Index)
sl
1 1 0.999 0.969 0.977 0.963 0.964 0.907
(Training) R2
O3l
0.832 0.849 0.793 0.749 0.958 0.941 0.93 0.853
(Test)
sl
0 0 0.0099  0.0183  0.0422  0.0957  0.0587  0.0942
(Training)
) RMSE
055!
0.1345  0.1268  0.1574 0.1654  0.0659  0.0821  0.0885  0.1228
(Test)
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Table 6. Comparison of optimized ANFIS to predict maximum scour depth.

033 & 4 by 48 Jae o g
RMSE R & ARy
Type of data Type of model
5 gol
0.02396 0.994 el
(Training) sdd 4o ANFIS
Ose30 optimized ANFIS
0.02537 0.992
(Test)
12 12
R?=0976 RE=0870
RMSE=0.0530 - RMSE=0.1170 2 (o
a) = b)
08 | " 08 | 27
A
dg s A
(E)ANFIS/EENI u (E)ANFIS/GENZ
A
0.4 | 04
]
= A
AR
0 0 : :
0 04 d, 08 12 0 04 d, 08 12
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12
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RMSE=0.0659 v
08 | © * e
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04 |
o @
0
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Figure 3. Comparison of predicted scour depth results with experimental data for various configuration,

a) GENFIS1, b) GENFIS2 and ¢) GENFIS3.
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Figure 4. Comparison of predicted scour depth results of optimized ANFIS.
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Abstract

Background and Objectives: The main cause of collapse of bridges is scour around bridge
piers. Therefore, knowledge about the effective parameters and estimation of maximum scour
depth has an important role on the safe design of bridges in rivers. The aim of this research is
evaluation of optimized ANFIS parameters with GA on prediction of maximum scour depth and
comparison with all FIS generator of Matlab Toolbox ANFIS.

Materials and Methods: To evaluate prediction of scour depth around inclined bridge piers
located on rectangular foundation using optimized ANFIS parameters with GA and Matlab
ANFIS, 48 sets of experimental data of scour around incline bridge piers were used. To
compare the performance of results, R* and RMSE were utilized.

Results: Analysis of results showed that GENFIS1 generator of ANFIS toolbox in Matlab had
the best performance, which could predict maximum scour with R* and RMSE, 0.976 and
0.053, respectively. Comparison of the predicted scour depths indicated that optimization of
ANFIS parameters had better desired parameters prediction with R* and RMSE, 0.992 and
0.02537 in comparison of ANFIS toolbox in Matlab.

Conclusion: Comparison of results indicated that both ANFIS toolbox in Matlab and optimized
ANFIS could predict desired output, but the study are encouraging and suggest that an
optimized adaptive neuro-fuzzy approach is a powerful tool to model scour depth around
inclined bridge piers group which could reduce RMSE from 0.053 to 0.0254.
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