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Abstract

Construction of bridge piers is expensive, and scouring near them can lead to instability. Without a
suitable solution, it can ultimately result in the structure’s destruction. Therefore, a detailed study is
required to understand this phenomenon and the factors affecting it. This research entails utilizing exten-
sive field data to measure the local scour depth around bridge piers. It proposes an equation comprising
scour-affecting parameters and defines an optimization model to establish this relationship. The decision
variables of this model were determined using a meta-heuristic algorithm called the hybrid gray wolf-
particle swarm (HPSGWO). For this purpose, various relationships were established to ascertain scour
depth, and subsequently, the local scour depth of the bridge piers was calculated, based on these equa-
tions. Root Mean Square Error (RMSE), Relative Square Root (RSR), Nash-Sutcliffe Efficiency (NSE),
Percent Bias (PBIAS), and Correlation Coefficient (CC) were employed as error measurement indices to
evaluate the relationships. Upon comparison of the error measurement indices for the obtained relation-
ships, the best input parameter combination and mathematical relationship for calculating scour depth
were determined. These indices for the superior model are equal to 0.504 m, 0.52, 0.73, 7.7%, and 0.734
for RMSE, RSR, NSE, PBIAS, and CC, respectively. These values show that the equation presented in
this research is suitable for calculating scour depth and is more reliable than the presented experimental
methods. In the proposed relationship, scour depth is directly proportional to the Froude number and the
ratio of base width to water depth while inversely proportional to the average size of bed particles to

water depth.
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Table 3. HPSGWO algorithm setting parameters and minimum and maximum values of variables
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Table 4. Results of Different Scour Models
dua die lagsos,s RMSE(m) cc NSE RSR PBIAS (%)
SF1 G,Fr,g,dyﬂ.; 0.594 0.6435 0.6241 0.6131 -2.0834
SF, s Fr,g,% 0.527 0.7103 0.7038 0.5443 8.508
SFs G,Fr,g,g 0.728 0.5231 0.4343 0.7521 -4.7496
SF4 G,Fr,%,g 0.691 05123 0.4911 0.7133 -8.418
SFs ag%g 0.683 0.5468 0.5027 0.7052 -3.8862
SFs Frg%g 0.590 0.6523 0.6284 0.6096 -2.8789
SF7 5 Fr,g 0.626 0.6068 0.5822 0.6464 4.3190
SFs 5 Fr,% 0.666 05912 0.5266 0.6880 20.6509
SFs 5 Fr,)% 0.825 0.3409 0.2748 0.8516 -11.1568
SF10 g‘% 0.633 0.5831 05726 0.6538 11.0561
SFu 535 0.734 0.5119 0.4256 0.7579 -4.9210
SF1 F?; 0.727 0.5287 0.4359 0.7510 -5.0064
SF13 Fr,g,d% 0.504 0.7339 0.7291 0.5205 7.7300
SFu g%; 0.688 0.5463 0.4946 0.7109 -5.2023
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Table 5. Results of Empirical Relationships for Calculating Scour Depth

i, b w2l RMSE(m)  CC(m) NSE RSR PBIAS (%)
d D 0.65
(Mohamed et al., 2005)-HEC-18 == 2.1(_) Fro43 23189 04018  -504 24579  212.7919
y y
i i d D 0.65
(Richardson & Davis, 2001) & _ 2 opros3 (_) 2.465 04018  -583 2613 227.69
y y
d, dso D L
(Azamathulla et al., 2010) S =fE =2l 2.862 03304 -8.205  3.034 204.55
) dg o DL
(Sharafi et al., 2016) v = f(o, Fr,—,;,;) 0.5074 0.7151 0.7107 0.5378 3.5245

(Sharafi et al., 2016) %4, 5 SF13 Jde (gl Las ob 5,0 sl jasls £J g0
Table 6. Error Evaluation Indices for Model SF13 Using Sharafi et al. (2016) Method

Uas g,dl?.j)‘ ‘_;UAJA"-L&

Jde
RMSE(m) cc NSE RSR PBIAS (%)
(Sharafi et al., 2016) 0.5074 0.7151 0.7107 0.5378 3.5245
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