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Table 1 The equations presented to estimate the amount of bridge scour and the modified equations

with genetic algorithm
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Fig. 5 Comparison of scouring values of the
equations with the measured values at the test
stage: a) Hancu (1971) equation and b)
modified equation
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Fig. 6 Comparison of scouring values of the equations with the measured values at the training stage:
a) (Blench Il 1962) equation and b) modified equation
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Fig. 7 Comparison of scouring values of the equations with the measured values at the training stage:
a) Breusers (1965) equation and b) modified equation

Cawd @ ) (Sl Bas 5l (g5l lade G alal, oy
A Ay 00 (5 S ojlasl aBly yiolie oS Jl> yo o 6
Chitale

=

o asls pyolio abaly 2ol b ol oyl osls oy

s sl @il i Sen iy el s

abl, o el Sglate b Sdg,0ue

dolee ax 51 ol suds 2ol 4 Breusers (1965) ak,
5 s sla asls s ooe Yo Jy axies glosle
9 Gizee abuly )0 o8 (Siaod o pS ol (092 Ol
S0 Sl el Lalgy a2 oo lis 0uls Pl o2
JSs 0 a5 jeblen ol ob (Swiio] Gos oo
b 4.)[) <ol PSS 6‘ﬁ ol 00 o0ls ul.w.: 35 (V)

yyay QL.W.’L: &Y o)Lo..fb & 0,99 “TJT (SR § T .la.:;u d.bu

2


bshahmorady@gmail.com
Typewritten text
109


S)lgrm g paiia 0 )S

e

4

S5 am e oyl 51 I wles,S eslizl ses
Sl 00l 0ols Lid (V) Jouz 0 Laslg,y ol o colazul
> o 3 g3li Laly; b))l slagasls (F) Jooo
Sl (St olie (A) S5 5 (9051 5 Gijsel
nolie Blie o 1) gl Ly, 5l (F i dhewse

s oo las Sty s8lg

5 Laly, wasl ol pasiie () Jpaz 53 45 jsbplen
cerd i s b el s sl 0
“aslh i Jar 5T s, 5 ks (Sias
Ly, ;58 4 cwws MAE 4 E RMSE lbs gla
9 e o boslayiel ses e plas &5 el VL
polie ailg oo e slayel )l FRRCI{E
(Ghazanfari Hashemi and Etemad- Shahidi
2012) Firat and Gungor (2009) , Bateni et al.
toolpiing Laily, S oo 9l 1) alies ol 55 (2009)

9 hel by, 4 cans Jgaz pl o (F) daly ma
o S slas slaasls lls sad POlol Lulg,

Sl Lulpd hadd 598 alal, jo a5 wdl gedge

ol abaly jo ail (Siwciol o jo L8 Cige,

alwgas  Fischenich and Landers (1999) oo
9—90 G ol abaly b anglio jo S5 ok ,eS!

agly 45 0l s cpl Sibled Wl e 45 o i
2 el Koo eslail 4 (0) sy 4l 4 gl 095
o Laily) 0 a5 Hebles g Cencd e (Swial i
Ailos S5 oslazwl yielh cpl 5l 58 pabame S50 0ol 0
oad 23l 5 ol Ly, 5 a0l 4y dzrgs b aslol 4o
9 (Inglis I 1949) (Froehlich 1988) sl
g s a3ls S slhls (Blench 11 1962)
Do ails, ;500 a4 o 1) (Ko o po (i
Ll (57 S5 5 Loy, cnl po Jess slo el el oo
ol dbessas o) colypo oS dlally i slpiiny Cuz
g A Gitren i 0ol (el o] s 4y SIS
L) )3 am Gg sla bl Sl i I (S oS

ol (Sl o (eeS Cuz eoloidiy bl Y Jgox
Table 3 Proposed equations for estimating the bridge base scour depth

SOl bl 0 )los ol buly
1 S=5g°7B%%y*0u°?D 2%y 0%
2 S=0.320g OFBOFYOAIZED_ 0% | 12y
3 S=0.32¢g%""B*®y**®ut*'D, *®u 1 +0.12y
4 S=0.320g 2Byt eD, 0% 4 0,087y +0.278B
5 $=0.32¢g"**B*Py*# 1y D, °%u **° +0.087y +0.24B
6 552 By (Lo By sty Uyon Wy zapy e
v D, gB .

\yYay QL.W.’L: & o)Lo..i: A¥ 0,99 uT.»T (SR § T Ja.ayr.o dJ?u

*


bshahmorady@gmail.com
Typewritten text
110


2

BB

< ]&o.c-la.t‘g) C)Lal BRYE Woijy r“-:-l)?i” S p,l8

2

0303l 9 Ubieel Al e 50 oloriny Ll (slp (Sl Gos ueds o))l slaasls ¥ Jsax

Table 4 assessment indicators for estimating the scour depth for the proposed equations at training and

testing stages
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Fig. 8 Comparison of the actual scour values with the values obtained from equations: a) Proposed 4
and b) Proposed 5 at the test stage
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Abstract

One of the main reasons of bridge destruction is the bridge piers scour. A more accurate
computation of scour depth would lead to a more solid design of bridge piers. Empirical
equations can be applied to compute the scour depth. In this study, the coefficients of 17
empirical equations were optimized using genetic algorithm and fieldwork values. 80% of the
field data were used to optimize the equations and the rest were used to verify them. The RMSE,
MAE, E and R? criteria were applied to evaluate the optimization method where the results
showed the ability of genetic algorithm in empirical equations optimization. The Froehlich
(1988) equation had the highest degree of precision among the empirical equations, so the
genetic algorithm has had the least effect on the optimization of this equation. The optimized
Neill (1964), Melville (1975), Laursen and Toch (1956), Blench Il (1962) and Hancu (1971)
equations with respectively, 75, 72, 71, 71 and 71 percent showed the highest reduction in
RMSE error criteria. The optimized Blench Il (1962) equation with RMSE, MAE, E and R?
criteria equal to 0.57 m, -0.085 m, 62 and 0.65 percent respectively, presented the highest
correlation coefficient and lowest error. In the end, more equations were proposed to predict the
bridge piers scour depth.
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