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2 .Genetic Programing (GP)
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5. Piezoelectric Accelerometers

oy

1. Simply supported
2 Madrid-Sevilla
3. Oblique
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Fig. 1. The deck cross section of the bridge under study (The unit of values is meter) [\¥]
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3.99E10 0.2 2500 232 1015 7E8 14E9 0.088 0.0428 8.467E-3  0.5355 4.6E10 2500
Table 1. Specifications of structures Arroyo Bracea Bridge [14]
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Fig. 2. Location of accelerometers on the bridge deck [14]
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Modal No.

Analysis
13.11 10.80 9.30 Numerical foum (nz)

12.75 10.63 9.25 Field test fexp (1z)
Table 2. Frequency values obtained from modal analysis of bridge structure by two methods of numerical model and field test

3 2 1

S103 5y 51 5L e cals 5 530 Je 25 53 4y o3l Jolo 51 ool Sl slo el s ¥ Jgr

d1o aqo a, Dynamic parameters

(* 10_4m) (m/SZ) (m/SZ) (m/SZ) (m/SZ) Analysis
1.08 0.42 1.19 1.77 1.62 Numerical
1.12 0.29 1.02 1.04 0.889 Field test

Table 3. Results of bridge dynamic parameters obtained from structural analysis of the bridge by two methods: numerical model and
field perception due to S103 train crossing
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5. Symbols

6. Population size

7. Fitness Function
8. Penalty parameters
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1. Andersson and Karoumi
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3. Population
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Fig. 3. Show the process of crossover and mutation in
the creation of the offspring genome of the parent
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7. Crossover

8. Mutation

9. Intensify

10 .Diversify

11. Best Solution
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1. Mean Squared Error

2. Generation

3. Tournament selection

4. Roulette wheel selection
5. Generation gap

6. Offspring
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Fig 4. The process of GP algorithm proposed

Initial data

+~— Yes

@3 Jdo bl GP o, S lasze ¥ Jgor

Run time (s) Iteration Tree length Pop.size Variables No.
49 100 9 70 8
Table 4. The specifications of the GP algorithm fit the numerical model

©olging ﬁ)ﬂlélﬁ@,\pj”%éuwﬁw O Jsd=

Error Range of

Ref. percent value SD Avg. Quantity Var.
23] 2.67 3921-4059 39.07 398895  #107Pa  Eplate
[24] 22 24452555 33.29 249819 %9/ o ppie
[24] 22 226238 3.65 23197 Ky, ma
[24] 22 992-1038 13.41 101500 K9/ . mas
25 1 8717-8888 49.86 8799.98  «10-5m*  Ien
25] 1 4237243228 24458 4280592 %107Sm* Iy
23] 2.67 4520-4680 46.1 459808  *107m*  Ex
25 1 5301-5409 31.16 535492 «10~*m* A

Table 5. Values of independent variables of numerical method for the proposed algorithm

Sl gl 5 ARSI slaasls bl (s3lgning w25 s (Sl odd nnd aiemls Slajoize slie £ gk

Ref. pE:g:; . Rav:ﬁfe"f SD Avg. Quantity Var.

[26] +0.01 924-926 0.817 924944  x10%Hz f4

[26] +0.01 1062-1064 0.814 106298  «102Hz  f, The
26] +0.01 1274-1276 0.813 1275004  +102Hz  f3 0?&1“;;‘:35
[26] +0.01 1791-1793 0.816 1792025  *102Hz f,  modes
[26] +0.01 2456-2458 0.817 245695  x10®Hz  fs

(271 0.56%  8885-8895  3.0999 8890.03  *10°™/> a,

[27] 0.56%  10370-10429  17.548 10400282 *10*™/ > a5 yertical
[27] 0.56%  10171-10228  16.444 1019948 ~ *10*™/, q, acceleration
[27] 0.56 % 289-1902 1.404 2899.94  *x10*™/ ., ay,

[28] 0.56%  111720-112280  16.654 11199690 *10°m dqo Relocation

Table 6. Values of dependent variables determined for the proposed algorithm based on laboratory data and equipment error
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ependent
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4598.08 4598.08 42805.92 8799.98 1015.08 231.97 2498.21 3988.98 f1 =9.2499

£(x) = (0/03178)Eprare + (0/01143)ppiare + (0/02735)maqy + (0/00904)m, gy + (0/01615)1,, + (—0/00353)4,
4598.08 4598.06 42806.15 8799.98 1015.08 231.97 2498.22 3988.98 f> =10.6299
£(x) = (0/01614)py1ate + (—0/02949) Mgy, + (0/03033) 1, + (=0/03877)1,, + (—0/00951)E, + (—0/00848)A,
4598.08 4598.007 4280570 8799.98 1015.08 231.97 249829 3988.98 f; =12.75005
£(x) = (0/01982)Ey a1 + (0/05617)ppiare + (0/02454)myq; + (0/01185)m gy, + (0/03645)1,, + (—0/03988)E,
4598.08  4597.95  42805.92  8799.98 1015.08 231.97 249822 3988.98 f, =17.92025
£(x) = (0/05602)Ey q10 + (0/01884)p, 1000 + (0/05697)m gy + (0/01635)m, 4, + (—0/06718)E, + (—0/01882)A,
4598.08 4598.06 42805.79 8799.98 1015.09  231.97 2498.11 3988.98 fs =24.5695
F() = (=0/038)E,rre + (—0/02098)p1000 + (—0/01539)m g, + (—0/03906)1L,,, + (0/02144)1,,, + (—0/00894)E, + (0.00772)A,
4598.08 4598.08 42806.007  8799.98 1015.09  231.97 2498.19 3988.98 a, =0.889003
f(x) = (=0/05945)E, 40 + (0/054)maq1 + (=0/01323)my g, + (0/01786)1,, + (=0/01446)1,, + (=0/02751)A,
4598.08  4598.10 42806.17  8799.98  1015.09 231.97 2498.15 3988.98 as =1.040028
f(x) = (=0/02807)Eyiate + (—0/01852)pp 100 + (—0/01852) Ly, + (—0/04271)1,, + (0/01216)E,
4598.08 4598.18 42805.88 8799.98 1015.09 231.97 2498.19 3988.98 a, =1.019952
f(x) = (=0/02417)Ep 1410 + (0/01569)maq1 + (—0/02343)mgqz + (=0/0168) Ly + (0/00586)1,, + (0/05418)E,
4598.08  4597.99  42805.92  8799.98 1015.09 231.97 2498.22 3988.98 a;, =0.28999
£(x) = (0/04062)Ey 1400 + (0/01724)ppiare + (0/02156)maqy + (—0/0423)myq, + (0/00772)1,, + (—0/0475)E,
4598.08 4598.17 FYAQ/AYY 8799.98 1015.08 231.97 2498.19 3988.98 dyo =1.11997

f(x) = (0/01537)Epjare + (0/03605)myq; + (0/03039)m gy, + (—0/05184) Ly, + +(0/04706)E,

Table 7. Values and relationships obtained from the proposed algorithm for the accuracy of the numerical model
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Fig. 5. Comparison of frequency values of 3 elementary modes of the structure obtained from the numerical model with field values

04



O, Ken g o3ly Slid ol

el g palel) oy (Salys Jie isucds

e palie b (g3ue Jde 3l J..ol> sl ols olis anslis JS.::

wn

2/40 o ©
—

2/00 s 9 - g < N —F
S0 a5 S0 8
£ 1/20 S = — 9 o
E os80 a5
c
S 0/40 = l
® |
g 0/00
E 4 Sensor No. 6 10
2 B Field results B Before GP Ontimal model

Fig. 6. Comparison of acceleration values obtained from numerical model with field values

Vo i Coppd g 53 Sl 3lie b g3de 31 Jol GO ois Sislie avulie V(IS

1/12

1/20
~
< 0/90
E
c 0/60
2
-
s 0/30
o
K 0/00

B Field results

[<]
o

—i

1/05

Sensor 10
B Before GP

Ontimal model

Fig. 7. Comparison of numerical displacement values obtained with field values at sensor position 10

i3y gl (GP) K85 o sia0b 2 o, 531 51 bzl
Ol 5 el 5o Sl ¢ o (Sools Sl ode Lo @
b ol s conlpl 213 525 Olirn OF 550 5 a5
5 besls GP o, Sl ealeniny o, S0 51 eslinud
o3l by b gl e e 4 b il
Al Jsda r“wf\” ol 03 sl hsulds
L 36 51 Sl slgiy o Sl sl S edel oty

e 5155l goue Je CLu s bl s r’%)_}iﬂ s~

=l A5 sl OF sl 5 o3lu pm 4 b e sla bl

1305 oWl 25 35l ge 4 Ol g e M5y Slasslis (n S
Slapt, S ol & Cuns GP ) S g 6Llse 51 (S @
sl Gl pite ol aag dlal ) SN 5 S
Lol bl Bl plo @ Jaily ) orand OG5 Jiwe
P Cl sy ol o3 edd ime GP 2 S ol
S il B 55 Ol (o0 sl S8 55 51 S
el Rl (ks OO 8 8 s b s e
oo s Jdow 3 ol Jae Selus gla el 5 s

JJ.A Gb 8 LJ’:"-'.‘J’%‘ —r _)a_u\}) L«"-'-\ C».w\ o s 4..‘\)1

N

)JASQMIJSSQP"Y‘(VUO) sla IS b ey
Lls Ol = b s e AL il gsldae LT
sl |y Gl 5 Slen o mi 2dly Cunss b g3l
bS5 Ll Lyl Je S bl s e L
sslie 5 el Lol gl e Sl Sl s (il
5 S bl 5ld ol bl ol gash o Sl
o 5D a8l Wl @ MS,L ll i 55 Jhe ) 2 &5
03 Sl Ol (OB 50 s b 5 (5o L Sl
gl Okl Blas w ke 4 oyl 3y OBl e
ol Sl GP olgiy V::.)}fjl Gk 3l dde (Dl

G

Olalgdy 9 G -0
bos oy bl o ba |y (ool Sl Coanl 4 55 L
b obas e sla Joloss ol (VL 235 (N (S5l Sl
22 7 ol et s Conl Ceal Pl Sl Ol
Sl Jelos s (il sk 4 Sas o, Sl eslind
Sy ol bl sl ¢l>.u.‘ e pslie el b g3ae



Ve JL/# OJM/cJJJMOJ}.}

e Ol e (pmidige (a5 = (oede dloe

&=y

1 .EKSLER V. 2013 Intermediate report on the
development of railway safety in the 4
European Union. European Railway Agency
Safety Unit 5,
2 .Oldknow K. D., Eadie D. T. Top of rail
friction control as a means to mitigate
damaging lateral loads due to overbalanced
operation of heavy axle load freight traffic in
shared high speed rail corridors. In: 2010 Joint
Rail Conference, 2010. American Society of
Mechanical Engineers Digital Collection, pp
27-35
3 .Andersson A., Karoumi R. Dynamics of
railway bridges, analysis and verification by
field tests. In: 6th International Conference on
Experimental Vibration Analysis for Civil
Engineering  Structures, EVACES 2015;
Dubendorf, Zurich; Switzerland; 19 October
2015 through 21 October 2015, 2015. EDP
Sciences ,
4 Johansson C., Nuallain N. N., Pacoste C.,
Andersson A. 2014 A methodology for the
preliminary assessment of existing railway
bridges for high-speed traffic. Engineering
Structures, 58, 25-35
[S] 5 .Chopra R. (2009) Guidelines and
Specifications for Design of Formation for
Heavy Axle Load. Governmant of India ,
6 .Casavant K., Tolliver D. D. (2001) Impacts
of heavy axle loads on light density lines in the
state of Washington. Washington State
Department of Transportation Olympia ,
7 .Rocha J., Henriques A ,.Cal¢ada R. 2012
Safety assessment of a short span railway
bridge for high-speed traffic using simulation
techniques. Engineering Structures, 40, 141-
154
8 .Cantero D., Karoumi R. 2016 Numerical
evaluation of the mid-span assumption in the
calculation of total load effects in railway
bridges. Engineering Structures, 107, 1-8
9 .Zhang N., Tian Y., Xia H. 2016 A train-
bridge dynamic interaction analysis method
and its experimental validation. Engineering, 2
(4), 528-536
[10] 10 .Vega]., Fraile A., Alarcon E ,.Hermanns L.

2012 Dynamic response of underpasses for

high-speed train lines. Journal of sound and

vibration, 331 (23), 5125-5140

(1]

S el C»Lu PTG ) By OV WS | L R
ol ool s o slaadaly 51 a ol Sl Sils
o o e e 5 (S sl o 5 el el
o 5 s ol D, 53 Fse b bl JeSS L AL
Clasio b b b @lp 5 Vslas opl 328 <l
s s s Lt pas Ol e (ST Olidos s alie
Lo bl S Jdos 5 (o) by s DG
3305 wald |y Sl 2alS
SIS ol r‘wﬂ‘ el ol ag Ly e
Gt 2 e LS el it s el gl ol 2
sl glaesls Sl eliS o by e pslie cab gy o el
Sodsn s Loz gl w oshe el Jde 5
A dal e gade sladde CLJ
Il ge slafelosi 3 ot 28l s (olgiy oS @
3le 5l YoMV 28l losla o g 350 sl VAT G
o3l 4l e Sl gewd O Lusd sl YIPAL ialS 5 Clis
GP o, 8 s 5 Shoe Sl mls pl cpl ol A2
Al e Wosls asucds 5 lallas 2alS s
Oljee 4y b, S 25 3s Ol a5 Codls a5 il
S35 Ul 4 s 5 Sl (6 S 1l sl s
il s WO Bl slie U (gade ladie 3 (o5 ,4e polis
S pl pede iige Bos o3 3 Kos G Sl el
alegs Ol (il Cenl Sl a5 Gl Ol e
& SR e S Dl 53 5 g2 se S Tess sl
(ST Sl 53 48 545 e gt olal cpl oty ol
Lo golgi V::.)_}fjl BERELEVY @U Ope w MAC axls
Wlio pl 53 o2, s See L 0T s 5 3,8 513
lgi S sl sl g pslie s 5 s 4 lie
GP o, S ol o 5 Lo, ple 51 eslinad L
Glp ol Slslgiig s Sl b mbl Sl 4

ol ST e i

7

1 .Eigen Vector



O, Ken g o3ly Slid ol

el g palel) oy (Salys Jie isucds

nitrophenols by activated carbon using genetic
programming. Journal of Cleaner Production,
161, 860-870

[22]122 .Cervantes L., Castillo O., Hidalgo D.,
Martinez-Soto R. 2018 Fuzzy dynamic
adaptation of gap generation and mutation in
genetic  optimization of type 2 fuzzy
controllers. Advances in Operations Research,
2018,

[23]123 .Lezgy-Nazargah M., Emamian S.,
Aghasizadeh E., Khani M. 2018 Predicting the
mechanical properties of ordinary concrete and
nano-silica concrete using micromechanical
methods. Sadhana, 43 (12), 196

[24] 27 .Montes F., Valavala S., Haselbach L. M.
2005 A new test method for porosity
measurements of Portland cement pervious
concrete. Journal of ASTM international, 2 (1),
1-13

[25]25 .du Bois J. L., Lieven N. A., Adhikari S.
2009 Error analysis in trifilar inertia
measurements. Experimental Mechanics 49
(4), 533-540

[26]26 .ENDEVCO  (2004)
accelerometer Model 86 .

[27]27 .Ren Z., Jia Z., Zhang J., Shang Y., Gao S.
2013 Research on the dynamic error and
acceleration compensation for the piezoelectric
sensor. Sens Transducers J, 153, 118-123

[28]28 .Mansour S. Z. Seethaler R. 2017
Simultaneous  displacement and  force
estimation of piezoelectric stack actuators
using charge and voltage measurements.
IEEE/ASME Transactions on Mechatronics, 22
(6), 2619-2624

[29] 29 .George D., Mallery P. 2019 IBM SPSS
statistics 26 step by step: A simple guide and
reference. Routledge.

Piezoelectric

Y

[11] 11 .Zangeneh A., Svedholm C., Andersson A.,
Pacoste C., Karoumi R. 2018 Identification of
soil-structure interaction effect in a portal
frame railway bridge through full-scale
dynamic testing. Engineering Structures, 159,
299-309

[12] 12 .Costa C., Ribeiro D., Jorge P., Silva R.,
Aréde A., Cal¢ada R. 2016 Calibration of the
numerical model of a stone masonry railway
bridge based on experimentally identified
modal parameters. FEngineering Structures,
123, 354-371

[13]113 .Malveiro J., Ribeiro D., Calcada R.,
Delgado R. 2014 Updating and validation of
the dynamic model of a railway viaduct with
precast deck. Structure and Infrastructure
Engineering, 10 (11), 1484-1509

[14] 14 .Galvin P., Romero A., Moliner E.,
Martinez-Rodrigo M. D. 2018 Two FE models
to analyse the dynamic response of short span
simply-supported oblique high-speed railway
bridges: Comparison and experimental
validation. Engineering Structures, 167, 48-64

[15] 15 Lin S.-W.,Du Y.-L., Yi T.-H., Yang D.-H.
2022 Model Updating Using Bridge Influence
Lines Based on an Adaptive Metamodel Global
Optimization Method. Journal of Bridge
Engineering, 27 (3), 04022003

[16] 16 .Shi Z., Hong Y., Yang S. 2019 Updating
boundary conditions for bridge structures using
modal parameters. FEngineering Structures,
196, 109346

[17]117 .Gao L., An B., Xin T., Wang J., Wang P.
2020 Measurement, analysis, and model
updating based on the modal parameters of
high-speed  railway  ballastless  track.
Measurement, 161, 107891

[18] 18 .Malveiro J., Ribeiro D., Sousa C., Cal¢ada
R. 2018 Model updating of a dynamic model of
a composite steel-concrete railway viaduct
based on experimental tests. Engineering
Structures, 164, 40-52

[19] 19 .Center R. H. U. D. R. 2015 Earthquake
Design Regulations (Standard 2800 Iran).
Ministry of Roads & Urban Development (In
Persian) ,

[20] 20 .Ribeiro D., Calgada R., Delgado R., Brehm
M., Zabel V. 2012 Finite element model
updating of a bowstring-arch railway bridge
based on experimental modal parameters.
Engineering Structures, 40, 413-435

[21] 21 .Emigdio Z., Abatal M., Bassam A., Trujillo
L., Juarez-Smith P., El Hamzaoui Y. 2017
Modeling the adsorption of phenols and



Oy Ka g ool) Slad oyl el g palel) oy (Salys Jie isucds

MRS Cow yg8 —A
K1 e
m? s 5 aoie mlow cols 4,
/8% ol gt 5l ekl Gy sy D3 slie g
M O oogled g Lokl 4wl O 5 i ()
Pa i e s amiv NI dgte Epyye
Pa a5 sV Jse E,
Hz (e (bl 2o sledel s w o3l 085 £
HZ i sp s ojle 55 f;
Hz glae bl i, el s wyo3le 085 £
mt s, Job lays el Oles Ly
Mt s 5 Glass el Ol L
Pa e s o0k
N/M? (Sl sl sln @36 5 Ko
N/m? (Sl bl slp o6 o K
Kg/m? womiv 6580 25w er Maas
Kg/m? wmio 1S i 0 Mg
ﬁ)ﬂlhﬁjam«@wﬁ>uﬁ Y;
IECETEL T &
Sla e
kg/m® o Jis wmio o S poiare
kg/m’ a5 o JEs p,

as e dls amio ;))“.)'i D MUplate

Y



Oy Ka g ool) Slad oyl el g palel) oy (Salys Jie isucds

Calibration of the Dynamic Model of the Concrete Bridge
Railway by Genetic Programing Algorithm

Amin Shafaei-Zadeh!, Ahmad Reza Jafarian-Moghaddam?*, Alireza Gharighoran®

1. MSc, Railway Engineering, Faculty of Civil Engineering and Transportation, University of [sfahan, Isfahan,
Iran

2. Assistant Professor, Railway Engineering, Faculty of Civil Engineering and Transportation, University of
Isfahan, Isfahan, Iran

3. Assistant Professor, Civil Engineering, University of Isfahan, Isfahan, Iran

* ar.jafarian@trn.ui.ac.ir

Abstract

In the present study, the results of two numerical finite element models prepared for the dynamic behavior of a
concrete bridge in the rail transport network have been modified using the GP algorithm compared to the field data.
In this research, taking into account the logical error for the data obtained from the two numerical models and field
survey, in addition to modifying the results of models in the field of frequency, acceleration and displacement, the
assumed values in the analyses in the error range should be corrected. The results of the GP algorithm showed the
success of the algorithm in reducing errors between numerical and field results; so that the errors are limited in the
range of 1073%. The bridge studied in this paper is the Arroyo Bracea Bridge in Spain that is made of concrete
beams and slabs. This is a bridge with two 15.25 m spans and a 45-degree angle with I-shaped beams crossing two
railways. This bridge is modeled with two finite element methods and then is measured via a field survey to evaluate
the results of the both models. Then, the difference between the results of the two numerical models and field survey
is reduced by proposing the GP algorithm. This bridge is modeled by SAP2000 using orthotropic plate, isotropic
plate and beams model. In both models, 6 degrees of freedom are considered for each point, and the interaction
between the train and the bridge is neglected. The values of mass, modulus of elasticity, cross-sectional
specifications, and degree of stiffness of the support are determined for each model. Accuracy of dynamic
parameters was obtained from the studied bridge and experimental samplings are conducted from two finite element
models. In addition to surveying the dynamic specifications of the soil around the bridge, in this study, the natural
frequency of the bridge is obtained with analysis of modals and values of acceleration and displacement in traffic
load conditions by installing the piezoelectric accelerometers at 11 points of the bridge. In this study, the soil
characteristics around the bridge were also examined. First, by explaining the basics of the GP algorithm, the
algorithm prepared in this article was introduced. The data on cross-sectional values, modulus of elasticity, and
mass were selected as effective parameters from the initial data of the models and were randomly recorded along
with field data in the error range of 1000. For having data with the same level, the values of parameters were
normally distributed. Then, by implementing the algorithm proposed for the initial data of each model, a
mathematical equation was presented per field data. These equations, in addition to reducing the error of the results
of the model, also modify the initial data by providing correction coefficients. The proposed algorithm reduces the
error data by 20.31% for acceleration on the part of the bridge deck. Given the importance of dynamic behavior of
the bridges in high-speed or heavy-load lines, the high accuracy of the results of the analyses related to this behavior
is very important. However, the use of GP algorithm for calibration in analysis of bridge dynamic behavior is very
restricted and there is still a possibility of development and improvement. One of the achievements of this paper is
that it can be used in similar issues by providing mathematical equations, modifying initial parameters with
correction coefficients, and significant reduction in error values. For further research, it is also suggested to
investigate the matching factor in specific vectors in the modal analysis via this method. Determining the optimal
values of the proposed algorithm parameters using the other methods and sensitivity analysis of GP algorithm
compared to the changes in parameters are among the other proper suggestions for subsequent research.

KEYWORDS: Dynamic model, Concrete Railway Bridge, Arroyo Bracea Bridge, Calibration, Genetic
Programming Algorithm.
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