




  

 
     2.1 Cable-stayed Bridge  
     The general layout of the bridge studied in this paper is shown in Fig. 1. Its 
system is a longitudinal-floating-type one. The concrete-box main girder is 300 m, 
which is 13.0 m in width and 4.0 m in height with single track for freight railway. The 
design vehicle speed is 80 km/h. Three-dimensional finite element model of the bridge 
is established in ANSYS, where the girders, towers and piers are modeled by Beam4, 
and cables are modeled by Link8.  

 
Fig. 1 General layout of the cable-stayed bridge studied in the paper (Unit: cm) 

(The relative longitudinal displacement between the left / right tower and the main 
girder is indicated by L_D and R_D respectively. And the longitudinal bending moment 
at the root of the left / right tower is indicated by L_M and R_M respectively) 

 
     2.2 Viscous damper  
     There are four longitudinal viscous dampers installed in the junction of the main 
girder and the pylons. The mechanism model of viscous damper can be illustrated by 
Eq. (1) and simulated through the Combin37 in ANSYS(Liu Huailin and Lan Haiyan 
2011).  

sgn ( )
n

vF C v v  (1) 

where, F is the damping force; Cv is the damping coefficient; v is the relative velocity; 
n is the velocity power function. 
 
     2.3 Braking forces of heavy haul trains  
     Heavy haul trains consist of locomotives and trailers connected by couplers and 
draft gears. It is difficult to build the refined model for that there are many geometric 
and contacting nonlinearities existing in heavy haul trains. The subject of the study is 
more concerned with the longitudinal responses of the bridge, instead of the vehicles 
themselves. Hence, they can be abstracted as a multi-mess spring-damping system. 
(Chou, Xia, and Kayser 2007) (Cole C 2006). For heavy haul trains, the force condition 
of a unit (locomotive or trailer) in longitudinal direction can be illustrated as shown in Fig. 
2. Balance equation of that is established as follows: 

1 ( )i i i i i iM x N N W B i = 1 m     (2) 
where iM , ix  , iB  and iW  are the mass, the acceleration, the braking force and the 
basic resistant force of the ith vehicle, 1iN  and iN  are coupler forces of the ith adjacent 
vehicles.  
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exit. So there are 56 braking typical cases in total. Since the braking process is 
dynamic and time-varying, the maximum responses are extracted for analysis. The 
effect of initial braking speed and position on bridge responses are given in Fig.4. 
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Fig. 4 The effect of initial braking speed and position on the relative longitudinal 

displacement between the towers and the main girder and the bending moment at the 
root of the towers 

     From (a) and (b) in Fig.4, the responses, the relative longitudinal displacements 
between the towers and the main girder, are similar at different speeds smaller than 
50km/h, when the trains starts braking in the bridge entrance. With the initial braking 
speed increasing, the responses become larger. However, it is not true that the higher 
speed the larger response is. When the initial braking speed is near 70km/h, there is a 
maximum for L_D and R_D respectively. As the train moves forward and brakes, the 
responses decrease gradually. The responses fall into the minimum when the initial 
braking position is near the exit, and the initial braking speed has little impact. 
     From (c) and (d) in Fig.4, when the trains starts braking in the bridge entrance, 
there is the maximum of the longitudinal bending moment at the root of towers. The 



 

same si
graduall
The initi
     Fro
and pos
speed, d
position 
unfavora
initial bra

 
 
4. SENS
     Ba
analyses
section. 
and n. A
Both of 
The effe
including
     It 
smaller 
dramatic
very min
kN/(m/s)
nonlinea
when Cv

0.4. Mea
minimize
regular. 
while Cv

     On
of visco
R_D, L_
different
be over
may yet 

ituation is 
y. And the
al braking 
om the abo
ition on the
does not m
has a grea

able brakin
aking posit

SITIVITY A
ased on th
s of visco
As shown

Another ort
the interva

ect of the 
g L_D, R_D
can be se
than 140

cally decre
nor regard
) and n is 
arly with th
v is in the 
anwhile, L_
e R_M. It 
The gene

v is close to
n the whole
us dampe
_M and R_
t among d
r-all consid

cause larg

(a

that the t
e response

speed has
ove analys
e key long

mean that th
ater effect 
ng conditio
tion is -290

ANALYSIS
he the mos
us dampe

n in Eq. (2)
thogonal te
als are div
viscous d

D, L_M an
een that: a
00 kN/(m/

ease; when
dless of th

smaller th
he raise of 
interval fro

L_M chang
is hard to 

eral scopes
o or bigger 
e, there is 

ers and the
R_M. But t

ifferent res
deration an
ge respons

a) L_D 

rain move
s also reac
s little impa
sis, it can b
itudinal res
he larger th
on the brid
n is found:
0.9m. All th

S  
st unfavora
ers acting 
), there are
est is desi

vided into 2
dampers o
d R_M are

a. when Cv

/s), there 
n Cv is bigg
he parame
han 0.3, R
n, while C

om1500 to 
es nonline
illustrate

s are that 
than 4000
an obviou

e key long
he impact
sponses. P
nd proper 
ses. 

es forward 
ch the min
act. 
be seen tha
sponses of
he structur
dge respon
: the initial 
he follow-u

able brakin
on the br

e two varia
gned: Cv 
20 groups 

on the key
e shown in 
v is very s
is a rang

ger than 14
eter n chan
R_D is at t
Cv has little

8000 kN/
early outsid
the corres
n is small

0 kN/(m/s).
us nonlinea
gitudinal re
t of the pa
Parametric
managem

and brake
imum whe

at the effec
f the bridge
ral respons
nse.After c
braking sp

up study is 

ng conditio
ridge respo
ables of a v
 [100, 200

and the to
 longitudin
Fig. 5.  

small, L_D 
ge of n w
4000 kN/(m
nges; b. w
the minimu
e impact; c
(m/s) and 
de this are
sponding r
ler than 0.
. 
ar relations
esponses o
arameters 
c selection

ment, other

es, L_M a
en braking 

ct of the ini
e is great. 
se is . The 
calculation,
peed is 71.
under this

on, the pa
onses are 
viscous da
000] kN/(m
otal amoun
nal respon

is about 0
ith small 
m/s), the d
when Cv is 
um in stab
c. there is a
n is in the

ea; d. there
egions sin
15 or betw

ship betwe
of the brid
of viscous

n of viscou
rwise unsu

(b) R_D

and R_M d
starts nea

itial brakin
The highe
initial brak

, the most 
.9 km/h an

s case. 

arameter s
 performe
mper, inclu

m/s), n  [0
nt of case

nses of the

0.04m; wh
values ma

difference o
 bigger th

ble. R_D in
a minimum

e range fro
e are two 

nce they a
ween 0.25

een the pa
dge, includ
s dampers

us damper
uitable pa

D 

 

decrease 
r the exit. 

g speed 
r the 

king 

nd the 

sensitivity 
d in this 
uding Cv 
0.1, 0.9]. 
s is 400.  
e bridge, 

hen Cv is 
ake L_D 
of L_D is 

han 2000 
ncreases 
m of L_M 
om 0.2 to 

areas to 
re highly 
 and 0.4 

rameters 
ing L_D, 
s is very 
rs should 
rameters 

   



 

Fig. 5 T
 
 
5. OPTIM
     5.1
     As
R_D, L_
optimiza
linearity,
since th
from eac

     5.2
     In 
method 
method,
and take
optimiza
     5.2
     BP
Network
structure
complex
simulate
function
BPNN a

(c

The effect o

MIZATION
1 Optimiza
s mentione
_M and R_
ation objec
, which sho
e change 
ch other, th

2 Optimiza
order to 
BPNN-NS

, BPNN is 
en as the o
ation.  
2.1 BPNN 
PNN is the 
ks with quit
e topology 
x and nonli
e ( )vL_D C ,n

s. There a
as shown in

c) L_M 

of the visco

N 
ation mode
ed above, t
R_M are ta
ctives in E
ould be sim
laws of th

he process
M

s.t

10

0.

   









ation metho
search the

SGA-II com
employed

objective f

one of the
te complet
of BPNN i
near probl
) , ( vR_D C ,n

re 4 BPNN
n Tab.1. 

ous dampe

l   
the key lon
aken as th
Eq. (3) are
mulated ac
he four res
s is a multi

v

Min ( (

(

t.:

00< <20000

1< <0.9

v

v

L_D C ,n

      L_M C ,

C

n

od: BPNN-
e optimum

mbined with
d to simula
unctions, w

e most pop
ely theory
is shown in
ems and o
)n , ( vL_M C

N for each 

 

er on the ke

ngitudinal r
he optimiza
e complica
ccurately in
sponses ar
-objective 

 

) (

) (

0 kN/(m/s)

v

v

n ,R_D C ,n

,n ,R_M C ,

-NSGA-II
m paramete
h BPNN a
ate the ke
while the N

pular and m
system an

n Fig. 6. BP
of fault tole

)v ,n  and R

objective f

ey longitud

responses 
ation goals
ated implic
n an appro
re very diff
optimizatio
)

))

, 

n

 

ers of the
nd NSGA-
y longitud

NSGA-II is 

most widely
nd learning
PNN is cap

erant. Henc
( ))vR_M C ,n

function wi

(d) R_M
dinal respo

of the brid
s, as show
it function

opriate man
ferent and
on. 

 viscous d
-II is propo
inal respon
applied to

y used Artif
 mechanis
pable of de
ce, BPNN i
in Eq. (3) 

th the sam

M 
onses of th

dge, includ
wn in Eq. 
s with hig
nner. Wha

d even inco

(3

dampers, 
osed. In th
nses of th

o do multi-o

ficial Neur
sm. The typ
ealing with
is utilized t
as the obj

me structure

 

e bridge 

ding L_D, 
(3). The 

ghly non-
t’s more, 
onsistent 

3) 

a hybrid 
is hybrid 

he bridge 
objective 

al 
pical 
 
to 
ective 
e of 



 

     5.2
     NS
represen
the mod
incorpor
NSGA-I
the max

     5.3
     Th
four BPN

T

Number of
each

Active 

Learning

2.2 NSGA-
SGA-II (N
ntative and
dified versi
rates elitism
I algorithm

ximum gene

3 Results a
he optimiza
NN with go

Tab. 1 Impo

f neurons fo
h layer 

function  

g process  

-II 
. Srinivas
d efficient a
on NSGA-
m with the

m is shown 
eration is 1

Fig

and Analys
ation is pe
ood perform

Fig. 6 S
ortant para

r Inpu
2

Gradien

s and Kal
algorithm f
-II was dev
e new con
in Fig. 7. 

100 and 60

. 7 Flowch

sis  
erformed b
mances ar

Structure o
ameters of 

ut  Hidd
1

nt descent a

 

lyanmoy 
for multi-o
veloped wh
ncept of cr
In the stud

000, respe

hart of the N

by the hyb
re taken as

of BPNN 

the BPNN

den -1 H
14 
Sigmod func

algorithm wit
and momen

Deb 1994
bjective op
hich has a
rowding dis
dy, the num
ctively. 

NSGA-II al

rid method
s the objec

in the stud

idden -2 
13 

ction 
th variable le
ntum 

4) (Deb e
ptimization
a better sor
stance. Th
mber of ini

 
lgorithm 

d BPNN-N
ctive functio

 

dy  

Output 
1 

earning rate

et al. 200
. Based on
rting algor
he flowcha
itial popula

NSGA-II, w
ons in Eq. 

 

 

02) is a 
n NSGA, 
ithm and 

art of the 
ation and 

where the 
(3), then 



  

NSGA-II is utilized to do optimization process. After calculation, the Pareto optimal 
solutions to the parameters of the viscous dampers are shown in Fig. 8.  
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Fig. 8 Pareto optimal solutions to the parameters of the viscous dampers 

     To filer the Pareto optimal solutions and find the final optimum one, the relative 
reduction of each response, derived from the bridge with and without the optimized 
viscous dampers, is defined as Eq. (4), where the subscript 0 represents the response 
without viscous damper. 

0

0

0

0

( _ - _ )
_ _ 100% (a)

_

( _ _ )
_ _ 100% (b)

_

( _ _ )
_ _ 100% (c)

_

( _ _ )
_ _ 100% (d)

_

Abs L M L M
R L M

L M

Abs L D L D
R L D

L D

Abs R M R M
R R M

R M

Abs R D R D
R R D

R D

 


 


 


 

 (4) 

     Obviously, the relative reduction of each response should be set properly. On the 
one hand, there will be no suitable solutions if the relative reductions are too large. On 
the other hand, with small relative reductions, a valid selection could not be conducted. 
After many trails, all the relative reductions is defined as Eq. (5). Six selection results 
are shown in Tab. 2.  
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 (5) 

Tab. 2 Relative reductions of the responses after selected 
Solution  I II III IV V VI 

Cv (kN/(m/s)) 10123 4517 4186 3967 3961 3932 
n 0.434 0.259 0.273 0.262 0.249 0.255 

R_L_M 25.63 12.52 15.51 14.75 13.16 13.91 
R_L_S 65.05 63.82 63.95 63.62 63.29 63.41 
R_R_M 14.59 10.91 12.68 12.30 11.45 11.82 
R_R_S 50.85 54.95 52.93 53.27 54.35 53.83 

     About solution I, all the relative reductions except R_R_S are smaller than those 
of other solutions. But the value of Cv is too large to be acceptable with too high cost. 



  

Since the larger the value of Cv, the more expensive the viscous dampers are. The 
relative reductions derived from solution II to solution VI are close to each other. 
Integrated with the purpose of the less-cost, the solution VI is chosen as the optimum 
choice, in which Cv =3932 kN/(m/s). n = 0.255. With the optimum viscous dampers, the 
longitudinal displacement of the bridge main girder significantly decreases. 
 
 
6. CONCLUSIONS 
     Based on the longitudinal dynamics vehicle model, the influence of initial braking 
speed and position on the key responses of a cable-stayed bridge are systematically 
investigated. To reduce the responses, parameter sensitivity of viscous dampers is 
performed. Optimization model is established and the proposed hybrid method BPNN-
NSGA-II is utilized to find the optimum parameters. The results show that: a. the effect 
of the initial braking speed and position on the key longitudinal responses of the bridge 
is great. The higher the speed, does not mean that the larger the structural response is. 
The initial braking position has a greater effect on the bridge response; b. the 
relationships between the parameters of viscous dampers and the key longitudinal 
responses of the bridge are high nonlinear , which are completely different from each 
other. Through proposed hybrid method BPNN-NSGA-II, the optimum parameters are 
found: Cv =3932 kN/(m/s). n = 0.255. The longitudinal displacement of the bridge main 
girder significantly decreases by the optimized viscous dampers. 
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