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Behavior of cable-stayed bridges under dynamic 
subsidence of pylons
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Abstract. Cable-stayed bridges are often used in modern bridge engineering for connecting two
geographical points of long distance. A special load case to cable-stayed bridges is earthquake, which can
produce horizontal as well as vertical movements on the pylons of the bridge. These movements may be
transient in nature, i.e., only resulting in the transient vibration of the bridge, but causing no damage
consequences. In some extreme cases, they may cause permanent subsidence on one or more pylons of
the bridge. In this paper, the effect of pylons’ subsidence on the dynamic deformations of the bridge and
on the cables’ strength is thoroughly studied. Conclusions useful to the design of cable-stayed bridges will
be drawn from the numerical study.
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1. Introduction

Cable-stayed bridges have been developed since the beginning of the 18th century as described by

Leonard (1972), but they have been of great interest to engineers only in the last 60 years,

particularly due to their special shape and also because they constitute an alternative solution to

suspension bridges for connecting two geographical points of long distance (Troitsky 1988). The

main reasons for their delayed application were difficulties in their static and dynamic analysis,

various non-linearities, absence of computational capabilities, as well as lack of high strength

materials and construction techniques. Nowadays, numerous studies emerged in the literature

concerning the static behavior of cable-stayed bridges, such as the studies by Fleming (1979),

Kollbruner et al. (1980), Bruno and Grimaldi (1985), Gimsing (1997), Khalil (1999), Virgoreux

(1999), Michaltsos et al. (2003) and Freire et al. (2006). Among the studies concerning the dynamic

analysis of cable-stayed bridges are the ones by Fleming and Egeseli (1980), Nazmy and Abdel-

Ghaffar (1990), Abdel-Ghaffar and Khalifa (1991), Chatterjee et al. (1994), Bruno and Golotti

(1994), Achkire and Preumont (1996), Michaltsos (2001), Konstantakopoulos et al. (2002), Wang et

al. (2010) and Mozos and Aparicio (2010). The stability aspects of cable-stayed bridges have also

been studied by Ermopoulos et al. (1992), Bosdogianni and Olivari (1997), Michaltsos (2005),

Michaltsos et al. (2008), Michaltsos and Raftoyiannis (2009) and Raftoyiannis et al. (2010, 2012).
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In all the above studies, pylon foundation and soil type are two crucial parameters in the design,

which have mostly been assumed to be under the normal condition.

A special load case to cable-stayed bridges is earthquake, which can produce horizontal and

vertical movements on the pylons of the bridge. These movements may be transient in nature, i.e.,

only resulting in the transient vibration of the bridge, but causing no damage consequences. In some

extreme cases, they may cause permanent subsidence on one or more pylons of the bridge. In this

paper, the effect of vertical motion or subsidence of the pylons on the deformations of the bridge

and on the cables’ strength will be thoroughly studied, using the method introduced for the fan

system by Michaltsos et al. (2003) and Michaltsos (2005), which is extended herein for the harp

system as well. By this method, one can establish the equation that gives the forces of the cables in

relation to the deck’s deformation, which allows us to convert the problem of cable-stayed bridges

to the solution of a continuous beam (i.e., the bridge deck) without cables.

As it is known, the cable layout of a cable-stayed bridge can be divided into three basic types as

shown in Fig. 1: the fan system, the harp system and the parallel system of cables. In particular, the

parallel system can be regarded as a special case of the harp system. Regarding the harp system of

cables, it is a common practice to place the anchorages on the pylons (see Fig. 1(b)) within a short

length d usually equal to h/7, with h indicating the pylon height, in order to achieve the greatest

efficiency of the cables. As a consequence, a harp system of cables is similar to the fan system with

height equal to (h-d/2) or (h-d/3).

2. Statement of the problem 

Let us consider the bridge in Fig. 2 with the pylons “a” and “b”. The bridge is stayed by ρ cables

on the left side of pylon “a” and on the right side of pylon “b”, and by κ cables on the right of

pylon “a” and on the left of pylon “b”. Usually, for a harp system, it is assumed ρ = κ.

Assuming that, when subjected to a seismic action, the pylons move as follows

(1a)

For the i-th cable on the right-hand side of pylon “a” in Fig. 2, one gets

ea αa Ωatsin=

eb αb Ωb t θ+( )sin=

Fig. 1 Cable layout: (a) Fan system, (b) Harp system and (c) Parallel system of cables
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 or because cos  we get

 (1b)

By taking into account the relation , Eq. (1b) becomes

  (1c)

Similarly, for a cable on the left side of pylon “a”, one gets

 (1d)

3. The fan system

3.1 Pylon’s stressing

The deformation f (z) at the point A (z) of the pylon in Fig. 3 is:  or

(2a)

ea ϕicos f ϕisin si ∆si+( ) ∆ϕicos+ + si wi ϕicos+= ∆ϕi 1≅

∆si f ϕisin ea ϕicos+ + wi ϕicos=

∆si si Pi Ec Ai⁄=

si Pi

Ec Ai

------------ f ϕisin+ wi ea–( ) ϕicos=

sj Pj

Ec Aj

------------ f– ϕjsin wj ea–( ) ϕjcos=

EpIp z( )f″ Px z h–( )–=

f ′ z( )
Px z h–( )
EpIp

---------------------- zd c1+∫–=

f z( ) zd
Px z h–( )
EpIp

----------------------∫ zd c1z c2+ +∫–=

Fig. 2 Relative displacement of two neighboring pylons due to a fault movement
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With the boundary conditions are: , one obtains from Eq. (2a)

(2b)

where: 

For Ip (z) = Ip = constant, it will be , which for z = h gives

(2c)

3.2 Relation between P and w

3.2.1 Sparse arrangement of cables

With reference to Fig. 4, the total deformation at the top of the pylon due to the horizontally

acting forces is

f 0( ) f ′ 0( ) 0= =

f fo z( ) Px⋅=

fo z( ) zd
Px z h–( )
EpIp

----------------------∫ zd
Px z h–( )
EpIp

---------------------- zd∫
z 0=

zd
Px z h–( )
EpIp

----------------------∫ zd∫
z 0=

+ +∫–=

f z( ) z
2
z 3h–( )
6EpIp

------------------------–=

fo
h
3

3EpIp
-------------=

Fig. 3 Deformed configuration of the pylon

Fig. 4 Forces acting on the pylon due to the cables
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(3a)

Applying Eq. (1b) to both sides of the pylon, one gets

left side 

right side 

where:      and   (3b)

Multiplying the first of Eq. (3b) by  and adding the ρ equations for the cables considered,

and then multiplying the second of Eq. (3b) by  and adding the κ equations for the cables

considered, one obtains the following relations

left side 

right side 

(3c)

Subtracting the above two equations to each other, one finally obtains

where: ,   ,   (3d)

From Eq. (3b), one can easily obtain the cables’ stresses as follows

(3e)

f h( ) fo h( ) Pi ϕaisin
i

∑ Pj ϕajsin
j

∑–=

fo

bj

---- ϕajsin Pj ϕajsin
j 1=

ρ

∑ Pi ϕaisin
i 1=

κ

∑–
⎝ ⎠
⎜ ⎟
⎛ ⎞

Pj+
ϕajcos

bj

---------------- wj ea–( )=

fo

bi

---- ϕaisin Pi ϕaisin
i 1=

κ

∑ Pj ϕajsin
j 1=

ρ

∑–
⎝ ⎠
⎜ ⎟
⎛ ⎞

Pi+
ϕaicos

bi

---------------- wi ea–( )=

bj

sj

EcAj

----------= bi

si

EcAi

----------=

ϕajsin

ϕaisin

fo
ϕaj

2

sin

bj

---------------- Pj ϕajsin
j 1=

ρ

∑ Pi ϕaisin
i 1=

κ

∑–
⎝ ⎠
⎜ ⎟
⎛ ⎞

j 1=

ρ

∑ Pj ϕajsin
j 1=

ρ

∑+
2ϕajsin

2bj

------------------ wj ea–( )
j 1=

ρ

∑=

fo
ϕai

2

sin

bi

---------------- Pi ϕaisin
i 1=

κ

∑ Pj ϕajsin
j 1=

ρ

∑–
⎝ ⎠
⎜ ⎟
⎛ ⎞

i 1=

κ

∑ Pi ϕaisin
i 1=

κ

∑+
2ϕaisin

2bi

------------------ wi ea–( )
i 1=

κ

∑=

Φa
1

fo Aaj Aai 1+ +( )
---------------------------------------

2ϕajsin

2bj

------------------ wj ea–( )
j 1=

ρ

∑
2ϕaisin

2bi

------------------ wi ea–( )
i 1=

κ

∑–
⎩ ⎭
⎨ ⎬
⎧ ⎫

=

Φa Pj ϕajsin
j 1=

ρ

∑ Pi ϕaisin
i 1=

κ

∑–= Aaj

ϕaj

2

sin

bj

----------------
j 1=

ρ

∑= Aai

ϕai

2

sin

bi

----------------
i 1=

κ

∑=

Pj

ϕajcos

bj

---------------- wj ea–( ) fo
ϕajsin

bj

---------------Φa–=

Pi

ϕaicos

bi

---------------- wi ea–( ) fo
ϕaisin

bi

---------------Φa+=
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3.2.2 Dense arrangement of cables

Let us consider next a dense arrangement of cables in which the distances δj and δi between two

adjacent cables satisfy the following conditions

 and   (4a)

Thus, one may consider a distributed load qz (x) applied from position α1 to position αρ and from

position αρ + 1 to position αρ + κ, which for position “i” is

(4b)

Following the notations of Fig. 5, one has

,   ,   

,   ,   (4c)

and through a process similar to the one of §3.2.1, one obtains for pylon “a”

where: 

δj αρ α1–« δi αρ κ+ αρ 1+–«

qi x( ) 1

δi

---- Pi⋅=

si
h ho–

ϕicos
--------------= ϕisin

xi

h ho–( )2 xi
2

+

------------------------------------= ϕicos
h ho–

h ho–( )2 xi
2

+

------------------------------------=

sj
h ho–

ϕjcos
--------------= ϕjsin

�j x– j

h ho–( )2 �j x– j( )2+

--------------------------------------------------= ϕjcos
h ho–

h ho–( )2 �j x– j( )2+

--------------------------------------------------=

qaj x( )
ϕajcos

baj

---------------- wj ea–( ) fo
ϕajsin

baj

---------------Φa–=

qai x( )
ϕaicos

bai

---------------- wi ea–( ) fo
ϕaisin

bai

---------------Φa+=

Φa
1

fo Iaj Iai 1+ +( )
-----------------------------------

2ϕajsin

2baj

------------------

α1

αρ

∫ wj ea–( )dxj
2ϕaisin

2bai

------------------

α ρ 1+( )

α ρ κ+( )

∫ wi ea–( )dxi–=

Fig. 5 Pylon force equilibrium under a dense arrangement of cables
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,   (4d)

Similarly, for pylon “b” one obtains

where: 

,   (4e)

4. The harp system

The harp system of cables is the most commonly used cable arrangement in bridge engineering

(see Fig. 6). It is obvious that the change of the cables’ direction should follow a law that will be

characteristic for the bridge. The most commonly used law is the one shown in Fig. 6, according to

which, the cables are anchored at equal distances γ on the pylon,  on the left side of the deck and

 on the right side of the deck. Easily, the following relations can be written

,   

,   (5)

Iaj
ϕ
2

ajsin

baj

----------------

α1

αρ

∫ dxj= Iai
ϕ
2

aisin

bai

----------------

α ρ 1+( )

α ρ κ+( )

∫ dxi=

qbj x( )
ϕbjcos

bbj

---------------- wj eb–( ) fo
ϕbjsin

bbj

---------------Φb–=

qbi x( )
ϕbicos

bbi

---------------- wi eb–( ) fo
ϕbisin

bbi

---------------Φb e
ϕbisin

bbi

---------------+ +=

Φb
1

fo Ibj Ibi 1+ +( )
-----------------------------------

2ϕbjsin

2bbj

------------------

b1

bκ

∫ wj eb–( )dxj
2ϕbisin

2bbi

------------------

b κ 1+( )

b κ ρ+( )

∫ wi eb–( )dxi–=

Ibj
ϕ
2

bjsin

bbj

----------------

b1

bκ

∫ dxj= Ibi
ϕ
2

bisin

bbi

----------------

b κ 1+( )

b κ ρ+( )

∫ dxi=

δ�

δr

ϕ
ρ�tan

�� xρ�–

h
ρ

ho–
-----------------= ϕ

ρrtan
xρr

h
ρ

ho–
----------------=

sρ�
�� xρ�–

ϕρ�sin
-----------------= sρr

xr

ϕρrsin
---------------=

Fig. 6 Cable arrangement in a harp system
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4.1 Pylon’s stressing

The deformation of a pylon subjected to the horizontal forces of the attached cables is shown in

Fig. 7. The reactions induced at the end of the pylon are

,   (6a)

The displacements at each section of the pylon are given by the following relations

   for   

   for   (6b)

The following continuity conditions must be satisfied

,   (6c)

Integrating Eq. (6b) one obtains

Vo Pxρ

1

n

∑= Mo hρPxρ

1

n

∑=

EIp  fρ 1–

 ″
Mo zVo z hi–( )Pxi

1

ρ 2–

∑+–= z h
ρ 2–

≥

EIp  fρ
 ″

Mo zVo z hi–( )Pxi

1

ρ 1–

∑+–= z h
ρ 1–

≥

fρ 1–

 ′
h
ρ 1–

( ) fρ
 ′
h
ρ 1–

( )= fρ 1– h
ρ 1–

( ) fρ h
ρ 1–

( )=

Fig. 7 Pylon stressing due to cables
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(6d)

The first condition of Eq. (6c) gives: . By a similar process, one finally

obtains: . Since,  one gets co = 0, and thus,

(6e)

Eq. (6d) can be integrated to yield

Introducing the preceding equations into the second equation of Eq. (6c) and following a similar

process, one obtains

(6f)

Thus, the deformation of the pylon can be obtained as follows

   for   (6g)

4.2 Relation between P and w

4.2.1 Coarse arrangement of cables

By setting: ,   ,   (7)

applying Eq. (1b) and employing Eq. (6g), one obtains the following relations

left side a sin2 

EIp  fρ 1–

 ′
zMo

z
2

2
----Vo

z
2

2
---- Pxi

1

ρ 2–

∑+– z– hiPxi

1
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∑ cρ 1–+=
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zMo
z
2

2
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z
2

2
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1
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∑+– z– hiPxi
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∑ c
ρ

+=
⎭
⎪
⎪
⎬
⎪
⎪
⎫

c
ρ

c
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hρ 1–

2

2
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cρ co
1

2
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2

1

ρ 1–

∑ Pxi+= f1
 ′
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c
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2
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2
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6
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⎪
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⎪
⎫

k
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3
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∑
z

2
--- hi

2

i 1=

ρ 1–
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2
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----------A2–
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right side a sin2 (8a)

where:

(8b)

By repeating the first line of Eq. (8a) from ρ to n and adding the results, then by repeating the

second line of Eq. (8a) also from ρ to n and adding the results as well, one obtains two equations

which can be subtracted from each other to yield

(9a)

By multiplying the first line of Eq. (8a) by hρ, repeating the results from ρ to n and adding the

obtained expressions, then by performing the same procedure for the second line of Eq. (8a), and

finally by subtracting the two results, one obtains

(9b)

Following the same procedure, but multiplying firstly by  and then by  and repeating the

outcome from 1 to ρ − 1, one obtains the following equations

(9c,d)

where:

ϕ
ρr

h
ρ

3

6bρr

----------– Ao

hρ

2

2b
ρr

----------A1

hρ

2b
ρr

----------A2

1
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----------– A3+ +⎝ ⎠
⎛ ⎞ Pxρr+

wρr ea–( )
2b

ρr

----------------------- 2ϕ
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Ao Pxir Pxi�–( )
i ρ=

n
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A1 hi Pxir Pxi�–( )
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n
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A2 hi

2
Pxir Pxi�–( )

i 1=

ρ 1–

∑=

A3 hi

3
Pxir Pxi�–( )

i 1=

ρ 1–

∑=

a

6
---Q3– 1+⎝ ⎠

⎛ ⎞Ao
a

2
---Q2A1

a

2
---Q1A2

a

6
---QoA3–+ + So Fo+=

a

6
---Q4Ao–

a

2
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2
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2
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6
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(9e)

From the system of Eqs. (9a) to (9d), one obtains the terms Ao, A1, A2, A3 and from Eq. (8a) one

obtains the stresses of the cables, which are

(9f)

4.2.2 Dense arrangement of cables

Let us consider next a dense arrangement of cables, as shown in Fig. 8. Assume that the distances

 and  between two adjacent cables satisfy the conditions

   and   (10a)

For this case, we consider a distributed load qz (x) applied from position α1 to position αn and

from position αn + 1 to position α2n, which at position xr are

(10b)

Following the notations of Fig. 8, Eq. (5) become
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,   (11)
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One can express  and xr with respect to coordinate z as follows: , ,

and , or finally

,   (13)

In addition, from Eq. (10) one can write the following based on Fig. 9

,   (14)

Then, Eq. (8b) can be written as follows

x� ρ
z h1–

γ
-------------= x� αn ρδ�–=

xr αn 1+ ρδr+=

x� αn

z h1–

γ
-------------δ�–= xr αn 1+

z h1–

γ
-------------δr+=

Pxr Pr ϕrsin δrqzr ϕrtan= = Px� P� ϕ�sin δ�qz� ϕ�tan= =

Ao Pxr Px�–( ) xd

z

h
n

∫=

Fig. 8 Harp system of cables with dense arrangement

Fig. 9 Pylon stressing due to a dense arrangement of cables
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(15a)

and the system of Eqs. (9a) to (9d) becomes

(15b)

where:

(15c)

By solving the above system of equations, the coefficients  and  are determined.

Consequently, the stresses of the cables can be determined as follows
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(15d)

5. The deformations of the deck

The deformations of a bridge deck subjected to the vertical movements ea = ea (t) and eb = eb (t) of

the pylons “a” and “b” supports as shown in Fig. 2 due to earthquake, can be given as follows

based on the relation

(16)

where ws is the movement of the bridge deck (beam) as an undeformed body, and wo is the elastic

deformation of the bridge deck as elastic beam. In addition, g1 (x) and g2 (x) are the influence

functions of a simply supported beam (or of a three-span continuous beam). The equation governing

the motion of the bridge deck is

(17)

where Eb is the modulus of elasticity of the bridge deck,

Ib is the moment of inertia of the cross-section of the bridge-deck,

cb is the damping coefficient of the bridge-deck, 

mb is the mass per unit length of the deck,

w (x) is the total vertical displacement of the deck and

g (x) is the dead load of the bridge,

p (x) is the live load

 are concentrated loads (dead or live) at positions x = xϕ 

q (x, w) are the forces due to the cables and

δ (x) is the Dirac-delta function. 

By the use of Eq. (17), Eq. (16) becomes

 (18)

where: 

Here, one is searching a solution of the form

(19)

where Tn (t) are the unknown time functions (under determination) and Zn (x) are arbitrarily chosen

functions of x that satisfy the boundary conditions of the deck. In this case, the shape functions of

the corresponding continuous beam, which has the same characteristics as the bridge deck, but

without cables, are chosen. Substituting Eq. (19) into Eq. (18), one gets
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(20a)

Remember that Zn satisfies the equation of the free motion of a beam, which has the same

characteristics as the bridge deck but without cables. By multiplying the preceding equation by Zρ,

integrating the outcome, and taking into account the orthogonality conditions, one obtains the

following equation

(20b)

where:    and   

Here  are the eigenfrequencies of the beam, which has the same characteristics as the bridge

deck but without cables. Eq. (20b) can be written in the following form

 

(20c)

with  to n

where:

(20d)

EbIb ZXn

″
Tn

n

∑ cb ZnT
·
n

n

∑ m ZnT
··
n

n

∑+ + g x( ) p x( ) Pϕδ x xϕ–( )
ϕ

∑ q x ws ZnTn

n

∑+,⎝ ⎠
⎛ ⎞–+ +=

T
··
ρ 2βT

·
ρ ω

ρ

2
T
ρ

+ + Γ
ρ

F
··

– 2βF
·

– g p x( )+ +[ ]Z
ρ
xd

0

L

∫ q x ws ZnTn

n

∑+⎝ ⎠
⎛ ⎞,⎝ ⎠

⎛ ⎞Z
ρ
xd

0

L

∫–=

β
cb

2m
-------= Γρ

1

m Z
ρ

2
xd

0

L

∫

-------------------=

ωρ

T
··
ρ 2βT

·
ρ ωρ

2
Tρ+ + Cρ1T1 Cρ2T2 … CρnTn Rρ+ + + +=

ρ 1=

Cρk Γk AajZak

2
x1d

0

�
1

∫ Aai Abj+( )Zbk

2
x2d

0

�
2

∫ AbiZck

2
x3d

0

�
3

∫+ +
⎝ ⎠
⎜ ⎟
⎛ ⎞

–=

Γk Fa– BajZak x1d

α
1

α
ρ

∫ BaiZbk x2d

α
ρ 1+

α
ρ k+

∫–
⎝ ⎠
⎜ ⎟
⎛ ⎞

AajZak x1d

0

�
1

∫ AaiZbk x2d

0

�
2

∫–
⎝ ⎠
⎜ ⎟
⎛ ⎞

⋅
⎩
⎨
⎧

–

Fb– BbjZbk x2d

b
1

b
k

∫ BbiZck x3d

b
k 1+

b
k ρ+

∫–
⎝ ⎠
⎜ ⎟
⎛ ⎞

AbjZbk x2d

0

�
2

∫ AbiZck x3d

0

�
3

∫–
⎝ ⎠
⎜ ⎟
⎛ ⎞

⋅
⎭
⎬
⎫

Rρ Γρ g Zρ xd

0

L

∫ p x( )Zρ xd

0

L

∫+
⎝ ⎠
⎜ ⎟
⎛ ⎞

=

Γ
ρ

ga1Zaρ x1d

0

�
1

∫ ga2Zbρ x2d

0

�
2

∫ ga3Zcρ x3d

0

�
3

∫+ +
⎝ ⎠
⎜ ⎟
⎛ ⎞

e··a 2βe·a+( )–

Γρ ga1Zaρ x1d

0

�
1

∫ ga2Zbρ x2d

0

�
2

∫ ga3Zcρ x3d

0

�
3

∫+ +
⎝ ⎠
⎜ ⎟
⎛ ⎞

e··a 2βe·a+( )–



332 I.G. Raftoyiannis, G.T. Michaltsos and T.G. Konstantakopoulos

(20e)

and:

 (20f)

In order to solve Eq. (20c), one applies Laplace’s transformation. To this end, one sets

(21a)

and with the initial conditions , one gets

(21b)

Therefore, Eq. (20b) becomes
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with: ρ = 1 to n

Solving the preceding linear system of equations, one finally finds
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with Mρ of higher degree than the polynomial Nρ. Thus one can apply the Heaviside rule to obtain

(21e)

Therefore,

(21f)

6. Numerical results and discussion

In order to study the influence of the dynamic subsidence of the pylons on the deck deformation

and on the cables stresses, one considers a cable-stayed bridge of the fan system with two kinds of

pylons, i.e., one with slender pylons of Ip = 100*Ib and the other with stiff pylons of Ip = 1000*Ib.

The characteristics of the bridge are

L1 = L3 = 250 m, L2 = 480 m, ho = 130 m, h = 240 m, α1 = 20 m, αn = 240 m, αn + 1 = 60 m, 

αn + k = 230 m, b1 = 250 m, bk = 420 m, bk +1 = 10 m, bk +n = 230 m, δ1 = 8.8 m, δr = 9.6 m, 

m = 1000 kg/m, g = 10000 dN / m, Ib = 1.4 m4, Eb = Ec = 2.1 · 1010 dN / m2

The eigenfrequencies of the bridge-deck, as a three-span beam without cables are

ω1 = 0.358726 sec−1, ω2 = 0.889219 sec−1, ω3 = 1.09658 sec−1, ω4 = 3.20926 sec−1

while for the shape functions of the above beam and the influence functions g1 (x) and g2 (x) see

Michaltsos and Raftoyiannis (2012).

6.1 Both pylons with the same oscillation

Let us consider that both pylons oscillate according to the following equation

 (22)

Tρ t( ) L
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Sρ s( )=

w x t,( ) ws x t,( ) wo x t,( )+ ga x( )ea t( ) gb x( )eb t( ) ZnTn
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0.5 t⋅–

Sin 8 t⋅( )⋅= =

Fig. 10 Oscillation of both pylons
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as shown in Fig. 10. By applying the formulae of §4 and 5, one obtains the results plotted in Fig. 11,

where the movements of the middle of the spans are shown both for the stiff and for slender pylons.

From these results, the influence of the rigidity of the pylons can be clearly observed.

In the plots of Fig. 12, one can observe the deformed shape of the bridge deck at different instants

of the pylons’ movement both for the stiff and slender pylons. Finally, in Fig. 13 the tensions of the

cables at different instants of the pylons’ movement are also shown. For both pylons with equal

motions, the bridge distress is higher, while for pylons with different motions (due to different soil

properties), the bridge distress is lower. Thus, the stiffness of the pylons reduces dramatically the

seismic action and its influence on the bridge.

6.2 Two pylons with different oscillations

Let us consider now that each pylon oscillates differently according to the following equations

,    (22)

as shown in Fig. 14.

By applying the formulae of §4 and 5, one gets the results plotted in Fig. 15, where the

movements of the middle of the spans are shown both for the stiff and for slender pylons. The

ea 0.03 e
0.5 t⋅–

Sin 8 t⋅( )⋅= eb 0.02 e
0.5 t⋅–

Sin 8 t 1+⋅( )⋅=

Fig. 11 Dynamic displacements at midspan for stiff and slender pylons
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Fig. 12 The deformed shape of the bridge deck at different instants of the pylons’ movement 
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Fig. 13 The tensile forces of the cables at different instants
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vertical motion of the pylons is significant when they are located at a distance that is less than 0.8

to 1.0 times of the earthquake’s focus depth. Again, the influence of the rigidity of the pylons can

be clearly observed.

In the plots of Fig. 16, the deformed shape of the bridge deck is shown at different instants of the

pylons’ movement both for the stiff and slender pylons, each moving differently.

Finally, in Fig. 17 the tensions of the cables are shown at different instants of the pylons’

movement for pylons with different motions.

Fig. 14 Oscillations of two pylons

Fig. 15 Dynamic displacements at midspan for stiff and slender pylons
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Fig. 16 The deformed shape of the bridge deck at different instants of the pylons’ movement 
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Fig. 17 The tensions of the cables at various time instants



340 I.G. Raftoyiannis, G.T. Michaltsos and T.G. Konstantakopoulos

6.3 One pylon with permanent subsidence 

By applying the formulae for the case with only one pylon undergoing permanent subsidence and

for both the stiff and slender pylons, one obtains the results plotted in Fig. 18 for the deck

deformations and those in Fig. 19 for the tensions of the cables. From these figures one can see that

for stiff pylons, the bridge deck oscillates in a quite different manner and suffers severe negative

moments in comparison to the case of slender pylons, while the majority of the tension cables is

relieved. The instantaneous developed deck deformations and cable tensions, mainly at the

beginning of the seismic action, are significantly greater and in the case of slender pylons they may

lead to collapse and disaster. Also, the cables may become non-active, i.e., with negative values or

no pulling action on the deck.

6.4 Both pylons with permanent subsidence 

By applying the formulae for the case of both pylons undergoing permanent subsidence for both

the stiff and slender pylons, one obtains the results plotted in Fig. 20 for the deck deformations and

those in Fig. 21 for the tensions of the cables. A comparison of the results shown in these figures

Fig. 18 Deformations of the bridge-deck
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Fig. 19 Tensions of the cables

Fig. 20 Deformations of the bridge-deck
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Fig. 21 Tensions of the cables

Fig. 22 The influence of the earthquake frequency
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with the ones in Figs. 18 and 19 shows that if both pylons subside permanently, the bridge deck

deformations are quite similar, but higher for slender pylons, and the same holds true for the tension

cables in contrast to the case of a single pylon subsidence.

6.5 Influence of earthquake frequencies

In this paragraph, the influence of the earthquake frequency on the bridge motion is studied for

the case of stiff pylons with the same motion according to Eq. (23)

,   (23) 

From the results plotted in Fig. 22, one observes that the influence of earthquake frequency is

generally significant. Specifically, if the earthquake frequency is increased by 50%, the amplitude of

the bridge deck motion drops by 60-70%. It should be pointed out that the seismic frequencies are

usually higher than 10 sec−1. Frequencies with values less than 10 sec−1 bring about much bigger

deformations and cable tensions.

7. Conclusions

On the basis of the representative cable-stayed bridge models considered and the analyses

performed in this paper, the following conclusions can be drawn:

• A simple and efficient model for preliminary study of the cable-stayed bridges subjected to

different cases of loadings and pylons’ motion is presented herein.

• The vertical motion of the pylons is significant when they are located at a distance that is less than

0.8 to 1.0 times of the earthquake’s focus depth. Thus, it is rather an unusual case to consider in

engineering practice. Nevertheless, one must examine the consequence of these loadings because of

their catastrophic effect.

• An important (but expected) conclusion is the significant influence of the pylons’ stiffness on both

the deck deformations and tensions of the cables. This stiffness reduces dramatically the seismic

action and its influence on the bridge.

• The seismic frequencies are usually higher than 10 sec−1. Frequencies with values less than this

bring about much bigger deformations and cable tensions.

• The instantaneous developed deck deformations and cable tensions, mainly at the beginning of the

seismic action, are significantly greater and in the case of slender pylons they may lead to collapse

and disaster.

• At some instants, mainly at the beginning of the seismic action, the cables may become non-

active, i.e., with negative values or no pulling action on the deck.

• For both pylons with equal motions, the bridge distress is higher, while for pylons with different

motions (due to different soil properties), the bridge distress is lower.

• For the case with only one pylon undergoing permanent subsidence, the deformations and cable

tensions developed are higher. Therefore, the pylons must be designed with the possible greater

stiffness. 
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