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Abstract: Large-span cable-stayed bridges are increasingly becoming a vital component of modern 

bridge infrastructure due to their efficiency in load distribution, aesthetic appeal, and ability to span 

significant distances. This study examines the structural and dynamic performance of Azerbaijan’s 

largest multi-span cable-stayed bridge, which is currently under construction along the Muganly-

Ismayilli-Gabala road. With a total length of 1100 meters, the bridge is located in a region of high 

seismic activity, making stability and structural integrity paramount concerns in its design and 

construction. A detailed load analysis was conducted, considering both permanent and temporary 

loads. These include the self-weight of the bridge, vehicle loads, environmental forces such as wind, 

snow, and ice, as well as the influence of seismic effects. The bridge features multiple cable 

configurations - 31 6 ,  37 6     and 48 6 —each with specific cross-sectional areas and tension 

forces that ensure structural stability. To mitigate seismic impact, the bridge is equipped with 

kinematic roller supports between the stiffening beam and its supporting structures, allowing 

controlled movement during seismic events. The study also focuses on the dynamic behavior of the 

bridge under various forces, particularly wind loads that induce oscillations in the cables and the 

stiffening beam. Through finite element analysis, the vertical and horizontal vibration frequencies 

were calculated, ensuring that resonance conditions are avoided. The results demonstrate that the 

bridge remains within safe limits for aerodynamic stability, with no risk of excessive oscillations due 

to wind or traffic loads. Furthermore, the analysis of cable strength and durability confirms that the 

maximum tension forces are within acceptable limits, with safety margins that comply with 

international engineering standards. The bridge’s stiffness conditions were verified using deformation 

calculations, showing that maximum deflections remain within allowable limits, ensuring long-term 

serviceability. This study provides crucial insights into the design and performance of large-span 

cable-stayed bridges in seismically active regions. The findings highlight the importance of advanced 

structural analysis and innovative engineering solutions to enhance stability, durability, and safety. 

The research contributes to the broader understanding of bridge engineering, offering valuable 

guidelines for the construction of future large-span cable-stayed structures in challenging 

environmental conditions. 
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Introduction.  

Large-span cable-stayed bridges are increasingly dominating the bridge infrastructure. These 

structures consist of one or more pylons connected to the roadbed by means of steel ropes—cables 

[1-5]. The pylons, in turn, are not connected to the bridge supports. For example, this work examines 
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the project of the largest multi-span cable-stayed bridge in Azerbaijan, currently under construction 

on the Muganly-Ismayilli-Gabala road [6]. This bridge has a total length of 1000m  (Fig. 1). 

Considering that the construction site of the bridge is located in a region of high seismic activity, the 

issue of dynamic stability is highly relevant. To reduce the response to seismic shocks, kinematic 

roller supports are provided between the bridge's stiffening beam and the supports. The 15A live 

load has been selected, representing a vehicle load with an axial force of 15kN , applied to the bridge 

in accordance with regulatory guidelines.  

 
Fig 1. General view of the bridge  

Forces on the bridge cables. In addition to its own weight, the cables of the cable stayed bridge 

are influenced by the weight of the transition shooting range, the weight of snow and ice that has 

fallen on the cable, the wind load, and the pre-tension force of the cable (Fig. 2). Loads entering the 

bridge are collected from permanent (weight of the bridge beam and road surface on it, railings and 

paving) and temporary (load falling from automobile tires) loads. Moreover, the bridge in this 

example is situated in a highly seismic zone [5]. Constant load per running meter is 

1 2 83,7 105 188,7P P P kN m     . The live load per running meter is taken as 128q kN m . 

Detailed information about implemented loads is given in Table 1. 

Table 1. Loads caused by bridge loads 

Load class Calculation data Reliability 

coefficient 

Loads 

width 

(m) 

height 

(m) 

area 

(m2) 

Volume 

weight 

(kg/m3) 

Normative 

gn 

(kN) 

Design 

gh 

(kN) 

Waterproofing 24.6 0.01 0.246 1.60 1.30 0.39 0.512 

Asphalt 

concrete 

roadway 

18.00 0.07 1.260 2.30 1.50 2.90 4.347 

Sidewalk 0.75 0.06 050 2.50 1.10 0.11 0,12 

Border 0.50 0.90 - - 1.10 1.50 1.694 

Border 0.50 0.90 - - 1.10 1.50 1.694 

Only 1 linear 

meter 
  6.48 8.370 
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Dead load of the beam was taken into account when calculating according to the CSI Bridge 

V21.2.0 program. 

 
 

Fig.2. Appearance of external and internal forces falling on the cable rope: horizontal and vertical 

projections of the tension force Fx and Fy cable; f  is valve inclination; w is a load on the lead; Eeq is 

equivalent modulus of elasticity; N is a tension force 

 

Three transverse cables were used on the bridge: 31 6 ,  37 6     and 48 6 . Their cross-

sectional areas are as follows: 2 2

1 256,55 , 67,488A cm A cm   and 2

3 87,36A sm . For one span 

200  31 6L m    14 units of cross section, 37 6  20 units of cross section and 48 6  2 units of 

cross section. The cable-stayed bridge features a harp-shaped design (Fig. 3).  

Cable hardness is calculated based on elastic stiffness 
EK  and geometric stiffness gK . The 

reduction in load on the cables caused by each stress results in their inclination, which subsequently 

induces vibrations in the structure by formula (1) [7]. 

                  

2

2

0

1 0cos cos sin

0 1cos sin sin

i
I E g

EA N
K K K

l L

  

  

   
      

  
                                          (1) 

Where E is the modulus of elasticity of the cable material; Ai is the cross sectional area of   the 

i-cable element; l0 is a length of unstressed cable; cos θ, sin θ  are angular function of cable stiffness 

to the horizontal region; N is the longitudinal tension; 

 

Fig. 3. View of cables falling on the right and left side of the bridge pylon 
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The tension of the cables is calculated separately and shown in Table 2. Here, for cables of type 

31 6  total 
1 2(1294 1305,1 1407,3 1403,7 1611,7 1726,7 1825,7) 21148,4N kN         ; 

For cables of type 

137 6  2(2141 2176,7 2293 2410,6 2523,4 2633,7 2776,6 2971,4 3180,2 3244,7)

52702,6

N

kN

           


  

For cables of type 
348 6  2(3907,4) 7814,8N kN     

And the resulting stress will be by formula (2) [8,9]: 

                    
  321148,4 52703,2 7814,8 10

352.6
5655 14 6748 20 8736 2K

N N
MPa

A


 
  

    


                           (2) 

 

Table 2. Tension forces and cross section of cables on one side of the bridge 

 

The maximum cable tension force was taken as 8700unP kN  . Then, you can calculate the 

resistance of the cable as follows by formula (3) [12,13]: 

                               
38700 10

0,87 1717,1
2755 1,6

un

dh

m

P
R k MPa

A


   




                                                    (3) 

where 0,87k   is a coefficient of the strength coefficient; 1,6m   reliability factor. Cable  

strength condition is: 

          max
1

3907,4
447 1717,1 1 0,8 1416,88

8736
dh

k

N
MPa R m m MPa

A
                           (4) 

The strength condition of cable cables is satisfied. Here are the working condition coefficients 

m  and 
1m . 

The cable durability condition is checked using the following formula: 

           
max 1352.6 0,83 0,9 1717,1 1 1282,67w dhMPa m R m MPa                                         (5) 

The cable rope continuity condition is satisfied. Here, 
w  is a factor that accounts for the change 
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in stress. 

Stiffness condition of Cable-stayed bridge beam  

The stiffness condition for large bridges is checked using the following formula (6) [2,3]: 

                                                             max

400

y L

L
                                                                   (6) 

The maximum deflection from the design one span on the middle of the bridge and is 

max 482y mm . Then on the left side of the formula 0,00241 0,0025 . The condition is satisfied. 

Dynamic model and analysis of structure. The wind load acting on the structure primarily 

moves the cables, causing the stiffening beam to oscillate. The cables and the stiffening beam begin 

to sway due to aerodynamic forces, with movements being mainly vertical and horizontal. The most 

dangerous of these is the vertical oscillation of the stiffening beam. The differential equation can be 

written as follows by formula (7) [8,9,11]:                                          

                                                    effMu Cu Ku F                                                               (7) 

Here, M  is the mass of the dynamic system; C  is damping characteristic; K  is a stiffness of 

the system; ,  ,  u u u are displacement, speed and acceleration respectively; effF  is a dynamic force 

acting on it. When solving the problem by the finite element method, we can write the equation of 

free oscillations as follow 

                                                       0i i iM u C u K u                                                     (8) 

Here        , , ,M C K u  are the mass, damping, stiffness and displacement matrices, 

accordingly.  

The first and second frequency of vertical vibration can be determined from below formula (9) 

[3]: 

                             
,

2 2

2 2

( 1)
1

4

v
v i i

i v

p

p vEg n
A

H R p n l

n H




    
 
 

  

                                           (9) 

Here iA  is the coefficient for the i oscillation mode, 
1 0,35;  g-A  free fall acceleration; pH 

the height of the pylon, 57pH m ; E modulus of elasticity of the cable, 51,6 10E mPa  ; p

constant load on the crossing beam, 188,7p kN m ;   is a temporary load on the crossing beam, 

128v kN m ; n  is the number of panels in one deck, 36n  ; l  is a maximum span, 200l m . 

For the first mode 
1( 1,  A 0,35)i   , the frequency of vertical oscillation is 

1
20,20 secrad  . Then the period will be: 

                                                      
1

1

2
0,31v

v

T



                                                                  (10) 

For the second mode 
2( 2,  A 0,35)i    the frequency of vertical oscillation is 

2
30,08 secrad  . 

                                                           
2

2

2
0,208secv

v

T



                                                                      (11) 
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The resonance period for automobile bridges and cable stayed pedestrian crossings is 

(0,45 0,6Ssec)T   . In the first and second mode of vertical oscillations, the period remains outside 

the resonance range.  

The frequency of horizontal oscillations for the third mode ( 1,2,3)i  is calculated by formula 

(12) [3]: 

                                                     
4

, 4

h
h i

p

i EI g

l n H


                                                           (12) 

Here Ih is the moment of inertia in the horizontal direction of the stiffness beam, 
4550 ;  E=2,06 107mPa; m= 83,7 9,81 8,53hI m p g kN m     mass of 1 long meter of the beam.  

For the first mode ( 1)i  , the frequency of oscillations in the horizontal direction is  

,1 5,12 sech rad   and the period: 

                                                     
1

1

2
1,226secv

v

T



                                                            (13) 

For the second mode ( 2)i  , the frequency of oscillations in the horizontal direction is 

,2 10,22 sech rad  and the period: 

                                                    
2

2

2
0,61secv

v

T



                                                              (14) 

For the third mode ( 3)i  , the frequency of oscillations in the horizontal direction is 

,3 15,32 sech rad  and the period: 

                                                    
3

3

2
0,41secv

v

T



                                                              (15) 

Period values of horizontal oscillations are outside the range of critical value 

(0,9 1,2 sec)hT   . The period of both oscillations’ mode does not reach the critical value for all 

modes. The main condition of the study is the generation of aerodynamic waves during the critical 

wind speed: 

                                                      1,5cr pV V                                                                         (16) 

Here 32 secpV m  maximum wind speed in the construction site. The critical speed is 

determined by the following formula (17): 

                                                
.cr cr m tV V B                                                                      (17) 

Here 24,6 mB  - the maximum width of the pedestrian crossing; ,  8,0 secVer m m critical 

speed determined on the model. Frequency of rotational oscillations 

1
2,5 2,5 20,20 50,5 sect rad     . The frequency of the first mode of vertical oscillations is 

1
20,20 secrad  . 

             8,0 50,5 24,6 9938,4 / 1,5 45 67,5 / seccrV rad s m                                       (18)                                                                                                                                                      

The aerodynamic stability condition is within limit. 

Conclusion. 1) the load pattern considered includes the bridge's self-weight and a live load 

modeled as A-15, representing a four-axle vehicle load; 2) the tension force of the cables plays a 

critical role in the dynamic stability of cable-stayed bridges. Therefore, it is essential to evaluate the 

strength and durability of the cables as well as the stiffness conditions of the bridge beams. The 
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Ismailli Bridge project, serving as a reference, adheres to these requirements; 3) damage or removal 

of components from the structural system alters the stress-strain state of the bridge. For instance, wire 

breakage within the anchorage reduces the tension in the cables, leading to a decrease in pulling force, 

cable oscillation, and an increase in the deflection of the stiffening girder; 4) to ensure proper 

maintenance and operation of the bridge, it is crucial to assess the stress levels in the cables, either in 

situ or under laboratory conditions. 
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