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Abstract: To prevent converting a cable-breakage threat into a catastrophe via events of cable failure (loss), which can be devastating for cable-stayed 
bridges due to the possible risks of incremental collapse after initial failure of cable stay. A cable-stayed bridge finite element (FE) model constructed 
according to Chinese code standards and Post Tensioning Institute, USA is statically and dynamically developed and analyzed with geometric 
nonlinearities. A detailed numerical analysis of cable loss incidents on a long-span cable-stayed bridge is carried out by focusing on post-breakage 
performance, based on an advanced finite element (FE)-based nonlinear dynamic simulation platform. The dynamic amplification factor (DAF) is measured 
for various structural elements, including cables, towers and deck’s cross sections. In addition, effects on the dynamic response of the longest cable of 
backstay lost position in damping level effect. Parametric experiments are performed to determine the effects of various important parameters relevant to 
the mechanism of cable breakage and service loads from stochastic traffic under investigated vehicle loads of North Atlantic Treaty Organization (NATO). 
The results show that, DAF can take values less than two when single cable failure due to overloading vehicles traffic. 

 
Index Terms: Cable stayed bridge, Nonlinear dynamic analysis, Cable failure, DAF, Static analysis, Quasi static analysis, Finite element model.   

——————————      —————————— 

 

1 INTRODUCTION  
Without any doubt, China is one of the most rising and 
advancing nations in the cable stayed bridges category. China 
has acquired more than 20 long span cable-stayed bridges 
with main spans ranging from 600 to 1088 m over the past 
seven decades, hundreds of such bridges that have been 
commonly used for medium to long span bridges have been 
designed throughout the country [1]. Due to this kind of bridges 
efficient, economically viable, faster construction and 
aesthetically attractive looks have made cable stayed bridge 
as one of the most aspirational and desirable bridges systems.     
Cable stays are the basis of cable stayed bridge system, which 
are used as tension elements of cable stayed bridges. Thus, 
breakage of one or more cables due to a collision resulting 
from a car accident, lack of maintenance over a long period of 
time, or severe link corrosion resulted in partial break-up of the 
cable damage to such structures [2, 3, 4]. Or, the complete 
collapse of the stay, as it occurred in 1996, on Zárate-Brazo 
Largo Bridge due to corrosion and fatigue [5]. Similar 
behaviour can also occur due to the loss of a cable before 
repairing it [4], or vehicle overload contrary to what was 
estimated by design, due to raising the capacity ratio of stay 
cables if, in case of emergency, any heavy mining trucks or 
military tanks pass on the bridge.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therefore, certain design codes and recommendations have 

included the accidental occurrence of the unexpected loss of a 
stay. Up to now, this unexpected condition has been resolved 
by the codes and guidelines on the subject by an equivalent 
static analysis using the Dynamic Amplification Factor (DAF). 
Such cable loss scenarios actually cause high dynamic loads 
in bridges which might trigger a gradual collapse ―zipper-type‖ 
of the entire structure [6]. In addition, a static analysis is 
considered sufficient in practice for the progressive collapse 
evaluation of structures providing that a dynamic amplification 
factor (DAF) is applied. According to various 
recommendations and guidelines, the value of DAF varies 
between 1.5 and 2 [7]. Some bridges design used minimum 
value of DAF 1.5 [8]. currently some research has been 
performed in nonlinear dynamics of cable rupture. Aoki et al. 
[9] worked on a 2D finite element bridge of cable-stayed with a 
steel box-girder deck, whose parametric analysis was 
undertaken, and the effects of cable position, period time, 
number of cables damaged, applied load cases, and the 
damping ratio of structural were all investigated. In addition, 
the built FE models are analyzed with and without geometric 
nonlinearities to demonstrate the effect of geometric 
nonlinearities during gradual collapse analysis on the bridge's 
global response. This study found that the most critical ones 
are the longest back span cable lost; DAF values can also be 
much higher than two values for bending moment and axial 
force at various sections of the girder deck, towers and cables. 
Zhou et al. [10] also investigated the results in the time domain 
of a cable-stayed bridge faced to sudden cable breakage. In a 
three-dimensional finite-element model of cable-stayed 
bridge, he simulated the abrupt breakage of the bridge at the 
cable, through the application of stochastic traffic loads. His 
studies demonstrated that dealing with dynamic initial states 
provides a better understanding of what the influence of the 
bridge on the reaction of lost cable case would be than deal 
with static initial states. Furthermore, via methods of static, 
nonlinear dynamic, and pseudo dynamic with a DAF of 2.0 
suggested by the PTI guidelines [7], the dynamic response 
envelopes were developed along the bridge for tension and 
vertical bending moments. It is observed that when equivalent 
static traffic load is considered, a pseudo dynamic approach 
with the DAF of 2.0 may generate a response envelope for a 
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girder with a shape similar to that of a nonlinear dynamic 
analysis. However, it can offer values below those of the 
dynamic analysis' extreme response and become hazardous 
at some places, e.g., at the midspan. Olamigoke [11] also 
concluded that, the cable(s) loss due to blast and fire 
simulation provides a dynamic amplification factor often 
greater than 2 for cables stresses, and the moment in the 
pylon and the deck is more critical when the backstay is 
broken. The DAF collected for the cables on the cable-stayed 
footbridge is the largest (10-13), then the automobile and 
pedestrian bridge with values (5-9), followed by the vehicular 
cable-stayed bridge with DAFs values (2-3) only. The 
conclusions drawn in the above for cable stayed traffic and 
foot bridges models, for the loss of cables due to fire and blast 
events, to determine the structural response of the 
cable-stayed bridge to the loss of one or more cables over 
time. The objective of this paper is to investigate the dynamic 
amplification factors for the components of cable stayed bridge 
to unexpectedly rupture one stay cable. Based on ANSYS 
APDL 19.1, where (NATO) traffic loads are considered, the 
performance of a cable-stayed bridge is subjected to sudden 
loss cable in the time domain is investigated. Such studies 
need a great amount of research and modeling effort, only the 
maximum responses will be of value. Therefore, quasi-static 
studies using dynamic amplification factors to account for the 
dynamic effects can be performed instead [7]. Also investigate 
where DAF values in cable sudden breakage of cable-stayed 
bridges elements can be greater than 2. 

 
2 DYNAMIC AMPLIFICATION FACTOR 
Dynamic amplification factors (DAF) work is defined as the 
dimensionless ratio of a structure's dynamic to static response 
when it is subjected to dynamic loading [12]. Analysis of a 
structure subjected to unexpected actions which are dynamic 
in nature may be carried out using either static or dynamic 
analysis. The influence of time is not taken into account in 
static analysis, whereas dynamic analysis actively takes time 
into account. Quasi-static analysis is a form of static analysis 
that accounts for the loss of a cable by amplifying an estimated 
value known as the Dynamic Amplification Factor, which 
quantifies the impact of the accidental load on the structure, of 
either the action or effect on the structure. 

 
2.1 Determinate value of DAF 
In all structural components, the dynamic amplification factor 
is determined for all the state variables ―S‖ separately. The 
sudden cable failure is modelled as defined in Sections 3.3 & 
3.6, and maximum dynamic responses over time ―Sdyn‖ are 

calculated. those values do not generally occur at the 
beginning of the time considered. In addition, the responses to 
the static model of cable removal ―Sstat‖ are determined for 
each cable. DAF is measured by comparing the respective 
reactions, while the responses in the original state "S0" are 
subtracted [13]:  

 𝐷𝐴𝐹 =
𝑆𝑑𝑦𝑛−𝑆0

𝑆𝑠𝑡𝑎𝑡−𝑆0
                      (1)                                      

 
3 SYSTEM AND MODELLING DESCRIPTION 
 
3.1 Bridge Model Geometry 
The Changtai cable-stayed bridge in Changchun city of three 
spans symmetrically being considered, with 200 m as main 
span, and two back spans of 84m each, Fig.1. The concrete 
box girder deck has cross section area of 28.18 m

2
 linked to 

two towers with tall of 86.9 m by 60 pairs of cables. All cables 
are distributing regularly with 6 m space apart along the deck, 
only cables no. 1-6 and 55-60 in each plane are spaced 3 m 
apart, Fig. 1-a. Concrete tower `H' shaped also is considered 
with two planes of stays. The deck is connected to tower with 
no possibility of vertical and transversal displacement between 
them, while allowing displacement in longitudinal direction.  
 
3.2 Bridge Model Components and Materials Properties       
This study will deal with 7 wire prestressing strands used in 
many (if not majority) stay cable systems [14]. The model 
bridge considered will have 60 cables in North and South 
planes (two planes system), cables have varied area with 
111,128,137,139 mm diameter. The type of element used for 
modeling cables was the Link10 element. The deck of the 
model in the study is a concrete box girder that is divided to 
eight lanes with a total width of 29 m. The bridge serviced two 
directions; each direction owns 3 lanes with 3.5 m width for a 
lane +0.5m (anti-collision guardrail) + 1.5m (cable anchorage 
area) + 0.50m (wind nozzle), the slop is 0.015m per one meter 
as shown in fig. 1-b. The type of element used for modeling the 
deck was the Solid65 element. The tower modeled as uniform 
format (6.5 x 3.5 m) to minimize the complexity, while it’s in 
realty changes from bottom to top. The inclined part of a tower 
is built between legs and the its top (where anchorages cables 
designed), to prevent extra loads placed on to the deck from 
the tower, as shown in Fig. 1-c. The type of element used for 
modeling towers and their cross beam was Beam4 element. 
Table 1 is shown mechanical properties for model 
components. 
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3.3 Stay Cables Design 
The abrupt failure of a cable leads to receive large 
displacements in the end nodes of the adjacent cables. 
According to the cable slacken, the relationship between 
displacements of those nodes and the resulting cable forces is 
non-linear. In addition, due to the dynamic nature of these 
movements, huge cable forces can be produced by transverse 
cable vibrations. This relation can be approximated using the 
modulus of elasticity technique. This data is demonstrated by 
formula [15]: 

𝐴𝐸𝑓 =
𝐴𝐸0

1+
𝛾2𝑙𝑐𝐸0
12𝜎3

                        (2) 

     Where,  𝐴  = cross section area of cable, 𝐸𝑓  = fictive 

modulus of elasticity, 𝐸 = modulus of elasticity when cable 
straight, 𝛾 = cable’s density, 𝑙 = horizontal distance between 
two ends of cable, 𝜎= cable initial stress. 
Through Ansys APDL, Initial stress in each cable is obtained 
and used in (2). In this way, a new modulus of elasticity can be 
calculated for each cable. The results during repeats this 
process for cables when exposed to live load illustrate that, the 
gap between the manufactured modulus of elasticity and the 
actual modulus of elasticity is only small after one iteration. 
Thus, the writer decided to use the same modulus of elasticity 
for each cable, that is 200000 N/mm².   
Cables connection with deck and towers is assumed to be a 
node connection allowing for rotation in all directions but no 
translation which is modelled as joints. To make cables 

prestressed, a temperature gradient applying to each cable. 
Reducing the cables temperature will produce tensile stress in 
the cables. The prestressing force and temperature gradient 
are linearly related to (3),[16]. 
            𝐹 = 𝐴 ∗ 𝐸 ∗ 𝛼 ∗ ∆𝑇                        (3)                 

 
Where,  𝐹 =  prestressing force ,  𝐴  = cross section area of 
cable, 𝐸  = modulus of elasticity, 𝛼 = coefficient of thermal 
expansion of steel, ∆𝑇 = temperature gradient. 
     The reference gradient of temperature for cables belong 
to the model’s zone in northeast of china, which is assumed  
-30°C in this study [17].  
 
3.4 Loading Design 
Depending on Chinese General Specifications for Design of 
Highway Bridges and Culverts (JTG D60 -2015) and North 
Atlantic Treaty Organization (NATO) Standardization Agency 
[17,18], the bridge in this paper has been analyzed for gravity 
loads + prestressed forces (determined from initial force of 
cables) during full permanent loads and traffic.The permanent 
load includes the self-weight of the structural components DC 
and the pavement of the road WC. Whereas the adopted traffic 
load calculated from lane load and vehicle load. lane load 
obtained according to Chinese General Specifications for 
Design of Highway Bridges and Culverts, which contains a 
uniform distributed load and a concentrated load. While the 
load of vehicles considers heavy truck loads as defined in 
(JTG D60 -2015) and (NATO 2002). 
 
3.4.1 Dead Load  
Dead loads in bridges either cables stayed bridge or other 
types of bridges are almost similar, its calculates don’t change 
except in special conditions. DC and WC are the two parts of 
dead load which consist all load of structural and 
non-structural materials, as well as the load added from 
utilities and wearing load respectively. 
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3.4.2 Live Load 
As mentioned above Live load is composed of lane load and 
vehicle load with vehicular dynamic load allowance. Regard to 
our case which considered in overload situation, live load will 
play the main place in the load design. In this research two 
kinds of vehicle trucks will be used to give different loads in 
different time led to loss the longest cable in backstay span. 
 
3.4.2.1 Lane Load  
While bridge is considered class I (JTG D60 -2015), the lane 
load value should consist of uniform load 10.5 KN/m, and 
concentrated load of 360 KN only acts on the peak of one 
influence line in the corresponding influence line [17]. 
 
3.4.2.2 Vehicle Load  
As mentioned before, two kinds of vehicle trucks will be used 
to give different load in different time led to loss a cable. In this 
step will try to examine the model to carry on more load 
suddenly because of an emergency situation like war, that 
case will happen when different vehicles assign to model 
which more heavy weight and closest to each other more than 
standard vehicles used in design. Chinese General 
Specifications for Design of Highway Bridges and Culverts [17] 
standard value of vehicle load is the same for highway class I 
and highway class II, the vehicle gravity is 550 KN divided to 
five axes, and 1.8 m clear distance of wheel base from center 
to center. North Atlantic Treaty Organization NATO 
Standardization Agency 2002 [18] are categorized into the 
Military Load Classification (MLC) system, one chosen 
wheeled-truck in this system was of interest due to these 
vehicles weight, distance between axles, etc. It is important to 
note that the MLC trucks are imaginary, obtained by 
measuring the maximum bending moment and shear force 
and thus, represent the maximum bending moment and shear 
force of a military vehicle loaded on a bridge, rather than 
describing the real weight of the vehicle. The Chinese 
standard truck weight is small comparing to MLC. MLC trucks 
have various weights, this study will use a five axes vehicle 
819 KN with a wheel-line spacing range of 2.26 m. On other 
hand, clear spacing between two trucks tiers, where space 
from center wheel to other center wheel between two Chinese 
standard truck trucks was 1.3 m [17], whereas large gap 
between neighboring MLC trucks was 0.5 m [18]. 
  
3.5 Load Applied and Combination 
In cable failure scenarios of this article, load combination 
would use distributes component of the traffic load on main 
span only as lane loads, where preliminary investigations 
showed that, this combination is more critical than others [19, 
20]. The Chinese heavy truck standard loads applied on the 
middle of main-span statically, in static and dynamic cable 
breakage analysis, MLC trucks will be applied on the entire 
main-span. For all steps back spans are only subjected to 
permanent load. As recommended by PTI (2007) in (4) [7], 
accepted load factors are  

 𝟏. 𝟏𝑫𝑪+ 𝟏.𝟑𝟓𝑾𝑪+ 𝟎.𝟕𝟓(𝑳𝑳+𝑴𝑰) + 𝟏. 𝟏𝑪𝑳𝑫𝑭 (4)             
where, DC, DW = dead load, LL = full vehicular load in stripped 
lanes, IM = vehicular dynamic load, has been ignored in this 
study, and CLDF = cable loss dynamic forces.     In model 
considered, the exact cable internal forces values are existing 
by Ansys APDL, thus, the load factor for CLDF has been 
ignored also on dynamic of cable loss forces. In a case of 

non-linear analysis, the dynamic model should be initialized 
with full permanent load and live load for the bridge [21]. 
  
3.6 Cable Loss Simulation 
It is in a simple word, making a cable unstimulated (removed) 
from structure, to explain the structure response at the 
moment of cable breakage, and after the cable loss event. the 
cable can be removed statically or dynamically and the FE 
model should be analyzed accordingly [22].      Static 
analysis approach has been given in the PTI 
Recommendations [7], force cable which determined from 
initial stresses is applied to connection point between cable 
and deck as well as towers in the negative direction (-Finit).  
when structure under gravity loads could be overlaid with the 
load case of ( -2 × Finit).  Thus, half value will substitute 
superposition removes the cable, and the rest value (- Finit) 
substitute 100% assumed equivalent dynamic impact factor 
[11, 22]. See (5). 

 𝐶𝐿𝐷𝐹𝑠𝑡𝑎𝑡𝑖 = −2 𝐹𝑖𝑛𝑖𝑡                (5)              
The calculation technique used for dynamic analysis is a mass 
matrix with Rayleigh proportional damping, which is integrated 
using a Newmark constant acceleration approach for time 
integration [23]. In comparison to the static analysis, the cable 
force here is applied in the correct direction (+ Finit) [19, 22]. 
See (6).  
     𝐶𝐿𝐷𝐹𝑑𝑦𝑛𝑎𝑚𝑖 = + 𝐹𝑖𝑛𝑖𝑡               (6)                       

The intention for a simulation for loss cable is to reduce the 
cable tension to zero within a short time [4, 24].  Also, if the 
time where the cable is removed ∆tf will determine how the 
bridge will be impacted. With regard to Aoki results [21], It is 
observed that the calculation of DAF values is very sensitive to 
∆tf (particularly for two cables breakage) and accurate DAF 
estimation requires ∆tf of about 0.001-0.1 sec. He noted that, 
cable removal over 8 sec. or even 1 sec. cannot represent the 
absolute failure of cable and instead presents a static situation 
approximately. In this research ∆tf = (0.01 sec) is considered to 
obtain the sudden loss of cable and produces dynamic 
scenarios. 

 
4 RESULTS FOR MODEL LOSING ONE CABLE  
The effects of large displacements and nonlinearities in 
models of cable-stayed bridges are combined. Hence, a 
proportional damping had a stiffness and mass multiplier of α= 
β = 2% is adopted, removal time of cable also acted ∆tf = 0.01 
sec. to represent the absolute failure suddenly, for live load, 
vehicle loads (NATO) through non-linear dynamic analysis will 
assign in entire main span. 
 
4.1 Remaining cables impact due to cable failure 
This section displays the stresses in some of the remaining 
cables, when the cable S1 (backstay) was lost due to 
overloading vehicle presumed, whereas the stresses are 
estimated over a span of 10 seconds after cable lost. 
Fig.2 shows stresses distribution, where the stresses in outer 
cables big than middle cables in backstays, main span cables 
had completely reverse results, where middle cables there got 
the highest stress tension. For that cables N1, S2, S25, S30 
and S60 are chosen to get cables response in critical points. 
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     Stresses values for critical response cables show in 
Fig.4. The nearest cable to S1 (S2) has the highest stress 
increase of 599 N/mm2.  Cables N1 and S60 came after with 
567 N/mm2 and 545 N/mm2 respectively. S25 and S30 
stresses distribution due to the backstay S1 failure, located in 
the middle and longest cable in the first plane have lower 
stress values than others with 445 N/mm2 for S25, and lowest 
stress increase for S30 with 314 N/mm2 as shown in Fig. 3. All 
cables got DAFs small than 2, See table 2. 

 
4.2 The impact of connection point of deck to cable due to 

cable failure 
The important vertical displacement in the node location 
(connection node between deck and cable failure before it lost) 
over the time is presented in Fig. 4. It takes 0.01 second for the 
cable to be fail after the bridge is loaded through a non-linear 
dynamical analysis. 

 
     Displacement shows values up and down after cable 
failure, while along load period displacement values were 
increasing till cable failure. The maximum vertical 
displacement in connection point happened 3 seconds after 
cable loss with 0.0057 m (5.7 mm) value. 
 
4.3 The impact of cross sections of deck due to cable 
failure 
Bending moment and displacement are examined to figure out 
cross sections of deck response before the cable failure, 
during the losing and 10 seconds after. Three cross sections 
along Z direction were chosen at z= 1 m, z= 28 m and z= 184 
m to get clear vision of cable failure impact on cross sections 
of deck. The maximum bending moment in the cross sections 
made DAFs values less than 2 which is the PTI guideline 
recommended. Whereas DAF values of 1.08~1.09. Vertical 
displacement also is measured in Y direction for each section, 
cross section A-A (cross section of cable lost, z= 1m) where it 
is only one meter far from pin support, displacement in this 
cross section increased from 34mm to reach 37 mm during 
cable failure shown in Fig.5 and Fig.6, but it decreased to 34 
mm 10 seconds after cable lost Fig.7. Cross section B-B (z= 
28 m), had a little bit bigger vertical displacement with 69.5 mm 
in the end of loading period as Fig.8 shows, while during loss 
cable displacement decreased to 68.2 mm Fig.9. After cable 
failure, cross section B-B displacement continually still 
decrease to reach 66 mm 10 seconds after cable failure, see 
Fig.10. Thus, the DAF values for cross sections A-A and B-B 
calculated according to (1), both cross sections got DAFs less 
than 2 with 1.17 and 0.96 respectively, See table 2. Cross 
section C-C (mid- main span, z= 184 m) will definitely get the 
high value than all section, because it’s only 0.5 m far from 
critical influence point of live load (vehicle loads). The 
maximum displacement was 342 mm during cable failure see 
Fig.12, but this value will decrease to 281 mm after 10 
seconds as Fig. 13 shown. That led to get 1.28 as DAF value, 
See table 2. 
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4.4 longitudinal girder (deck) impact due to cable failure 
The shear force and vertical displacement are examined for 
longitudinal girder impact due to cable failure. In shear force 
diagram below Fig.14 shows that, a spike value of shear force 
due to cable failure is not attached to the end of the bridge, but 
it is at 4m distance from the end of the bridge up to 6895 kN. 
However, the shear force increases during and after loss cable 
gives almost 2 as a DAF value, See table 2. 

 

 
  
Furthermore, displacement is examined before cable loss, 
during and after, in back spans displacement reduced, but it 

increased in the middle spans during cable loss. The 
deflection increases from 0.137 m along the middle span to 
0.331 m during 0.01 second when cable failure, but it goes 
back to reduce to 0.289 m 10 seconds after cable failure. 
Middle span of bridge sagging while back spans curl up due to 
the displacement in the main span, see Fig.15. Since the main 
span still deflected symmetrically under live load along deck, it 
balances the load added to the bridge deck until cable failure. 
The value of DAF does not exceed to 2 where it measured 
1.27 only, See table 2. 

 

 
4.5 Tower impact due to cable failure 
In analyzing the effect of a single cable loss on a vehicular 
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bridge, the bending moment and the displacement of towers 
are studied. The results show little difference in the bending 
moment distribution in the tower before, during and after the 
cable was lost. 
     South plane of tower A (whom cable failure connecting 
with) in Fig.16 got the highest value at 29.8 m above deck, the 
bending moment before the backstay failure was 52,787 kN.m 
while it is 57,473 kN.m during cable failure and 57,894 kN.m 
after failed. Bottom of south plane incurred to 75% of 
maximum moment with 42,632 kN.m. Thus, DAF value 
calculated to be 1.06 according to (1). North plane of tower A 
(corresponding of south plane) bottom got the highest bending 
moment values at -21 m under of deck, during cable failure the 
maximum value was 45,587 KN.m and 39,455 KN.m after 
cable failed. DAF value measured 1.31 due to cable failure, 
See table 2. 
  

 
     As expected, South plane of tower A which the backstay 
failure was connected to, showed highest displacement along 
the longitudinal span of the bridge. Where displacement in Z 
direction reached 0.217 m during cable failure compared to the 
displacement before loss cable 0.070 m. 10 seconds after 
cable lost displacement will be steady in 0.199 m, see Fig.18. 
For North plane of tower A, deflection was less than south 
plane in the same tower Fig.19, the large displacement 
reached to 0.173 m during cable failure compared to the 
displacement after loss cable 0.155 m. Both planes got DAF 
values less than 2 with almost value 1.2, See table 2. 

 

 
 
5 CONCLUSIONS 
This paper includes a numerical analysis on cable stayed 
bridge due to loss the longest cable. Parametric analysis was 
conducted and the effect of location, period and applied load 
case was evaluated when the structural damping ratio is 2% 
on the dynamic amplification factor (DAF) for the different 
structural components. From the results of the parametric 
studies undergone, the following inference is drawn; 

1) For all cases studied in this paper, values of DAF are 
generally less than 2.0 or almost equal in few cases, which fit 
with PTI recommendations (2007). 

2) At different locations of the structure the DAF values 
alone is not enough to measure nonlinearity of material, so use 
different method can be more suitable as an indicator of 
material nonlinearity, for example demand-to capacity ratio 
(DCR).  

3) DAF values for bending moment in towers and shear 
force in deck are higher than the value for axial tension in 
cables. 

4) Damping ratio recommended to be less than 2% (used 
in this study) which is high ratio in cable stayed bridge, to 
figure out whether it will affect or not in model components 
response. 
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