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Abstract: 
The dynamic parameters like damping ratio and natural frequency are crucial, 

to explain the dynamic behavior of structures and predict their  

responses to various vibration motions. The analytical approach is thought to 

have inherent flaws, since the dynamic properties of structures are typically 

predicted analytically and do not take into account changes in amplitude vi-

bration. Although the majority of earlier experimental investigations sought 

how variations in vibration amplitude affect dynamic properties, analytical 

discussion of these changes has not been done yet. This analytical and nu-

merical study was conducted to better understand the effect of excitation 

changes on damping ratio in dynamic analysis of reinforced concrete bridge 

piers using Abaqus 6.14 program. In order to do this, analytical prediction of 

the relationship between the damping ratio changes versus vibration ampli-

tude changes were investigated. Then, modal analysis and dynamic analysis 

on tested bridge pier specimens were carried out considering the damping 

ratio changes. To find that, the analytical responses, after defining the 

damping changes function in the analytical model, were closer to the exper-

imental responses than those with constant damping coefficient by comparing 

the acceleration responses of the pier model. 

Keywords: Damping Coefficient 1, Free Vibration 2; Forced Vibration 3; 

Amplitude 4; RC Bridge’s Pier 5. 
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لجسور البيتونية التنبؤ تحليلياً بعلاقة تغير معامل التخامد بدلالة تغير سعات الاهتزازات لركائز ا
 المسلحة
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 الملخص:  

 تعتبر الخصائص الديناميكيّة كنسبة التخامد والتردد الطبيعي من العوامل الأساسيّة للتعبير 
عننن السننلود الننديناميكي للمنشننبت والتنبننت ااسننتتاااتها تحننا تننازير مختلنن  ا  تننزا ات.   ننرا  
لعدم إمكا ية حساب معامل التخامد فني مرحلنة التصنميل للمنشنبت، فرند جنرت العنادة ّر ت رندّر 
قيمتنننننل اشنننننكل ترريبنننننيّ. انننننالرال منننننن ّر مع نننننل الدراسنننننات التتريبينننننة السننننناارة تناولنننننا ت يّنننننر 

ناميكيّة مع ت يّر سعات ا  تنزا  فني التحلينل النديناميكيّ للمنشنبت، إ  ّ نل لنل الخصائص الدي
يتل التطرق حتى الآر لإيتاد علاقة رياضية تحكل  ذا الت ير تحليليا . يردم  ذا البحث دراسة 

لدراسة ّزر ت يّر  Abaqusتحليليّة وعدديّة لركيزة جسريّة من البيتور المسلح ااستخدام بر امج 
  تزا  على  سبة التخامد والتردّد الطبيعيّ اإيتناد علاقنات رياضنيّة مبسّنطة منن  نلا  سعة ا

محاكاة تتربة ا  تزا  الحرّ في المرحلة المر ة على عينة الركينزة التسنرية السنليمة، ومنن زنل 
محاكنناة تتربننة ا  تننزا  الرسننري للوصننو  للمرحلننة اللد ننة للعينننة، يليهننا تطبيننق ا  تننزا  الحننر 

العيننة المتشنرّرة. ومنن  نلا  مرار نة اسنتتااات التسنارق وا  ترنا  للركينزة التسنرية، تبنيّن على 
ّرّ ا ستتااات الديناميكيّة التحليليّة الناجمة عن اد ا  تنااع ت يّنر التخامند فني التحلينل ّقنرب 

 .إلى ا ستتااات التتريبيّة من تلك الناجمة عن اد ا  التخامد كقيمة زابتة
، 4سنعةا  تزا ، 3ا  تنزا  الرسنري ، 2 ا  تزا  الحر، 1معامل التخامد المفتاحية:الكلمات 

 .5الركائز التسرية البيتو ية المسلّحة 
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Introduction: 
In order to verify the dynamic behavior of the struc-

tures while responding to high levels of vibration, 

vibration tests have become more common on 

structures over the past century. However, the ex-

pense, large equipment requirements, and signifi-

cant effort required by this method, discourage re-

searchers from using it. In order to avoid using vi-

bration instruments as simulations and to replace 

vibration generation tests with effortless techniques. 

free vibration and circumferential vibration tests 

were used to identify structural dynamic behaviors. 

Given the significance of natural period in deter-

mining a structure's level of safety, the natural fre-

quency was used as the governing norm in the 

structural characteristics. Many researchers worked 

on completing a vibration control study, such as 

working on the analysis of frequency data, which 

can be collected cheaply and are sensitive indicators 

of structural safety [1]. Othor researches have 

sought to track radiation damping in seismic re-

sponse of buildings, and have discussed how radia-

tion damping relates to the engineering properties 

of the structure [2]. Although, the abovementioned 

techniques can be used to examine the effects of the 

natural frequency and damping ratios dependency 

on the vibration amplitudes. The available analyti-

cal simulation, which relies on creating numerical 

models using well-known techniques for structures 

modelling, including the finite element method, is 

crucial for understanding the dynamic behavior of 

the structures. 

1_Previous researches: 
Many laboratory and in-situ experiments were con-

ducted in previous studies to find techniques to as-

sess the dynamic properties, some of these re-

searches looked at how different types of installa-

tions' response capacities changed as a result of dy-

namic properties. It was discovered that the em-

ployment of free and circumferential vibration will 

offer a good alternative because it avoids damaging 

the structural elements, and saving money and time 

compared to massive forced vibration equipment. 

(M. Çlelebi etal. 1993) were investigated the dy-

namic characteristics of five buildings under high 

motions and low amplitudes [3]. They found that 

the seismic motion frequencies are useful for setting 

damping predictions based on forced vibration tests. 

(Fuqua et al. 1989) discovered that across the whole 

spectrum of prefabricated metal buildings, the dy-

namic properties are heavily dependent on the non-

structural parts' ability to respond [4]. 

(Tamura and Sagunama 1996) examined the evalua-

tion of amplitude dependence with respect to the 

natural frequency and damping ratio of three towers 

subjected to strong winds. They proposed the RDT 

classified by peak amplitude for a direct effective 

evaluation that demonstrates the dependence of 

amplitude on dynamic properties [5]. (Alsehnawi et 

al. 2016) were conducted free vibration experiments 

and a shaking table experiment as part of an exper-

imental investigation of reinforced concrete bridge 

pier. The dependency of the natural frequency and 

damping ration the acceleration amplitude was de-

termined [6]. Many previous studies were discussed 

the effect of vibration amplitudes on the dynamic 

characteristics of reinforced concrete structures in 

several experimental researches. However, the ana-

lytical prediction of the influence of vibration am-

plitude on the dynamic characteristics and the dy-

namic behavior of bridge piers has not conducted 

yet. 

2_Objective of the study: 
The purpose of this study is to predict analytically 

the relationship between the damping ratio and the 

amplitude of vibration excitation of reinforced con-

crete bridge piers. 

3_Methodology of the research: 
An analytical and numerical research was done by 

using Abacus 6.14 program-based numerical simu-

lation of three laboratory models that had previous-

ly been conducted at Utsunomiya University in Ja-

pan [6] [7] [8]. First of all, the experimental data 

from the three models was analyzed to expresses 

the relationship of the damping ratio with the accel-

eration amplitudes changes. Secondly, the damping 

ratio versus the natural frequency values at each 

time step were determined by solving the equilibri-

um equation for each model with fixed damping 

ratio and with variable damping ratio. Thirdly, the 

numerical models were solved in Abaqus 6.14 pro-

gram. Here, the damping ratio against the frequency 

values were input at each time step. The analytical 

and experimental responses were compared. Final-

ly, using 15% of Kushiro earthquake record, the 

dynamic analysis of the first model was done with 

constant and variable damping ratios. 
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4. The modelling 
Three laboratory models were used in this study. 

The first model is a cantilever pier model, shown in 

Figure (1). It consists of a single column, a cap and 

a concrete block that expresses the weight of the 

bridge slab. The foundation of the pier was modeled 

as a concrete block [6]. The second model, in Fig-

ure (2), is the first model after reaching the collapse 

stage by applying Kushiro earthquake, and then 

strengthen it by carbon fiber sheets [8]. The third 

model is illustrated in Figure (3), the model is a 

single-span bridge. It consists of a reinforced con-

crete beam on two reinforced concrete piers. Rub-

ber bearing supports reinforced with steel plates 

were used to represent the support [7].  

4.1. Models Description 
Model 1: The dimension of the model is illustrated 

in Figure (4) and Table (1). The model has four 

longitudinal reinforcement bars with diameter of 

10mm. The stirrups are 6mm in diameter with spac-

ing of 100mm and 20mm in the middle of the 

height. The properties of the concrete and rein-

forcement used are shown in Table (2). 

Model 2: This model has the same description of 

Model 1, in addition to carbon fiber sheets (CFS) is 

used to strengthen the model after collapse. The 

thickness of (CFS) is 0.111mm, the tensile strength 

is 3400N/mm2, and the elastic modulus is 245×103 

N/mm2. 

Model 3: The dimensions of the bridge model are 

shown in Figure (5), the slab contains four bars of 

longitudinal reinforcement with a diameter of 

10mm.The diameter of the stirrups is 6 mm with a 

spacing of 150mm, and 250mm in the middle of the 

height. Young’s modulus is 210kN/mm2, and longi-

tudinal reinforcement strength of 401N/mm2. The 

bridge slab and the two piers 'models were cast at 

different dates, thus, after 28 days, the concrete's 

compressive strength for the beam is 52.2N/mm2, 

and its elastic modulus is 32.9×103N/mm2. The two 

piers have a compressive strength of 27.8N/mm2 

and an elastic modulus of 26.4 ×103N/mm2. 

5. Analytical study:  
Damping ratio changes with the excitation ampli-

tude were  taken from three experimental models 

that were obtained by conducting free vibration test, 

Figure (6). The suitable graph of the amplitude-

damping ratio relationship of the three models was 

drawn with correlation coefficient of R2=0.8285 as 

depicted in Figure (7). The equation of this graph is 

illustrated in equation (2). Thereafter, the differen-

tial equation of motion, equation (1), was solved in 

order to conduct an analytical analysis of the model, 

taking into account the model is single degree of 

freedom system in programming the solution to 

determine the dynamic responses. The free vibra-

tion test was implemented by using an initial ve-

locity at the instant of t = 0, (u = 0،u̇ = u̇0 ,  ü =

0) with incremental time of 𝛥t = 0.023sec. In order 

to determine the analytical response val-

ue,ün+1=üexp, the acceleration response is calcu-

lated and compared to the maximum acceleration 

for each shock. The equation (2) was substituted in 

equation (1) to get the differential equation of mo-

tion in term of variable damping. 

𝐮̈ +  𝟐𝛇𝛚𝐧𝐮̇ + 𝛚𝐧
𝟐𝐮 =  𝟎 (1) 

ζ = 0.0305 𝐮̈0.2493: F (𝐮̈) = ζ (2) 

In order to get the preceding equation to describe 

the overall changes in the damping ratio in terms of 

responses amplitude. Based on the equation that 

was found by processing the experimental and ac-

celeration data. Thereafter, sequential approxima-

tion method was applied using Newmark equations 

to compute the response values (deformation, ve-

locity, and acceleration) in each time step. 

6. Numerical analysis: 
 6.1. Numerical model: 
 The modelling was carried  out in Abaqus 6.14 [9] 

by simulating engineering, physical, and structural 

properties, as shown in Figures (10). Finite element 

mish with dimensions of (0.2 × 0.2 × 0.2) m3was 

used. In this study, the stress-strain relationship of 

concrete and steel depending on the fundamental 

relationships of the material properties [10] were 

shown in Figure (8) and Figure (9). 

6.2. Model analysis:  

6.2.1. Modal analysis: 
Modal analysis was applied on the pier model by 

applying a triangular pulse in the weak direction of 

the cross-section, Figure (11), which depicts the 

impact of relatively strong forces over a brief period 

of  time. Abaqus 6.14 was  used to perform modal 

analysis in two scenarios: (1) constant damping ra-

tio of ζ=0.05, (2) variable damping ratio. The ana-
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lytical natural frequency was found and compare 

with experimental values. From Fourier spectrum 

graph that shown in Figure (12) and Figure (13), the 

first natural vibration mode was  just observed. The 

experimental and analytical natural frequency val-

ues of 10.9Hz and 10.938Hz, respectively, were 

approximately identical. At the maximum accelera-

tion amplitude of (1.307m/sec2) for the first model, 

the time history of the analytical acceleration re-

sponse with a constant damping ratio ζ = 0.05 was 

compared with the experimental response. Compar-

atively, Figure (14) shows that the relative differ-

ence was 0.709. For variable damping ratio, the var-

iable damping was input against the values of the 

natural frequency at each time step Δt = 0.023, 

which was produced from the analytical solution. 

The experimental maximum amplitude was com-

pared with the analytical acceleration response, the 

Figure (15) reveals the relative difference to be 0. 

3608.Thus, it is noticed that the mathematical val-

ues are fairly closer to the empirical values, in the 

case of variable damping ratio. 

6.2.2. Forced vibration: 
In this step, the effect of variable damping ratio on 

the dynamic response was investigated by applying 

forced vibration analysis. To stay in elastic stage, 

15% of Kushiro earthquake record in 1994, Figure 

(16), was applied. After that the analytical dynamic 

response of the first model was conducted in the 

two aforementioned scenarios. The comparison of 

the experimental response with the analytical re-

sponse for constant damping is shown in Figure 

(17). It is obvious from the figure that the relative 

difference for this comparison was 0.289. Other-

wise, in the case of variable damping ratio, Figure 

(18) shows that the maximum analytical response to 

experimental response was 0.0128. 

7. Conclusions  
An analytical and numerical study was conducted to 

investigate the effect of amplitude changes on 

damping ratio in dynamic analysis of a reinforced 

concrete bridge piers using Abaqus 6.14 program. 

The modal analysis and dynamic analysis were car-

ried out on a bridge pier model. The analytical re-

sponses, after defining the damping changes func-

tion in the analytical model was investigated. The 

results are given as follow: 

1. The damping ratio rises as the maximum exci-

tation amplitude increases. 

2. In modal analysis and in dynamic analysis, as 

well, the analytical responses result considering the 

variable damping ratio were closer than the re-

sponse with variable damping ratio to the experi-

mental response, confirming the necessity of taking 

the change of the damping during the dynamic 

analysis. 

3. Prior to selecting the design parameters, we 

must pay close attention to the expected vibration 

amplitude in order to adopt the dynamic character-

istics of any construction. 

8. Recommendations: 
1. Writing a software in an open-source program-

ming language like Python that can be linked with 

dynamic analysis packages like Abaqus to calculate 

the dynamic characteristics changes with changes in 

vibration amplitudes based on the equations given 

in this research. 

2. Performing more experimental models to get 

more exact relationship of the changing of the 

damping ration with the amplitude changes. 

 
Figure (1) RC bridge pier [6] 

 
Figure (2) RC Bridge pier after strengthen [8] 



Analytical Prediction of Damping Coefficient-Vibration……………..                Ghassoun, ALsehnawi  

 9من 4

 

 
Figure (3) RC bridge model [7] 

 
Figure (4) Geometrical parameters 

 of Model 1 and Model 2[6] 

 
Figure (5) Geometrical parameters 

 of Model 3 [7]. 

 
Figure (6) Experimental damping ratio vs acceleration 

amplitudes 

 
Figure (7) Three samples' experimental damping ratio 

vs acceleration amplitudes 

 
Figure (8) Stress-strain diagram of concrete 
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Figure (9) Stress-strain diagram of steel 

 
Figure (10) Numerical model of bridge pier 

 
Figure (11) Triangular pulse 

 

 
Figure (12) Experimental  

Fourier spectrum [8] 

 
Figure (13) Analytical Fourier spectrum 

 
F Figure (14) Acceleration time history with constant 

damping ratio (modal analysis) 

 
Figure (15) Acceleration time history with 

variable damping ratio (modal analysis) 

 
Figure (16) Kushiro earthquake record 

 
Figure (17) Acceleration time history with 

 constant damping ratio (dynamic analysis) 
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Figure (18) Acceleration time history with 

variable damping ratio (dynamic analysis) 

 

 

Table (1) Dimensions of bridge pier models 
Height 

(mm) 
Cross- 
section 

(mm) 
Element 

1500 100×500 Column 
Model 

(1), (2) 
100 300×350 Cap 
200 600×600 Concrete block 

1500 88*400 Column 

Model (3) 150 2200*400 Concrete block 

300 600*600 foundation 

 

 
Table (2) concrete and steel properties 

Compressive 

strength 
Poisson 

ratio 

 
Elasticity 

modulus 

 
 

Mpa - Mpa unite 

32.5 0.18 29100 concrete 

401 0.3 210000 steel 
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