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The results of linear static analysis explained that the increasing of pier heights was 

leaded to rise the values of positive bending moment, tensile stresses, and downward 

vertical deflection. Whereas the compressive stresses and negative bending moment 

were decreased, indicating that the structural performance of bridge structure 

representing by stiffness, bearing capacity of structural members, and elasticity will 

decrease and the bridges structures will be damaged. Therefore, the bridges structures 

need safe design when using tall piers by adopting high quality materials such as high 

strength concrete, more steel reinforcement, more prestressed tendons, and increasing 

of cross section dimensions of girders and piers. The results of modal analysis show 

that the un-loaded dynamic frequency for three types of bridges models were decreased 

when the pier heights were increased, indicating that the stiffness of bridges structure 

was became low with higher pier height. According to response spectra and time history 

analysis results, the loaded dynamic frequency (vibration state) and dynamic 

displacement were increased when the pier heights were increased, showing that the 

bridge of structure will suffer from high vibration when the pier height was high. It can 

be concluded that from this study, the piers heights have significant effects on the static 

and dynamic structural performance of bridges structures under traffic loads. 
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1. INTRODUCTION

According to topography of the construction area, city, or 

traffic intersections types which need to construct bridges to 

cross the waterway and obstacles, or to reduce the traffic jam 

in intersections, the bridges designers need to use different 

heights of bridge piers. Therefore, piers heights are important 

factors in the design of bridge substructure.  

A bridge structure is normally used in lifelines. They play a 

significant position in the economic activities of cities and they 

are one of the important elements of any transport road and rail 

network. If bridge structure was subjected to dynamic loads 

such as vehicles load with different speeds and seismic event, 

different levels of damages and failures will appear. The main 

parameters that eliminated the damages and failures are the 

intensity of dynamic and seismic loads, type of soil, spans 

length and number, types of superstructures and substructure, 

materials, number of piers, skew angle, and curvature. The pier 

height has important effect in the design of bridge structure 

which is subjected to dynamic loads [1, 2]. 

Substructure of bridges consists of some important parts 

which are include foundations, piers, pier caps, and abutments. 

The types of bridge substructure are selected during the first 

round of design stage of the bridge design depending on 

different types of factors such as kind of natural soil, skew 

angle, kind of superstructure, locality of a roadway and 

railway tracks, cost of construction. The kind of bridge 

foundations is depended on a number of factors such as soil 

type below the substructure components, total bridge length 

(numbers of spans), kind of bridge, nearness to water [3-5]. 

Substructure components (abutments and piers) are used to 

carry and support bridge superstructures parts such as bearings, 

beams or girders, deck, and pavement layers. Mostly, 

abutments and piers are constructed and made by using 

reinforced concrete (normal or prestressed). The favored 

information for connecting the superstructure to the 

substructure are dependent on the geometry and bridge kind [6, 

7]. 

Piers (column) of bridge are structures, which give vertical 

supports for spans of bridge at intermediate points to resist 

horizontal loads and to transfer the different types of loads 

such as dead loads of superstructure, construction loads, traffic 

loads to the foundations which are acting on the bridge 

structure. Additionally, piers are designed to resist high lateral 

loads caused by seismic actions. Any disaster in a pier with a 

critical position causes a disaster in that position and all the 

nearby structural members and it can lead to the complete 

failure of the structure [8-10].  

Piers are elevated structure and they are constructed by 

using bricks or stone masonry. The piers are supported on 

foundation like spread footings, piles, wells or caissons. The 

superstructures comprising the slab or beams transmit the 

reactions to the piers and abutments through the bridge 

bearings and bed locks [11, 12].  

The shape of a pier depends on some factors such as the type, 

size and dimensions of the superstructure. There are some 
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types of piers which they are used to support structure of 

bridges. When bridges cross a roadway or railway traffic, the 

using of piers are multi-column or hammerhead piers. The 

structure of piers can be solid, square, rectangular, circular, 

trestle and hammer-head types. Solid piers are of masonry or 

mass concrete. Cellular, trestle and hammer-head types are 

constructed in reinforced concrete [13, 14]. 

Piers can be named as tall pier (high pier) when the height 

of pier structure more than 30 m. According to development 

of world economy, there are many bridges have been 

constructed in the rugged topography which are using piers has 

height more than 40 m to span across deep valleys. When 

using tall piers in the construction of bridges, there are two 

types of higher mode influences. The first is the results from 

the irregularity of the structure system of bridges and the 

second comes from the tall piers themselves [15, 16]. 

There are a large variety of piers kinds which are used in the 

construction of bridges structures. The horizontal longitudinal 

and transverses spacing between piers, and pier height depends 

on the types of bridge superstructure, the spacing of 

superstructure girder, the column size, and the aesthetic 

requirements [17]. 

Tang and Li studied the effect of pier height on the spatial 

vibration of the bridge for train system. They selected four 

multi-span simply supported bridge with different pier heights. 

They concluded that the natural frequency (unloaded case) 

was increased with decreasing of pier height. The dynamic 

coefficients in the middle of span differ with the pier height at 

maximum speed of train. The dynamic displacements were 

increased when the pier height increased. The vertical 

accelerations in the top of pier were higher when the speed of 

train increased [17].  

Agrawal et al. investigated the effect of vehicles loads with 

different speeds on a three spans steel girder bridge structure 

with reinforced concrete piers by using LS-DYNA, including 

a connection between seismic and shock resistance of bridge 

piers. They presented a comparative study between static load 

prescribed by AASHTO Guide Specifications and dynamic 

shocks loads which was investigated during theoretical 

analysis [18].  

In general, the objectives of dynamic analysis (response 

spectra, modal and time history analysis) are to presents a 

correct evaluation of expected structural reactions for a given 

seismic event or movement of vehicles on the bridge structure, 

to give a nominal compute of expected answers, which will 

make sure sufficient behaviour of the structure, and to make 

sure that an easy and straight load route is provided for each 

frame [19]. 

There are several studies investigated the dynamic 

behaviours of bridges structure with different pier heights 

under seismic event without considering the effect of vehicles 

loads such as the literatures [20-27].   

The purpose of this study is to investigate the effects of piers 

height on the linear static dynamic responses under vehicles 

loads by using linear static, response spectra, and time history 

analysis methods for three different types of bridges structure. 

 

 

2. GEOMETRY, PROPERTIES, AND LOADS OF 

BRIDGES MODELS  

 

In this study, three types of bridges structures are selected 

to study the effects of different piers heights on the static and 

dynamic responses by adopting response spectra, modal and 

time history analysis. These types of bridges structures are 

precast concrete of four girders U shape, prestressed concrete 

box girder with three cells, and composite bridge (steel I 

girders under concrete deck). SAP2000 is used to create three-

dimension finite element models. Pier type is a solid 

rectangular shape concrete and they have heights which range 

between 8 m and 60 m dividing by 4 m. All bridges models 

have same total length is (200 m), width (11 m), and each span 

length is 20 m and number of spans is 10. Table 1 lists the piers 

heights and Figures 1, 2, and 3 show the types of bridges 

models with different heights of piers. Models have pier 

heights 8 m, 36 m, and 60 m are selected to show in the figures 

for all three types of bridges structures. 

The properties of materials are similar for all types of 

bridges models, piers, and piers cap. These materials include 

concrete, prestressed tendons, and steel. The grade of concrete 

is C-40 and the weight per unit volume is 23.56 kN/m3. The 

type of prestressed tendons is A416Gr270 with weight per unit 

volume is 76.97 kN/m3 and minimum yield stress and 

minimum tensile stress are 1689.9 MPa and 1861.5 MPa 

respectively.  

 

Table 1. Pier heights for bridges model 

 
Model No. Pier Height (m) 

1 8 

2 12 

3 16 

4 20 

5 24 

6 28 

7 32 

8 36 

9 40 

10 44 

11 48 

12 52 

13 56 

14 60 

 

 
(a) Elevation view 

 
(b) Pier height (8 m) 

 
(c) Pier height (36 m) 
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(d) Pier height (60 m) 

 

Figure 1. U shape girder bridge models 

 

 
(a) Pier height (8 m) 

 
(b) Pier height (36 m) 

 
(c) Pier height (60 m) 

 

Figure 2. Box girder bridge models 

 

 
 

(a) Pier height (8 m) 

 
 

(b) Pier height (36 m) 

 
 

(c) Pier height (60 m) 

 

Figure 3. Composite bridge models 

 

For linear static analysis, the loads combination consists of 

dead load of structure, live load of traffic, pavement layer 

weight, pedestrian loads on sidewalk, prestressed tendons load, 

and temperature loads. The dynamic load is used standard 

vehicle type HL-93M. It is a type of designed vehicular load 

proposed by AASHTO in 1993 which is used as the design 

load for highway structures in USA and other countries where 

AASHTO code is followed. Figure 4 shows HL-93M Design 

vehicle AASHTO. 

 

 
(a) Side view 
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(b) Plan view 

 

Figure 4. HL-93M Design vehicle AASHTO [27] 

 

 

3. LINEAR STATIC ANALYSIS  

 

Linear static analysis is an important method to analyze 

bridges structures. When compared with non-linear analysis 

method, linear analysis is a proficient method to determine 

static parameters of bridges structures as it assumes the 

structure to perform in an elastic mode. Generally, the 

essential theory of linear static is that the behavior of bridge 

structure is linear according Hook law and the loads are static 

without movement. For important structures such as bridges, 

linear static analysis, dynamic analysis needs to apply with 

static analysis. Static analysis can be carried out by hand or 

using a computer program such as ANSYS, SAP2000, 

MIDAS, CSI bridge and others engineering programs. The 

finite element method is a right theoretical method to find 

solutions of differential equations for the structural 

engineering applications, spatially in bridges analysis [28-33]. 

In this study, three static responses are used to find the effects 

of pier heights on the structural performance of three types of 

bridges structure. These responses include bending moment, 

stresses, and vertical deflection. CSI bridge Ver. 20 is used to 

create bridges models and analyzing process. 

 

3.1 Results of bending moment  

 

Bending moment takes place when the structure is subjected 

to a force at a given distance away from a point of position 

which is causing a bending effect. When structure has not 

enough stiffness and bearing capacity, the bending moment 

will cause to rotate about a certain point. Static responses 

values depend on the bending moment values. When bending 

moment increased, leading to increasing in stresses and 

vertical deflection values [34]. 

Figure 5 illustrates the magnitudes of positive bending 

moment for precast concrete of four girders U shape models, 

prestressed concrete box girder with three cells models, and 

composite bridge (steel I girders under concrete deck) models. 

Prestressed concrete box girder bridge models have the higher 

values of positive bending moment than others types of 

bridges models. Therefore, the values of tensile stresses and 

vertical deflection will increase for this type of bridge. The 

results of analysis shows that the values of positive bending 

moment increase when the heights of piers structures are 

increasing. The maximum value of positive bending moment 

for all three types of bridges models appears within No. 14 

(piers height is 60 m) which are 1,6421 kN.m, 21,491 kN.m, 

and 10,367 kN.m for precast concrete of four girders U shape 

models, prestressed concrete box girder bridge models, and 

composite bridge models respectively.  

The results of negative bending moment can be seen that in 

Figure 6. The values of negative bending moment decrease 

with increasing of piers heights for all types of bridges models. 

The lower values of negative bending moment for precast 

concrete of four girders U shape models, prestressed concrete 

box girder bridge models, and composite bridge models are 

16,276 kN.m, 18,563 kN.m, and 9,053 kN.m respectively. 

 

 
 

Figure 5. Magnitudes of positive bending moment 

 

 
 

Figure 6. Magnitudes of negative bending moment 

 

3.2 Results of tensile and compression Stresses  

 

Stress is a physical magnitude that expresses the internal 

forces that neighboring particles of a continuous material 

apply on each other [35]. Stress can be defined as the 

resistance of structure to external force and it is equal to force 

(fundamental physical quantity) per area (geometrical 

quantity) [36]. Generally, there are two types of stresses such 

as tensile stress and compressive stress. These types are 

important and they have significant effects on the structural 

performance of concrete and steel structures because of there 

is relationship between stresses and appears cracks in 

structures. Tensile stress occurs due to stretching or tensile 

forces and it is dependable for the elongation of the structure 

along the axis of the applied load. Compressive stress can be 

defined as the stress that results in the compression of the 

material and it occurs due to a compressive force [35-37].  

The results of linear static analysis shows that the values of 

tensile stresses for all three types of bridges models increases 

with increasing of piers heights, indicating that the piers 

heights have significant effects on the appearing of cracks 

within bridges models that have tensile stresses more than 
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allowable stresses. Figure 7 shows the values of tensile 

stresses and box girder bridge models have higher values of 

tensile stresses than others two types of bridges. Model No. 14 

has maximum values of tensile stress which is 4.78 MPa. For 

precast concrete U shape models and composite bridge models, 

the higher values of tensile stresses also appear within model 

No. 14 (60 m pier heights) and they are 3.76 MPa and 3.59 

MPa respectively. The magnitudes of compressive stresses 

decreases when pier heights are decreased. Therefore, the 

minimum magnitudes of compressive stresses are 12.39 MPa, 

9.03 MPa, and 16.17 MPa for precast concrete U shape models, 

prestressed concrete box girder models, and composite models 

within model No. 14 (60 m pier heights) respectively. Figure 

8 shows the values of compressive stresses. 

 

 
 

Figure 7. Magnitudes of tensile stresses 

 

 
 

Figure 8. Magnitudes of compressive stresses 

 

3.3 Results of vertical deflection  

 

Vertical deflection of civil structure such as bridge means 

the movement or displacement of a beam, girder, or node from 

its original location due to the external loads and dead loafs 

(weight of structure) being applied to the structure part. 

Therefore, vertical deflection can be defined as the vertical 

distance between a point from the un-deformed axis of a 

structure and the same point which lies on the deformed axis. 

[34, 38]  

Figure 9 illustrates the vertical deflection values for three 

types of bridges models which are selected in this study. From 

this figure it can be seen that prestressed concrete box girder 

bridge models give higher values of vertical deflection and 

composite bridge models produce lower values of vertical 

deflection. When the pier heights of bridges structures are 

increased, the values of vertical deflection are increased, 

Therefore, the bridge structure may be subjected to damage. 

For precast concrete U shape bridge models, the minimum 

value of vertical deflection is 13 mm within model No. 1 (8 m 

pier height) and the maximum value is 20 mm within model 

No. 14 (60 m pier height). The higher value of vertical 

deflection for prestressed concrete box girder bridge models is 

27 mm within model No. 14 (60 m pier height) and the lower 

value is 17 mm within model No. 1 (8 m pier height). 

Composite bridge model appears minimum value within 

model No. 1 (8 m pier height) which is 8 mm and maximum 

value is 17 mm within model No. 14 (60 m pier height).    

 

 
 

Figure 9. Magnitudes of vertical deflection 

 

 

4. MODAL, RESPONSE SPECTRA, AND TIME 

HISTORY ANALYSIS  

 

The purpose of modal analysis is to transfer fully coupled 

problem of N degrees of freedom to N uncoupled single-

degree-of freedom (SDOF) problems that can be solved 

individually. The essential properties of modal analysis can be 

accurately captured of the response if the small number of 

modes are considered. Therefore, the number of modes 

depends on the applied load and on the response factors were 

examined. This method is used to determine the natural 

frequency of bridge structure (without external live loads). 

Response spectrum and time history analysis is a method 

usually used for the design of structures. It presents for linear 

or nonlinear assessment of dynamic response under live loads 

Practically, the method is an overview of modal analysis. The 

objective of this method is to supply quick calculations of the 

peak response without the need to carry out response history 

analysis. This method is used to find dynamic vibration 

frequency, the dynamic displacement, velocity and 

acceleration (dead load with live loads) [39-42]. 

 

4.1 Results of un-loaded dynamic frequency  

 

Un-loaded dynamic frequency is measured vertical 

direction (critical stage) by using modal analysis to determine 

modes shapes of displacement in three dimensions of structure 

(longitudinal, transverse, and vertical) under dead load only 

(weight of structure) without external loads. In this stage of 

analysis, natural vibration of structure will be measured. 

Figure 10 shows the results of modal analysis for three types 

of bridges models with different pier heights. From this figure 

it can be noted that the un-loaded dynamic frequency for three 

types of bridges models is decreased when the pier heights are 

increased, indicating that the stiffness of bridges structure is 

became low with higher pier height.   
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Figure 10. Results of modal analysis of un-loaded dynamic 

frequency for three types of bridges models with different 

pier heights  

 

4.2 Results of loaded dynamic frequency  

 

Loaded dynamic frequency is determined in vertical 

direction (critical stage) by adopting response spectra and time 

history analysis under live loads (vehicles loads). Response 

spectra is the elastic dynamic analysis method and it involves 

the determination of the maximum values of displacements 

and forces in each mode of vibration. Time history analysis 

determines the responses of structure which is applied to 

dynamic loads [43]. The values of loaded dynamic frequency 

can be shown in Figure 11. Models with pier height 8 m appear 

lower values of loaded dynamic frequency, which are equal to 

4.38 Hz, 3.89 Hz, and 5.59 Hz for precast concrete of four 

girders U shape, prestressed concrete box girder with three 

cells, and composite bridge (steel I girders under concrete 

deck) respectively, than models with pier height 60 m which 

are equal to 6.97 Hz, 6.92 Hz, and 7.44 Hz for precast concrete 

of four girders U shape, prestressed concrete box girder with 

three cells, and composite bridge (steel I girders under 

concrete deck) respectively. It can be concluded that the 

loaded dynamic frequency (vibration state) is increased when 

the pier heights are increased, indicating that the bridge of 

structure will suffer from high vibration when the pier height 

is high. 

 

 
 

Figure 11. Values of loaded dynamic frequency for three 

types of bridges models with different pier heights 

 

According to comparative curves in Figure 12, Figure 13, 

and Figure 14, the bridges structures appear higher values of 

un-loaded dynamic frequency than loaded dynamic frequency 

within the first five models for U shape structures, within the 

first four models of box girder structure and composite model, 

indicating that these models have higher stiffness than others. 

The models after pier height 28 m appear lower values of un-

loaded dynamic frequency than loaded dynamic frequency for 

three types of bridges models, meaning that these models have 

lower stiffness and elasticity. Therefore, the bridge structure 

with high pier heights need to redesign by increasing the cross 

sections of girders and piers, reinforcement, high strength 

concrete and steel, construction of diaphragms in transverse 

direction. 

 

 
 

Figure 12. Comparative curves between loaded and un-

loaded dynamic frequency for U shape model 

 

 
 

Figure 13. Comparative curves between loaded and un-

loaded dynamic frequency for box girder model 

 

 
 

Figure 14. Comparative curves between loaded and un-

loaded dynamic frequency for composite model 
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4.3 Results of loaded dynamic displacement  

 

Loaded dynamic displacement is important factor in the 

dynamic analysis because it measures the vertical movement 

of bridge structure in upward and downward direction under 

traffic loads. Figure 15 gives the results of loaded dynamic 

displacement according to spectra and time history analysis. It 

can be seen that the values of displacement are increased when 

the pier heights are increased due to high vibration state in high 

pier heights. Models with pier height 8 m have displacement 

value are equal to 2.26 mm, 2.91 mm, and 1.60 mm for precast 

concrete of four girders U shape, prestressed concrete box 

girder with three cells, and composite bridge (steel I girders 

under concrete deck) respectively. Whereas, models with pier 

height 60 m give displacement value higher than others models 

and equal to 4.46 mm, 5.18 mm, and 3.71 mm for precast 

concrete of four girders U shape, prestressed concrete box 

girder with three cells, and composite bridge (steel I girders 

under concrete deck) respectively.  

 

 
 

Figure 15. Results of loaded dynamic displacement for three 

types of bridges models with different pier heights 

 

 

5. CONCLUSIONS 

 

1) Three types of bridges structures are selected to study 

the effects of different piers heights on the static structural 

performance. These types of bridges structures are precast 

concrete of four girders U shape, prestressed concrete box 

girder with three cells, and composite bridge (steel I girders 

under concrete deck). The piers heights are chosen to range 

between 8 m and 60 m dividing by 4 m. 

2) There are three static responses are used to find the 

effects of pier heights on the structural performance of three 

types of bridges structure. These responses include bending 

moment, stresses, and vertical deflection. CSI bridge is used 

to create bridges models and analyzing process.    

3) The results of bending moment analysis show that the 

values of positive bending moment increase when the heights 

of piers structures are increasing. The maximum value of 

positive bending moment for all three types of bridges models 

appears within No. 14 (piers height is 60 m) which are 16,421 

kN.m, 21,491 kN.m, and 10,367 kN.m for precast concrete of 

four girders U shape models, prestressed concrete box girder 

bridge models, and composite bridge models respectively. The 

values of negative bending moment decrease with increasing 

of piers heights for all types of bridges models. The lower 

values of negative bending moment for precast concrete of 

four girders U shape models, prestressed concrete box girder 

bridge models, and composite bridge models are 16,276 kN.m, 

18,563 kN.m, and 9,053 kN.m respectively. 

4) The results of stresses shown that the values of tensile 

stresses for all three types of bridges models increases with 

increasing of piers heights. The maximum value of tensile 

stress for all three types of bridges models appears within 

model No. 14 (piers height is 60 m) which are 3.76 MPa, 4.78 

MPa, and 3.59 MPa for precast concrete of four girders U 

shape models, prestressed concrete box girder bridge models, 

and composite bridge models respectively. 

5) Prestressed concrete box girder bridge models give 

higher values of vertical deflection and composite bridge 

models produce lower values of vertical deflection. The higher 

value of vertical deflection for prestressed concrete box girder 

bridge models is 27 mm within model No. 14 (60 m pier 

height). For precast concrete U shape bridge models, the 

maximum value is 20 mm within model No. 14 (60 m pier 

height) and the maximum value of composite models is 17 mm 

within model No. 14 (60 m pier height).    

6) The results of modal analysis shown that the un-

loaded dynamic frequency for three types of bridges models is 

decreased when the pier heights are increased, indicating that 

the stiffness of bridges structure is became low with higher 

pier height. 

7) According to response spectra and time history 

analysis results, the loaded dynamic frequency (vibration state) 

is increased when the pier heights are increased, indicating that 

the bridge of structure will suffer from high vibration when the 

pier height is high. 

8) Dynamic displacement analysis output shown that the 

values of loaded dynamic displacement are increased when the 

pier heights are increased due to high vibration state in high 

pier heights. 

9) In general, the stiffness, elasticity, bearing capacity, 

and dynamic resistance are decreased when the pier heights 

are increased. Therefore, the bridge structure with high pier 

heights need to redesign by increasing the cross sections of 

girders and piers, reinforcement, high strength concrete and 

steel, construction of diaphragms in transverse direction. 
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