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Abstract 

The present paper focuses on the nonlinear static pushover analysis of a 3-span existing RC bridge located 

in Indian seismic Zone IV as per IS1893-2016 using the Finite Element Method (FEM). The 3D model of 

the RC bridge is simulated using the FEM technique and pushover analysis is performed to analyze the 

structure for modal mass participating ratio, performance level, spectral demand, and capacity of the 

structure. The bridge pier and longitudinal girder are modeled using the two noded beam element and bent 

cap and abutment of the bridge structure is modeled using the 8 noded brick element. The base of the column 

is assumed fixed condition. The pushover analysis is performed using Displacement Modification (FEMA 

440) and Capacity Spectrum Method (ATC 40). The outcomes of results appear that the considered bridge 

has inadequate capacity to cope up with any of the desired performance levels because spectral demand is 

greater than the spectral capacity. The modal analysis of the 3D bridge exposes that it has many closely-

spaced modes. The mass participating ratio for the higher modes is not very high. After performing pushover 

analysis of the exiting RC bridge structure it has been concluded that the existing bridge structure does not 

meet seismic criteria of spectral demand as per the ATC 40 and FEMA 440, therefore retrofitting is required 

for bridge component i.e. piers, abutment, and bent cap. 
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1. Introduction 

Over the last ten decades, India has challenged the 

world’s major earthquake. The north-eastern part of  

India along with the Himalayan region is vulnerable 

to crucial earthquakes having magnitude 8.0 or 

even more. Bridges play a major role in the 

development of the nation as they connect two 

remote areas, nowadays it is also useful in traffic 

control, Failure of a single bridge leads to not only 

huge monetary loss but also human life’s, which is 
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precious than anything. Researchers show that RC 

curved bridges can collapse from the structural 

configuration and design principle [1]. The major 

collapse in the pier of the Baihua Bridge was either 

shear flexural or the pure shear case as shown in 

Fig. 1 [2] observed that all the concrete stopper on 

pier cap gets crushed as shown in Fig. 2. The author 

also observed that in the Nisqually Earthquake of 

0.3 seconds, the concrete pier of the bridge was 

damaged at the base and concrete spalling was also 
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found in the piers as shown in Fig. 3. Therefore, it 

is very relevant to check the vulnerability of 

existing bridges for seismic forces. A vulnerability 

of the existing bridge structure can be checked 

using the pushover analysis. Therefore, the next 

paragraph gives a brief description of the pushover 

analysis. 

 

 

 

Fig. 1. Failure of a column of Baihua Bridge 

 

 

Fig. 2. Crushed concrete stopper on pier cap 

 

Fig. 3. Damaged column 

 

 Pushover analysis is a nonlinear static analysis 

in which the lateral force is applied monotonically 

for the required performance level. Sequential 

failure, plastic hinging, and cracking patterns are 

estimated in pushover analysis. The role of 

pushover analysis for structures issued since the 

1970s, however, it is used widely in the last 15-20 

years. Pushover analysis is used to find out the 

strength and actual displacement of an existing 

structure during seismic ground motion. This 

analysis is also useful for verification and adequacy 

of new structural design as well. Researchers 

developed the modal pushover analysis to calculate 

the seismic performance in a nonlinear system 

which comprises of two stages i.e. (i) the peak 

response of the inelastic multi-degree of freedom 

system and (ii) total demand by combining modal 

combination [3]. Ranjit et al. [4] investigated the 

first pier hinging for nonlinear equilibrium 

conditions during the required performance level. 

In preference of employing various demand spectra 

with distant damping ratios, the feat point is 

accessed by the intersection of capacity spectrum 

and a single demand spectrum with different 

damping. This spectrum curve is obtained with a 

procedure similar to the method called procedure B 

in chapter 8 of  ATC-40 [5]. Modeling of hinges 

uses the “P-M2-M3 Type hinge” instead of the 

“M3-Type” hinge for the reinforced column [6]. 
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Kappos et al. [7,8] showed that the standard 

pushover analysis provides a better result only in 

the dominated first mode while the modal pushover 

analysis provides the result by combining various 

modes. Banerjee and Shinozuka [9] showed that the 

nonlinear static analysis method provides more 

practice-oriented results than nonlinear dynamic 

analysis in evaluating the seismic performance of 

the bridge. Researchers observed that for the multi-

span bridge, the performance of modal pushover 

analysis in nonlinear range follow the similar 

behavior as in linear range, although the mode 

shape is different in yielding [10]. Range Pinho et 

al. [11] explained that the first mode pushover 

analysis is able to predict the response of 

continuous span bridges subjected to seismic 

loading. Paraskeva et al. [12] proposed a Modal 

Pushover Analysis, which improves the accuracy in 

determining the deck displacement in the higher 

modes. In the nonlinear demand spectrum method, 

the seismic demand is much more difficult to define 

unless a simplified inelastic design spectrum is 

utilized. Pushover analysis based on uniform 

loading pattern is failed to capture the maximum 

displacement at the center of gravity of the structure 

[13]. Paraskeva and Kappos [14] showed that in the 

case of the overpass of the bridge, modal pushover 

analysis, standard pushover analysis, and response 

history analysis follow the closer value of 

maximum deck displacement. Tehrany et al. [15] 

found that the spectral displacement capacity of the 

bridge decreased on an average by 43% also 

spectral displacement demand decrease when loose 

sand is replaced by dense sand. Hence, by 

combining both effects, the author concluded that 

loose sand represents the worst-case scenario. 

Beheshti and Jahanfekr [16], introduced a new 

correction coefficient CB for the regular bridge 

which is multiplied by the previous coefficient. 

Although further investigation is required for the 

irregular bridge. Ojha et al. [17] carried out a 

pushover analysis of a 10 story reinforced framed 

concrete structure and check the vulnerability of the 

building component. Patil et al. [18] find out the 

seismic capacity of a typical T girder concrete 

highway bridge designed as per Indian standards 

code studied different girder bridges subjected 

dynamic load to investigate the seismic risk 

assessment. Murdiansyah et al. [19] investigate the 

seismic performance of Wreksodiningrat arch 

bridge, using nonlinear modal pushover analysis. 

Maheshwari and Firoj [20] develop the spring-

dashpot model for the lumped mass structure. 

Bergami et al. [21] reported that nonlinear static 

pushover analysis is a powerful tool to predict the 

displacement behavior of existing bridges.  

 From the above literature, it is found that many 

of the existing bridges were failed during past 

earthquakes. Therefore, the existing bridge 

structure should be checked against the new code 

for rehabilitation purposes. Keeping in view the 

above literature, it is found that very few studies are 

carried out for the seismic demand of existing 

bridge structure using the pushover analysis. 

Therefore, this paper emphasis to develop the 

numerical finite element model of the existing 

bridge structure using two different code i.e. ATC 

40 [5] and FEMA 440 [22] for the retrofitting 

purposes. 

 

2. Method of analysis 

The analysis of the existing bridge structure is 

carried out using the two standard code approaches 

i.e. capacity spectrum method and displacement 

modification method. 

2.1. Capacity spectrum method (ATC 40) 

The capacity spectrum method (CSM) is a 

technique to draw the push-over curve for 

determining the performance point sometimes also 

called the ADRS (Acceleration-Displacement 

Response Spectra) method of the structure. It 

qualifies the spectral demand initially using a 5% 

damped linear-elastic response spectrum and 

diminish the spectrum to send back the effects of 

energy dissolution to access the inelastic 

displacement demand.  

 To convert a spectrum from the standard Sa 

(Spectra Acceleration) vs. T (Period) format found 

in the building codes to ADRS format, it is 

necessary to determine the value of  𝑆𝑑𝑖 (Spectral 
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Displacement) for each point on the curve, 𝑆𝑎𝑖, 𝑇𝑖 . 

This can be done with Eq. (1) as 

𝑆𝑑𝑖 =  
𝑇𝑖

2

4𝜋2
𝑆𝑎𝑖𝑔  (1) 

 Standard demand response spectra contain a 

range of constant spectral acceleration and the 

second range of constant spectral velocity, 𝑆𝑣. 

Spectral acceleration and displacement at a period 

𝑇𝑖  are calculated using Eq. (2): 

𝑆𝑎𝑖𝑔 =
2𝜋

𝑇𝑖
𝑆𝑣,                𝑆𝑑𝑖 =

𝑇𝑖

2𝜋
𝑆𝑣  (2) 

 The seismic capacity is calculated using first 

mode spectral coordinates. Any point 𝑉𝑖(Base 

Shear), 𝛿𝑖 (Roof Displacement) on the capacity 

(pushover) curve is converted to the corresponding 

point 𝑆𝑎𝑖, 𝑆𝑑𝑖 on the capacity, spectrum using the 

Eqs. (3) and (4) respectively, 

𝑆𝑎𝑖 =
𝑉𝑖 𝑤⁄

𝛼1

  (3) 

𝑆𝑑𝑖 =
𝛿𝑖

(𝑃𝐹1 𝑥 𝜙1,𝑟𝑜𝑜𝑓)
  (4) 

where,𝛼1 and 𝑃𝐹1 are the modal mass coefficient 

and participation factors for the first natural 

frequency of the structure respectively. 𝜙1,𝑟𝑜𝑜𝑓 is 

the top-level amplitude of the first mode. The modal 

participation factors and modal coefficient are 

given in Eqs. (5) and (6): 

𝑃𝐹1 = [
∑ (𝑤𝑖𝜙𝑖1)/𝑔𝑛

𝑖=1

∑ (𝑤𝑖𝜙𝑖1
2 )/𝑔𝑛

𝑖=1

]  (5) 

𝛼1 =
[∑ (𝑤𝑖𝜙𝑖1)/𝑔𝑛

𝑖=1 ]2

[∑ 𝑤𝑖/𝑔𝑛
𝑖=1 ][∑ (𝑤𝑖𝜙𝑖1

2 )/𝑔𝑛
𝑖=1 ]

  (6) 

where 𝑤𝑖  is the weight at any level i. 

 The damping at the time of pushover analysis in 

the plastic range is the combination of viscous and 

hysteretic damping. Hysteretic damping can be 

represented as equivalent viscous damping. Thus, 

the total effective damping can be estimated using 

Eq. (7): 

𝛽𝑒𝑓𝑓 =  𝜆𝛽𝑜 + 0.05  (7) 

where 𝛽𝑜 is the hysteretic damping and 0.05 is the 

assumed and 5% viscous damping inherent in the 

structure is assumed. The λ -factor (called κ -factor 

in ATC-40) is a modification factor to account for 

the extent to which the actual building hysteresis is 

well represented by the bilinear representation of 

the capacity spectrum. 

 The hysteretic damping can be calculated using 

Eq. (8): 

𝛽𝑜 =
1

4𝜋

𝐸𝐷

𝐸𝑆𝑜

  (8) 

where 𝐸𝐷 is the energy dissipated by damping and 

𝐸𝑆𝑜 is the maximum strain energy. 

2.2. Displacement modification method (FEMA 

440) 

The displacement modification method includes 

several improved alternatives for the basic ratio of 

the maximum displacement (elastic plus inelastic) 

for an elastic perfectly plastic SDOF oscillator to 

the maximum displacement for a completely linear 

elastic oscillator that is designated as the coefficient 

𝐶1 in FEMA 356. This method also recommends 

that the current limitations (capping) allowed by 

FEMA 356 to the coefficient 𝐶1 be abandoned. 

Besides, a distinction is recognized between two 

different types of strength degradation that have 

different effects on system response and 

performance. This distinction leads to 

recommendations for the coefficient 𝐶2 to account 

for cyclic degradation in strength and stiffness. It is 

also suggested that the coefficient 𝐶3 can be 

eliminated. 

 For most structures, Eq. (9) may be used for the 

coefficient 𝐶1: 

𝐶1 = 1 +
𝑅−1

𝑎 𝑇𝑒
2   (9) 

where,𝑇𝑒 is the effective fundamental period of the 

SDOF model of the structure in seconds and R is the 

strength ratio computed in FEMA 356 method. The 

constant a is equal to  90 for the medium soil 

condition. For periods less than 0.2 s, the value of 

the coefficient 𝐶1 0.2 s may be used. For periods 

greater than 1.0 s, 𝐶1 can be assumed to be 1.0. 

 It is recommended that the 𝐶2 coefficient can be 

calculated using Eq. (10) 

𝐶2 = 1 +  
1

800
(

𝑅−1

𝑇
)

2

   (10) 
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 For a period less than 0.2 sec, the coefficient 𝐶2 

for 0.2 s may be used. For periods greater than 0.7 

sec, 𝐶2 may be assumed equal to 1.0. 

 

3. Modeling of RC bridge 

In the present study, the RC bridge is modeled using 

the FEM. The pier of bridge and longitudinal girder 

is modeled using 2 noded beam element while the 

bent cap and abutment are modeled using the 8 

noded brick element. The concrete behavior is 

modeled using Mander’s model. The reinforced 

concrete bridge considered in the study is a 3-spans, 

two-lane bridge having a 9 m width and 30 m span, 

supported by a T shape girder having 1.5 m total 

depth. The longitudinal girders are supported on the 

bent cap over the fixed bearing and latch in a 

transverse orientation. The load-bearing piers are 

circular having 1 m diameter, fixed at the bottom, 

and of height 8 m. The end of the span is supported 

by the abutment having the size of 15 x 2 m. IRC 

70R design live load is considered in the analysis 

for assessing the performance of the existing RC 

bridge structure [23]. The mechanical properties of 

the RC bridge structure considered are shown in 

Table 1. The base shear force is calculated for the 

bridge using the IRC 6-2014 [24] code and IS 1893-

2016 [25] as reported by the various researchers 

[26-28] and Medium soil type is used for 

calculating the Sa/g (spectrum acceleration) value. 

 The simplified figure of the bridge in the 

lengthwise direction is modeled using FEM as 

shown in Fig. 4. 20 bar having a diameter of 24 mm 

is provided in the longitudinal direction while 

transverse reinforcement is provided 10 mm 

diameter@100 mm spacing. Pier cross-section is 

circular and reinforcement details are in Fig. 5. The 

dimension and the pier deck arrangement as shown 

in Fig.6 respectively. The possible hinge can be 

formed at the bottom and top of the pier, bent cap, 

and at the joint of the longitudinal girder with bent 

cap and abutment [29]. 

 

Table 1. Material properties of the bridge 

component  

Sl. No. Parameter Values 

1 Modulus of elasticity, E (GPa) 5000√fck 

2 Poisson’s ratio of concrete, ν 0.2 

3 Compressive strength of 

concrete (MPa) 

30 

4 Grade of reinforcement (MPa) Fe415 

5 Importance factor (I) 1.2 

6 Response reduction factor (R) 5 

7 Seismic zone IV 

8 Zone factor 0.24 

9 Soil type Medium 

10 Damping ratio 5% 

 

 

Fig. 4. Schematic diagram of the bridge in X-Z plane 
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Fig. 5. Detail of pier section 

 

 
Fig. 6. Cross-section of the bridge in Y-Z plane 

 

3.1. Modeling of flexural plastic hinges 

For performing the pushover analysis, the bridge 

modeling is taken out in such a manner that it 

assesses the inelastic behavior of the structural unit. 

In the present analysis, a point-plasticity way is 

advised to create inelasticity, at which point the 

plastic hinge is assumed to be concentrated at a 

particular point in the frame member under 

consideration. Piers in this study are modeled with 

flexure (P-M2-M3) hinges and longitudinal girder 

with (M3) plastic hinge at possible plastic regions 

under lateral load. The flexural hinges and the shear 

hinges for both ends of the longitudinal girders and 

piers are presented in Fig.7. 

 Flexural hinges which are based on material 

nonlinearity are defined, the behavior between the 

moment and rotation curve. The flexural hinges are 

depending on the reinforcement detailing and the 

cross-section for the location of the hinge. The 

hinges formed due to geometrical nonlinearity are 

obtained by the moment versus curvature behavior 

of the structural elements. For flexure hinges 

observed in pier was obtained in axial force 

interaction while the rotational values obtained, 

only by the axial force which is generated by the 

gravity load. 
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3.2. Moment vs. rotation criterion in the pushover 

analysis 

To model hinges, the moment- rotation parameter 

represents the basic input and this can be obtained 

between moment and curvature relation [30]. The 

idealized behavior between the moment and 

curvature is shown in Fig. 7. The important points 

between the moment and rotation curve are 

explained as: 

▪ ‘A’ represented the unloaded condition. 

▪ ‘B’ shows the behavior between the nominal 

elastic strength and the yield rotation (θy). 

▪ The ‘IO’ corresponds to the immediate 

vehicular performance level. 

▪ The mark ‘LS’ corresponds to the life safety 

performance level. 

▪ The mark ‘CP’ corresponds to prevent the 

structure from collapse. 

▪ ‘C’ represents the behavior between the 

ultimate strength and ultimate rotation θu, later 

which failure takes place. 

 
Fig. 7. Axis system for flexural and shear hinges 

 

 
Fig. 8. The behavior between the moment and rotation 

curve of the RC component 

 

▪ ‘D’ represents the residual strength of the 

element, if observed in the element, corresponds 

to the residual strength, if any, in the member. 

▪ ‘E’ represents the maximum deformation 

capacity, which is considered as 15θy or θu, 

whichever is greater. 

 

4. Results and discussion 

In the present study, the seismic performance of the 

actual RC bridge is calculated using pushover 

analysis. The analysis involves the estimation of 

modal mass participating ratio, the performance 

level of structure, spectral capacity, and spectral 

demand. The analysis is performed at the collapse 

prevention level for which the maximum drift at the 

top of the structure is 4% height of the structure i.e. 

320mm. 

4.1. Modal mass participating ratio 

The vertical distribution of lateral forces or story 

shear which is incorporated in the equivalent static 

analysis (allows only when more than 75% of the 

total mass engage in the fundamental mode in the 

considered direction). Results of the modal mass 

participating ratio for different mode is shown in 

Table 2. The model mass participation factor is 

calculated in the cumulative sense. Based on the 

results, it is observed that the modal mass ratio is 

greater than 75% in the higher mode only in the Z 

direction. 

4.2. Performance point using ATC 40 

The demand displacement in the capacity spectrum 

method occurs at a mark, on the capacity spectrum 

which is called the performance point. Performance 

point represents the condition at which the seismic 

capacity of the structure is equal to the seismic 

demand imposed on the structure by the specified 

ground motion. The analysis is performed in two 

directions one is longitudinal and another is the 

transverse direction of the bridge. The longitudinal 

direction is denoted by the X direction and the 

transverse direction is denoted by the Y direction. 

4.2.1. Performance point in the X direction 

Results of the pushover demand & capacity in the 

X direction are shown in Table 3 and graphical 

representation is shown in Fig.9. From the results, 
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it is found that the maximum base shear is 1370 kN 

at the maximum displacement of 25 mm whereas 

the spectral acceleration (Sa) and the spectral 

displacement (Sd) based on the ADRS format are 

0.613g and 25 mm respectively for Teff.= 0.4 sec. 

The effective damping βeff is 0.163 which is more 

than the conventional value 0.05, it shows that 

structures have more ductility than what we have 

assumed. The spectral capacity and the spectral 

demand are found to be 24.5823 mm and 24.6375 

mm respectively at Teff. = 0.4 sec as estimated from 

Fig.10. 

4.2.2. Performance point in the Y direction 

Results of analysis pushover demand and capacity 

in the Y direction are shown in Table 4 and Fig. 11. 

Based on the results, it is observed that the 

maximum base shear is 1316.492 kN at the 

maximum displacement of 30 mm whereas the 

spectral acceleration (Sa) and the spectral 

displacement (Sd) based on the ADRS format are 

0.595g and 25 mm respectively for Teff. 0.412 sec. 

The effective damping βeff is 0.159 which is more 

than the conventional value of 0.05. So, it shows 

that structures have more ductility than we have 

assumed. 

Table 2. Modal mass participating ratio 

Modal participating mass ratios 

Step Type Period (Second) 
Percentage participation ratio (%) 

X Y Z 

Mode 1 0.16013 58.19 52.60 69.74 

Mode 2 0.14657 58.19 65.68 69.75 

Mode 3 0.09053 58.19 73.53 80.16 

Mode 4 0.08814 47.17 73.53 80.17 

Mode 5 0.08457 47.17 73.54 80.17 

Mode 6 0.08012 70.30 73.54 80.17 

Mode 7 0.07930 70.30 73.90 80.17 

Mode 8 0.07674 70.30 73.91 80.20 

Mode 9 0.06487 70.30 73.99 80.29 

Mode 10 0.05483 70.30 74.02 80.30 

Mode 11 0.05430 70.30 74.07 80.36 

Mode 12 0.04132 70.30 74.07 80.37 
 

Table 3. Demand and capacity in the X direction 

Demand and capacity in the X direction 

S. No. Teff (Second) βeff 
Spectral displacement (Sd) 

Capacity (mm) Demand (mm) 

0 0.32133 0.050 0.00 25.65 

1 0.32133 0.050 1.46 25.64 

2 0.32111 0.050 2.77 25.61 

3 0.31799 0.050 10.89 25.19 

4 0.31819 0.050 10.94 25.15 

5 0.34584 0.105 14.91 22.50 

6 0.34587 0.105 14.91 22.50 

7 0.40927 0.172 26.23 25.00 

8 0.40936 0.172 26.25 25.01 

9 0.67935 0.252 99.70 40.36 

10 0.74820 0.258 128.29 43.98 
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Fig. 9. Capacity spectrum curve in the X direction 

 

Fig. 10. Spectral capacity and spectral demand in the X direction 

 

Table 4. Demand and capacity in the Y direction 

Demand and capacity in the Y direction 

S. No. Teff (Second) βeff 
Spectral displacement (Sd) 

Capacity (mm) Demand (mm) 

0 0.3209 0.0500 0.00 2.55 

1 0.3209 0.0500 6.48 2.55 

2 0.3417 0.0772 1.35 2.49 

3 0.3937 0.1484 2.22 2.49 

4 0.5424 0.2375 5.24 3.30 

5 0.6452 0.2527 8.33 3.82 

6 0.7200 0.2580 112.23 4.24 
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Fig. 11. Capacity Spectrum Curve in the Y direction 

 

 At the effective period of 0.412 sec in Y-

direction, the spectral capacity and the spectral 

demand are calculated from Fig. 12 as 25.9768 mm 

and 25.9803 mm respectively. 

 Based on results it is observed that the location 

of the performance point is not satisfying two 

relationships to prevent the structure from collapse 

i.e. first, the point is not lying on the capacity 

spectrum curve to represent the structure at a given 

displacement and secondly, the point is not lying on 

a spectral demand curve, reduced from the elastic 

by 5 percent-damped design spectrum, that 

represents the nonlinear demand at the same 

structural displacement. 

4.3. Target displacement using the displacement 

modification (FEMA 440) 

The target displacement of the bridge structure is 

calculated in the longitudinal and transverse 

directions of the bridge structure. The target 

displacement is determined at the point where the 

capacity curve intersects the idealized force-

displacement curve. In the present study, the 

monitored displacement is considered 320mm i.e. 

up to the collapse of the structure. Below given 

Tables 5 and 6 give the permissible limit of the 

monitored displacement in the Y- and X-directions, 

respectively.

 

 

Fig. 12. Spectral Capacity and spectral demand in the Y direction 
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Table 5. Base shear vs. monitored displacement in Y-direction 

Pushover curve - push Y 

Step 
Displacement 

(m) 

Base Force 

(KN) 

A 

to 

B 

B 

to 

IO 

IO 

to 

LS 

LS 

to 

CP 

CP 

to 

C 

C 

to 

D 

D 

to 

E 

Beyond 

E 
Total 

0 0.000067 0 52 0 0 0 0 0 0 0 52 

1 0.007636 665.24 51 1 0 0 0 0 0 0 52 

2 0.015987 1167.51 48 3 1 0 0 0 0 0 52 

3 0.02576 1305.86 47 4 1 0 0 0 0 0 52 

4 0.05776 1392.36 47 2 2 1 0 0 0 0 52 

5 0.08976 1479.60 46 0 4 1 1 0 0 0 52 

6 0.119773 1560.41 42 4 4 1 1 0 0 0 52 

7 0.119456 535.32 41 4 4 1 1 1 0 0 52 

 

Table 6. Base shear vs. monitored displacement in X-direction 

Pushover curve - push X 

Step 
Displacement 

(m) 

Base Force 

(KN) 

A 

to 

B 

B 

to 

IO 

IO 

to 

LS 

LS 

to 

CP 

CP 

to 

C 

C 

to 

D 

D 

to 

E 

Beyond 

E 
Total 

0 0 0 52 0 0 0 0 0 0 0 52 

1 0.00002 150.22 52 0 0 0 0 0 0 0 52 

2 0.00022 283.80 52 0 0 0 0 0 0 0 52 

3 0.00054 1143.43 50 2 0 0 0 0 0 0 52 

4 0.00104 1146.31 50 2 0 0 0 0 0 0 52 

5 0.00180 1239.95 49 3 0 0 0 0 0 0 52 

6 0.00336 1240.12 49 3 0 0 0 0 0 0 52 

7 0.00551 1391.16 46 4 2 0 0 0 0 0 52 

8 0.00760 1391.44 45 4 2 1 0 0 0 0 52 

9 0.00965 1576.53 43 2 4 2 1 0 0 0 52 

10 0.01230 1640.79 41 4 2 2 0 0 2 1 52 

 

4.3.1. Target displacement parameter in the lateral 

and longitudinal direction of the bridge 

The base shear in the lateral direction at the target 

displacement of 1373.137 kN is satisfying the cod 

limit, i.e. not less than 80% of the effective yield 

strength of the structure (80% of 1212.6142 kN = 

970.091 kN). The base shear vs. target 

displacement in Y-direction is shown in Fig. 13. 

The base shear in the longitudinal direction at the 

target displacement 1428.492 kN is satisfying the 

cod limit, i.e. not less than 80% of the effective 

yield strength of the structure (80% of 1319.93kN 

= 1055.2kN). The base shear vs. target 

displacement in the X-direction is shown in Fig.14. 

Therefore, it is predicted that the bridge can take 

more load in the longitudinal direction collapse in 

the Y-direction. 
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4.4. Sequential failure of structural element 

The sequential failure of the bridge component is 

shown in Fig. 15. The failure mechanism is 

calculated at the last step of pushover analysis. The 

following sequence explains the failure steps of an 

individual component of the bridge using the 

pushover analysis of RC bridge: 

▪ E type hinge is formed at the base of the pier, 

and at its top, C type hinge (collapse 

mechanism) is formed. 

▪ At the base of the pier 2, C type hinge (collapse) 

is formed, and at the top Life Safety Hinge is 

formed. 

▪ At the top of the pier 3, B type hinge (a yielding 

mechanism) is formed and there is no hinge 

formation at the base of the pier  

▪ The longitudinal girder reaches upto the 

yielding mechanism. 

 

5. Conclusions 

The present work focuses on the seismic 

performance analysis of RC bridges using pushover 

analysis. The bridge shown in the above figure is 

continued horizontally with its two ends reticent, 

and that creates inequality of the dynamic analysis 

of bridges from buildings. Based on the results 

following points are concluded: 

▪ The modal mass participating ratio in the X 

direction (longitudinal direction) is less as 

compared to the Y and Z direction, which shows 

that the structure is capable to resist the dynamic 

load in the Y and Z directions and we have to 

ensure that a suitable method should be applied 

to increase the stiffness in the X-direction. 

▪ At the effective period, spectral displacement is 

higher than spectral capacity in the X and Y 

direction which shows the need for retrofitting 

of RC bridge structure. 

▪ Pier 1 fails under crushing at the base this shows 

that it cannot sustain its self-weight. Also at the 

top of the pier, a hinge mechanism takes place 

that leads to the formation of a Collapse 

Prevention (CP) hinge. 

▪ In Pier 2 collapse prevention hinge is formed at 

the base, extensive cracking and hinge 

formation take place in ductile elements 

whereas limited cracking and splice failure 

occur in the non-ductile pier. Also at the top of 

the pier, Life Safety (LS) type hinge is formed 

in which crack is formed at the microscopic 

level. 

 

 

 

 

Fig. 13. Base shear force vs displacement using FEMA 440 in the Y direction 
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Fig. 14. Base shear force vs displacement using FEMA 440 in the X direction 

 

 

Fig. 15. Hinges formation in the structural element 

 

▪ Using Displacement Modification Method 

(FEMA 440), for collapse prevention (CP)level, 

the monitored displacement in the Y direction is 

119.77mm and the target displacement is 

51mm. To re-strengthening the structure for the 

CP performance point we have to control the 

maximum displacement of the structure up to 

the target displacement. 
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