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ABSTRACT 

 

In a few years there are  seismic hazard like bhuj earthquake in Gujarat and uttarkashi earthquake in uttrakand. 

So India focusing to design the earthquake resisting structure therefore static /dynamic non-linear analysis is 

important to find out the performance level of structure. This paper discusses the pushover analysis of 

composite bridge structure also composite structures are generally used in construction field due to its 

economical and efficiency solution. The bridge modelling is analysed by using SAP 2000 vs.16 software. Static 

non-linear analysis is performed on a model to find out the response of the composite bridge under the action 

of gravity load.  
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I. INTRODUCTION 

 

The structure analysis of the composite bridge 

containing two steps the first step of this analysis is 

the bridge modelling .For the longitudinal global 

bending behaviour only structure steel with half of a 

reinforced concrete slab is modelled. The structure 

analysis is a first order elastic linear one. The analysis 

of the elastic mechanical properties for each cross 

section required. 

 The effective width of the flanges (shear leg 

effect). 

 The different modular ratio between concrete and 

steel (creep effect). 

A. SHEAR LEG EFFECT 

For a composite structure bridge it mainly affects the 

concrete slab (upper flange) where the actual width to 

span ratio is not negligible. The shear leg effect 

should theoretically also be checked for the bottom 

steel flange but usually no reduction occurs. 

 

 

B. SECTION ANALYSIS 

 

Bottom steel flange 

The equivalent span lengths of the bridge are 0.85L, L 

for the side spans and the Abutments, 0.7L, L for the 

inner span, and for the support regions around the 

piers. 

 

Upper concrete slab 

In a given cross-section of one of the main girder, the 

effective width of the concrete slab is the sum of 3 

terms beff=bo+β1be1+β2be2 

Where, 

bo= centre-to-centre distance between the outside 

stud rows. 

be1=min (L/8, b) where L is the equivalent span length 

for the considered cross-section and b is the actual 

geometric width of the slab associated to the main 

girder 

be2=the cantilever slab outside the main steel girder 
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After the determination of the effective width of the 

concrete slab and the modular ratios for the different 

elementary load cases, it becomes possible to calculate 

the elastic mechanical properties of each composite 

cross-section along the bridge girder. Following the 

construction phases these properties have to be given 

to the bar elements modelling the bridge for getting 

the internal forces and moments and the stress 

distribution by applying the general rules of the 

Strength of Materials. Notations are as follows: 

 A area of the structural steel part of the composite 

cross-section 

 A area of the reinforcing steel of the composite 

cross-section (within the effective width for  

shear lag) 

 A area of the concrete part of the composite cross-

section (within the effective width for shear lag) 

 n modular ratio 

 I second moment of area of the structural steel 

part of the composite cross-section 

 I second moment of area of the concrete part of 

the composite cross-section 

 

Thermal shrinkage  

 

The thermal shrinkage produced by the difference in 

temperature ▲T between structural steel and 

concrete when concreting. The recommended value is 

▲T = 20°C thus giving a strain e =α▲T which is 

relatively high. In fact, on-site measurements show 

that this temperature difference seems correct but a 

part of the Corresponding thermal shrinkage applies 

to a structure which has not yet a composite 

behaviour It should normally be used only to 

determine the cracked zones of the global analysis 

and to control the crack width in the concrete slab. 

 

 

 
Figure stress-strain distribution in composite section  

 

NON LINEAR STATIC ANALYSIS (PUSHOVER 

METHOD) 

 

Inelastic analysis procedures for the seismic 

evaluation and design of upgrades of structure as well 

as design of new construction. The generic process of 

inelastic analysis is similar to conventional linear 

procedure in that the engineer develops a model of 

the structure in which is then subjected to a 

representation of the anticipated seismic ground 

motion. The coefficient method is fundamentally a 

displacement modification procedure that is 

presented in FEMA 356. 

 

The coefficient method of displacement modification 

from FEMA 356:- 

The coefficient method is the primary non-linear 

static procedure presented in FEMA 356. This 

approach modifies the linear elastic response of the 

equivalent SDOF system. 

 

Figure Bilinear approximation of push-over curve 
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The peak elastic spectral displacement is directly 

related to the spectral acceleration by the relation. 

Sd= (Teff) 2/4π2xSa 

Where, 

Sd= spectral displacement.  

Sa=spectral acceleration. 

Teff=effective time period depend upon the relative 

stiffness of structure. 

 

The NSP may be used for any structure and any 

Rehabilitation Objective, with the following 

exceptions and limitations. 

• The NSP should not be used for structures in which 

higher mode effects are significant, unless an LDP 

evaluation is also performed. To determine if higher 

modes are significant, a modal response spectrum 

analysis should be performed for the structure using 

sufficient modes to capture 90% mass participation, 

and a second response spectrum analysis should be 

performed considering only the first mode 

participation. Higher mode effects should be 

considered significant if the shear in any story 

calculated from the modal analysis considering all 

modes required obtaining 90% mass participation 

exceeds 130% of the corresponding story shear 

resulting from the analysis considering only the first 

mode response. When an LDP is performed to 

supplement an NSP for a structure with significant 

higher mode effects, the acceptance criteria values for 

deformation-controlled actions (m values). 

 

Analytical Modelling 

 

The composite bridge structure was assumed to be 

fixed at the bottom. The slab, beam and Column of 

Bridge structured are modelled with the help of 

providing diaphragm. Which means the beam at the 

same level act as rigid and the displaced structure of 

the structure is same at same level. The composite and 

RCC (reinforced cement concrete) bridge design in 

sap2000 and hinges properties define in beam and 

column as per American code design as a ductile 

material which carries flexural load in beam and axial, 

flexural load in column only. 

Two different modelling are considered as follows. 

Model 1 – composite bridge model; 

Model 2 – RCC (reinforced cement concrete) bridge 

model; 

Table1. Material property of bridge 

Grade of concrete in deck slab M35 

Grade of concrete in column M40 

Grade of steel  Fe500 

Poisson ratio 0.15 

Coefficient of thermal expansion 0.00001 

 

Both modelling of bridge structure are design as a 

road bridge with three spans (70m+80m+70m). the 

continuous composite deck is made up of four steel 

girder with I cross section and a concrete slab is 

modelled in model 1 and concrete slab with four 

reinforced concrete rectangular beam is designed in 

model 2 with total width 10m without footpath is 

design according to IRC. The circular piers have a 

diameter 1.5m is used. The bottom end of the column 

is provided with fixed base. 

 
Figure Geometric plan of bridge. 

 
Figure Hinge formation in model 1 
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Figure Hinge formation in model 2 

 

II. RESULTS 

 

From the output of SAP2000vs.2016, different results 

obtained are prepared by graphs and is compared to 

find out structural behaviour against lateral load. The 

effect of composite bridge against RCC (reinforced 

cement concrete) pushover results by two different 

method ATC-40 and FEMA-356. With more data 

against story displacement and story shear is studied. 

 

1. Pushover Result 

 

Table Target Shear and displacement from pushover 

curve.                                                                    

Modal Target 

Shear 

(KN) 

Target Displacement (m) 

Modal 1 2673.669 0.069 

Modal 2 4313.667 0.091 

 
Figure Target shear from FEMA-356 method 

 

 
Figure Target displacement from FEMA-356 method 

 

2. Base Shears  

The analysis done on both model by using zone factor 

0.36 and find out base shear using IS code 1893-2002 

and load participation given in IS code 1893-1984. 

 

Table seismic force by IS 1893-2002 

 

Model Base shear by IS 1893-2002(KN) 

Model 1 1768.547 

Model 2 2666.954 
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Figure Base shear from IS 1893-2002 

 

III. CONCLUSION 

 

The pushover analysis is done on a composite and 

RCC (reinforced cement concrete) bridge using 

analytical mathematical modeling in sap2000 vs.16. A 

single direction pushover analysis prediction approach 

for target displacement and shear response is 

proposed. The following conclusions are made as 

follows. 

 

 Base shear calculated from analysis done by IS 

code on both the modeled shows that composite 

bridge structure developed only 66.31% as 

compare to RCC bridge model because reduce in 

seismic weight of composite bridge due to using of 

I section channel as compare to concrete beam in 

model 2 also the larger stiffness of steel section as 

compare to the reinforced concrete beam. 

 Target displacement calculated from model 

analysis find that model 1 having 24.17% lesser 

displacement compare to the model 2 because 

composite structure bridge having larger lateral 

stiffness compare to the RCC bridge structure. 
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