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Abstract— A metro framework is a railroad transport 

framework in a urban territory with a high limit, recurrence 

and the level partition from other movement. Metro System 

is utilized as a part of urban areas, agglomerations, and 

metropolitan zones to transport expansive quantities of 

individuals. A lifted metro framework is more favored sort of 

metro framework because of simplicity of development and 

furthermore it makes urban zones more open with no 

development trouble. A hoisted metro framework has two 

noteworthy components wharf and box support. The present 

investigation centers around two noteworthy components, 

wharf and box support, of a lifted metro basic framework. 

Traditionally the wharf of a metro connect is outlined 

utilizing a power based approach. Amid a seismic stacking, 

the conduct of a solitary dock raised extension depends 

generally on the flexibility and the uprooting limit. It is 

essential to check the flexibility of such single docks. Power 

based techniques don't expressly check the dislodging limit 

amid the plan. The codes are presently moving towards an 

execution based (uprooting based) plan approach, which 

consider the outline according to the objective exhibitions at 

the plan organize. Execution of a wharf composed by a Direct 

Displacement Based Design is contrasted and that of a power 

based outlined one. The plan of the wharf is finished by both 

power based seismic outline technique and direct removal 

based seismic outline strategy in the initial segment of the 

examination. In the second section, a parametric report on 

conduct of box support spans is done by utilizing limited 

component technique. The limited component display is 

approved with model of Gupta et al. (2010). The parameters 

considered to exhibit the conduct of Single Cell Box Girder, 

Double Cell Box Girder and Triple Cell Box Girder spans are 

sweep of ebb and flow, traverse length and traverse length to 

the range of ebb and flow proportion. These parameters are 

utilized to assess the reactions of box brace connects to be 

specific, longitudinal worries at the best and base, shear, 

torsion, minute, avoidance and principal recurrence of three 

kinds of box support spans. The execution evaluation of 

chose composed dock demonstrated that, the Force Based 

Design Method may not generally ensure the execution 

parameter required and in the present case the wharf 

accomplished the objective prerequisite. If there should arise 

an occurrence of Direct Displacement Based Design Method, 

chose wharf accomplished the conduct factors more than 

focused Values. These conclusions can be viewed as just for 

the chose wharf. The parametric examination on conduct of 

box support spans demonstrated that, as ebb and flow 

diminishes, reactions, for example, longitudinal worries at the 

best and base, shear, torsion, minute and diversion diminishes 

for three kinds of box brace scaffolds and it indicates very 

little variety for central recurrence of three sorts of box 

support connects because of the consistent traverse length. It 

is watched that as the traverse length increments, longitudinal 

worries at the best and base, shear, torsion, minute and 

redirection increments for three kinds of box support spans. 

As the traverse length builds, principal recurrence diminishes 

for three kinds of box brace spans. Additionally, it is noticed 

that as the traverse length to the range of ebb and flow 

proportion builds reactions parameter longitudinal worries at 

the best and base, shear, torsion, minute and diversion are 

increments for three sorts of box support spans. As the 

traverse length to the sweep of bend proportion builds major 

recurrence diminishes for three kinds of box support spans. 
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I. INTRODUCTION 

A metro framework is an electric traveler railroad transport 

framework in a urban region with a high limit, recurrence and 

the level division from other activity. Metro System is 

utilized as a part of urban areas, agglomerations, and 

metropolitan regions to transport extensive quantities of 

individuals at high recurrence. The review partition enables 

the metro to move uninhibitedly, with less intrusions and at 

higher general rates. Metro frameworks are ordinarily 

situated in underground passages, hoisted viaducts above 

road level or level isolated at ground level. A lifted metro 

auxiliary framework is more favored one because of 

simplicity of development and furthermore it makes urban 

zones more open with no development trouble. A raised 

metro auxiliary framework has the favorable position that it 

is more financial than an underground metro framework and 

the development time is substantially shorter. 

II. OBJECTIVE OF PAPER 

 To study the performance of a pier designed by Force 

Based Design Method. (FBD) and Direct Displacement 

Based Design (DDBD) Method 

 To study the parametric behavior of a Curved Box Girder 

Bridges 

III. METHODOLOGY 

Power Based Design Method (FBD) is the consistent strategy 

to plan the metro connect dock. In this technique, the 

principal era of the structure is assessed from part flexible 

stiffness's, which is evaluated in view of the approx geometry 

of the segment. The fitting power decrease factor (R) relating 

to the surveyed flexibility limit of the kind of auxiliary 

framework and material is chosen in the power based outline 

and connected to the base shear of the structure. The plan of 

a wharf by compel based seismic outline strategy is done 

according to IS 1893: 2002 Code. The outline methodology 

to locate the base shear of the dock by FBD strategy is 

compressed underneath.  

1) Stage 1: The basic geometry of the dock is accepted  
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2) Stage 2: Member versatile solidness are evaluated in 

view of part measure.  

3) Stage 3: The major time frame is figured by: 

T = 0.075 h 0.75 

Where h = Height of Building, in m 

4) Step 4: Seismic Weight of the building (W) is estimated. 

5) Step 5: The design horizontal seismic coefficient Ah for 

a structure determined by 

Where, Z = Zone factor  

I = Importance factor  

R = Response reduction factor,  

Sa/g = Average response acceleration coefficient 

Z, I, R and Sa/g are calculated as per IS 1893:2002 Code. 

6) Step 6: The total design lateral force or design seismic 

base shear force (VB) along any principal direction is 

given by 

VB = Ah W 

Where Ah = Design Horizontal Seismic Coefficient and  

W= Seismic Weight of the Building 

IV. RESULT & DISCUSSION  

In this method to used various software to perform the 

methodology and used some manual parameter to find out the 

result. DDBD method used to calculate some parameter of 

box girder. 

A. Performance Study of a Pier Designed By FBD & DDBD   

Execution investigation of the run of the mill wharf composed 

by a Force Based Design (FBD) Method and Direct 

Displacement Based Design (DDBD) Method is portrayed in 

this section. The wharf is outlined in light of FBD and DDBD 

Method. Execution appraisal is completed for the outlined 

wharf and the outcomes are examined quickly. 

B. Design of Pier using Force Based Design 

The geometry of wharf considered for the present 

investigation depends on the plan premise report of the 

Bhopal Metro Rail Corporation (BMRC) Limited. The 

wharfs considered for the investigation are situated in the 

raised metro station structure. The powerful tallness of the 

considered docks is 13.8 m. The wharfs are situated in 

Seismic Zone II, according to IS 1893 (Part 1): 2002. The 

displaying and seismic investigation is completed utilizing 

the limited component programming STAAD Pro. The 

average wharf models considered for the present 

investigation are appeared in figure 4.1. 

 
Figure 4.1: Typical Pier Model 

C. Material Property 

The material property considered for the present pier analysis 

for concrete and reinforcement steel are given in Table 4.1 

Properties of Concrete 

Grade of concrete M50 

Compressive Strength of Concrete 50N/mm2 

Density of Reinforced Concrete 24.7KN/m3 

Elastic Modulus of Concrete 36kN/mm2 

Poisson’s Ratio 0.15 

Thermal Expansion Coefficient 1.17 x 10 -5 /0C 

Properties of Reinforcing Steel 

Yield Strength of Steel 500 N/mm2 

Young’s Modulus of Steel 204,000 N/mm2 

Density of Steel 78.50 kN/m3 

Poisson’s Ratio 0.31 

Thermal Expansion Coefficient 1.2 x 10 -5 /0C 

Table 4.1: Material Property for Pier 

D. Design Load 

The rudimentary outline stack considered for the examination 

are Dead Loads (DL), Super Imposed Loads (SIDL), Imposed 

Loads (LL), Earthquake Loads (EQ), Wind Loads (WL), 

Derailment Load (DRL), Construction and Erection Loads 

(EL), Temperature Loads (TL) and Surcharge Loads (Traffic, 

building and so on.) (SR). The inexact burdens considered for 

the examination are appeared in Table 4.2. The aggregate 

seismic weight of the wharf is 17850 kN. 

Load from 

Platform 

Level 

Load 
Load from Track 

Level 
Load 

Self-Weight 120 kN Self-Weight 163 kN 

Slab Weight 82 kN Slab Weight 100 kN 

Roof Weight 122 kN Total DL 263kN 

Total DL 324 kN SIDL 115 kN 

SIDL 155 kN Train Load 185 kN 

Crowd Load 80 kN 
Braking + 

Tractive Load 
28 kN 

LL on Roof 162 kN 
Long Welded Rail 

Forces 
57 kN 

Total LL 242 kN Bearing Load 20 kN 

Roof Wind 

Load 
86 kN 

Temperature 

Load 
 

Lateral 246 kN For Track Girder 18 kN 

Bearing 

Load 
15 kN 

For Platform 

Girder 
15 kN 

  Derailment Load 80 kN/m 

Table 4.2: Approximate design Load 

 The power based outline is completed for Pier 

according to IS 1893:2002 and IRS CBC 1997 Code and the 

outcomes are appeared in Table 4.3. From the FBD, it is 

discovered that the base required cross area of the wharf is 

just 1.5 m x 0.7 m for 2.1 % support. The base shear of the 

wharf is 890 kN 

 

Pier Type 

 

Cross Section (m) 

 

Diameter of Bar (mm) 

 

Number of Bars 

% of Reinforcement 

Required Provided by BMRC 

Pier Type A 2.5 x 1.6 32 #30 0.8 % 1.46 % 

Pier Type B 2.5 x 1.6 32 #40 0.8 % 1.46 % 

Table 4.3: Reinforcement Details as per Force Based Design
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E. Design of Pier using Direct Displacement based Design 

The immediate removal based seismic outline technique 

proposed by Priestley et al. (2007) and IRS CBC 1997 Code 

is utilized to plan of Pier Type B and the outcomes are 

appeared in Table 4.4. The execution level considered for the 

examination is a Life Safety (LS) level. 

Displacement 

Ductility 

Drift 

Limit (m) 

Cross 

Section (m) 

Base Shear 

Vb (kN) 

Diameter of Bar 

(mm) 

Number of 

Bars 

% of Reinforcement 

Required 

1 0.275 1.4 x 0.8 604 32 #18 1.3 % 

2 0.275 1.4 x 0.8 150 32 #14 0.9 % 

3 0.275 1.4x 0.8 86 32 #14 0.9 % 

4 0.275 1.4 x 0.8 60 32 #14 0.9 % 

Table 4.4: Reinforcement Details as per Direct Displacement Based Seismic Design 

 The parametric examination is conveyed to know 

the impact of uprooting malleability on base shear for various 

Performance levels and the outcomes are appeared in Figure 

4.2. The figure demonstrates that as the uprooting pliability 

level expands the base shear of the wharf diminishes and 

furthermore the contrast between various execution levels is 

around 40 % 

V. CASE STUDY OF BOX GIRDER BRIDGES 

The geometry of Box Girder Bridge considered in the present 

examination depends on the plan premise report of the 

Bangalore Metro Rail Corporation (BMRC) Limited. In this 

examination, 60 quantities of just upheld box support connect 

show is considered for investigation to contemplate the 

conduct of box brace spans. The points of interest of the cross 

segment considered for this examination is given in Figure 

4.5 and different geometric cases considered for this 

investigation are displayed in Table 4.7. The material 

property considered for the present investigation is appeared 

in Table 4.8. 

 
Figure 4.5: Cross Section of Simply Supported Box Girder 

Bridge considered for study 

Span Length 

(m) 

Radius of 

Curvature (m) 

Theta 

(radian) 

Number of 

Boxes 

Radius of Curvature 

30 ∞ 0.000 

1,2,3 

30 100 0.310 

30 150 0.206 

30 200 0.155 

30 250 0.124 

30 300 0.103 

30 350 0.088 

30 400 0.077 

Span Length 

16 120 0.133 

1,2,3 

19 120 0.158 

22 120 0.183 

25 120 0.208 

28 120 0.233 

31 120 0.258 

Span Length to Radius of Curvature Ratio 

12 120 0.100 

1,2,3 

24 120 0.200 

36 120 0.300 

48 120 0.400 

60 120 0.500 

72 120 0.600 

Table 4.7: Geometries of Bridges used in Parametric Study 

Properties of Material Value 

Weight per unit volume 235.3 Kn/m3 

Mass per unit volume 24 kNm3 

Modulus of Elasticity (E) 32500 x 103 Kn/m2 

Poisson’s Ratio (υ) 0.16 

Coefficient of thermal expansion (A) 1.171 x 10-5 / °C 

Shear Modulus (G) 1.412 x 1010 N/m2 

Specific Concrete Compressive 

Strength (fc´) 
45.5x 106N/m2 

Table 4.8: Material Properties 

 The moving burden investigation is performed for 

live heap of two path IRC 6 Class A (Tracked Vehicle) 

stacking for every one of the cases considered by utilizing 

SAP 2000. The longitudinal worry at the best and base, shear, 

torsion, minute, diversion and principal recurrence is 

computed and contrasted and Single Cell Box Girder 

(SCBG), Double Cell Box Girder (DCBG) and Triple Cell 

Box Girder (TCBG) connect cases for different parameters 

viz., sweep of ebb and flow, traverse length, and traverse 

length to the span of shape proportion. 

VI. CONCLUSIONS 

The execution evaluation of chose planned dock 

demonstrated that,  

 Force Based Design Method may not by and large 

guarantee the execution parameter required and in the 

present case the wharf simply refined the goal required.  

 In example of Direct Displacement Based Design 

Method, picked wharf achieved the lead factors more 

than centered Values.  

 These conclusions can be seen as only for the picked 

dock. For General conclusions sweeping amounts of 

relevant examinations are required and it is managed as 

a degree of future work.  

The parametric examination on direct of box prop 

traverses showed that,  

 As the scope of curve grows, responses parameter 

longitudinal stresses at the best and base, shear, torsion, 

moment and evasion are reduces for three sorts of box 



A Review on Major Elements of an Elevated Metro Bridge 

 (IJSRD/Vol. 6/Issue 06/2018/108) 

 

 All rights reserved by www.ijsrd.com 463 

bolster expansions and it shows next to no assortment for 

important repeat of three sorts of box prop associates as 

a result of the reliable navigate length.  

 As the navigate length manufactures, responses 

parameter longitudinal stresses at the best and base, 

shear, torsion, moment and shirking are augmentations 

for three sorts of box prop platforms and key repeat 

reduces for three sorts of box bolster ranges.  

 As the navigate length to the scope of curve extent 

extends responses parameter longitudinal stresses at the 

best and base, shear, torsion, moment and redirection are 

additions for three sorts of box prop ranges and as cross 

length to the compass of shape extent constructs chief 

repeat lessens for three sorts of box bolster ranges.  

VII. FUTURE SCOPE 

The present investigation is restricted to those functional 

cases that run over in a hoisted metro venture.  

As to the geometry of the dock considered, the present 

examination is constrained to  

 Rectangular wharf cross segment  

 Single wharf basic framework  

 Reinforced solid wharf  

Parametric Study on Box Girder is constrained to,  

 Linear static and dynamic investigation and nonlinear 

examination isn't considered  

 Rectangular box area with spines.  

 Reinforced solid box support segment and not 

appropriate to pre-focus on spans.  

 Single Cell and Multi Cell Box Girder and not relevant 

to Multi Spine box support. 

 Zero rate angle of the superstructure and super height 

isn't considered in the demonstrating. 
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