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Abstract— This paper presents the proposal of constructing a 

new prestressed railway bridge from Dockyard railway 

station to CST railway station. The proposed bridge will help 

divert two platforms of harbour line to a new location in 

CSTM station area and the existing two harbour platforms 

will be used to facilitate the construction of 5th and 6th line 

of central railway. The commuters of the central line have a 

really hard time while commuting as most of the trains are 

overcrowded. Hence, the government has proposed an 

expansion of two extra lines for central line passengers. 

However, this could not be implemented due to space 

problems for the route. If the existing harbour lines are shifted 

to a new location, it could open up new alternatives for future 

expansion for both the lines. The proposed bridge will be a 

prestressed continuous bridge with pile foundation. The 

bridge will have a total span of around 3000m. Prestressed 

bridges require only one line of bearing, reducing the width 

of pier which helps in reduction of flow obstruction. They 

require less expansion joints hence reducing the cost of the 

bridge. This paper also includes study of various research 

papers about the structural behavior of prestressed railway 

bridges to loads, exposure, materials, etc. The analysis and 

modeling of the bridge will be done by STAAD Pro. 

Key words: Continuous Bridge, Prestressed Deck, Blast-Less 

Track 

I. INTRODUCTION 

Railroad routes are well established and the construction of 

new railroad routes is not common; thus, the majority of 

railroad bridges built or rehabilitated are on existing routes 

and on existing right-of-way. Simply stated, the railroad 

industry first extends the life of existing bridges as long as 

economically justified. It is not uncommon for a railroad to 

evaluate an 80- or 90-year-old bridge, estimate its remaining 

life, and then rehabilitate it sufficiently to extend its life for 

some economical period of time. Bridge replacement 

generally is determined as a result of a lack of load carrying 

capacity, restrictive clearance, or deteriorated physical 

condition. If bridge replacement is necessary, then simplicity, 

cost, future maintenance, and ease of construction without 

significant rail traffic disruptions typically governs the 

design. Types of bridges chosen are most often based on the 

capability of a railroad to do its own construction work. Low 

maintenance structures, such as ballasted deck prestressed 

concrete box girder spans with concrete caps and piles, are 

preferred by some railroads. Others may prefer weathering 

steel elements. 

 When planning the replacement of smaller bridges, 

railroads first determine if the bridge can be eliminated using 

culverts. A hydro-graphic review of the site will determine if 

the bridge opening needs to be either increased or can be 

decreased. 

 The manual provides complete details for common 

timber structures and for concrete box girder spans. Many of 

the larger railroads develop common standards, which 

provide complete detailed plans for the construction of 

bridges. These plans include piling, pile bents, abutments, 

and wing walls, spans (timber, concrete, and steel), and other 

elements in sufficient detail for construction by in-house 

forces or by contract. Only site-specific details such as 

permits, survey data, and soil conditions are needed to 

augment these plans. 

 Timber trestles are most often replaced by other 

materials rather than in-kind. However, it is often necessary 

to renew portions of timber structures to extend the life of a 

bridge for budgetary reasons. 

A. Prestressed Concrete Bridges 

An elevated urban railway system usually contains general 

railway bridges, elevated railway stations, and turnout zone 

bridges at both ends of the elevated railway station. As 

previously mentioned, when configuring continuous 

prestressed concrete bridges, we must consider crossing roads 

and adopting continuous bridge in the turnout zone. This 

often leads to bridge span configuration issues and problems 

related to the bridge length being too long. These situations 

necessitate the use of very large-sized bridge piers in the 

railway bridge design, and create the risk of structural 

damage. 

B. Continuous Prestressed Concrete Bridge Design in 

Ballast-less Track Turnout Zone 

 
Fig. 1.2: Turnout Group Installed Continuously 

The bridge configuration satisfies both the requirements of 

having street-level road crossings and of adopting an 

absolutely continuous bridge in the turnout zone conditions. 

 The plan of Figure shows the turnout group installed 

continuously, the space is too close to appropriately set bridge 

expansion joints. In addition, the profile diagram shows that 

the bridge must step over the intersection road and configure 

a large-span bridge by demand. The above factors make this 
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section of prestressed concrete continuous bridge longer than 

300m, and it has an irregular configuration of bridge 

structures. 

II. LITERATURE REVIEW 

Haibo Jiang el at (1947): This paper focuses on the effects of 

shear span-depth ratios, joint types (monolithic, dry, and 

epoxy), joint number, and joint location on the shear behavior 

of PCSBs with external tendons. A total of 14 specimens with 

external tendons were fabricated and tested, which included 

three monolithic specimens, six segmental specimens with 

dry joints, and five segmental specimens with epoxy joints. 

The crack propagation, failure mode, deflection, and stresses 

of prestressing strands were recorded. It was found that joint 

location plays an important role in the shear strength of 

PCSBs with dry joints when compared with monolithic 

specimens. The failure processes and failure modes of PCSBs 

were independent of joint types. The experimental results also 

revealed that the joint number had an effect on the deflection 

and stress of external tendons. Specifically, the shear 

behavior of PCSBs with dry joint shad no evident difference 

from that with epoxy joints. 

 The strain data of stirrups within the shear span zone 

were collected. The result showed that, for all specimens, the 

stress of stirrups was very small before the diagonal cracks 

occurred. When the diagonal cracks appeared, the stress of 

stirrups intersecting with those diagonal cracks increased 

suddenly up to the yield stress together with the widening of 

the critical diagonal cracks. According to the strain of stirrups 

that intersected with the critical diagonal cracks, stirrups 

contributed approximately 16–79% to the specimen shear 

strength in this test. It may be deduced that the diagonal 

compression failure would occur in segmental beams with 

external tendons and shear span-depth ratios less than 1.5. 

 Shear cracks initiated on the root of keys for 

segmental beams, whereas they occurred first from the web 

or bottom flange for monolithic specimens. The boundary 

(shear span-depth ratio) between diagonal compression 

failure and shear compression failure was less than 1.5 in the 

segmental beams with external tendons. The joint type, joint 

number, and joint location had little influence on failure 

modes. Shear span-depth ratios were shown to be directly 

proportional to deflection. The maximum deflection of 

segmental specimens was larger than that of monolithic 

specimens. In three-segmental beams, the larger the shear 

span-depth ratios were, the larger the stress increment of 

external prestressing tendons was. The stress increment of 

external prestressing tendons of specimens with dry joints 

was larger than that of corresponding specimens with epoxy 

joints and monolithic specimens. The shear span-depth ratio 

was shown to be inversely proportional to shear strength for 

all specimens. [1] 

 K. H. Chu el at (1986): In this paper dynamic impact 

loads on prestressed railway bridges are studied. 

 Dynamic loads in railway bridges are caused by 

vibrations as locomotives and freight cars pass over the 

bridge. The ratio of the dynamic to maximum static response 

is called the magnification factor. The peak value of the 

magnification factor minus one is referred to as the impact. 

 Ballasted prestressed concrete railway bridges, 

consisting of several box girders, which were assumed to 

share equal loads, were studied. Girders with spans of 25, 50, 

75 and 100 ft (1 ft = 0.305 m), respectively, were designed 

according to the AREA Specifications. The girder cross 

sections were chosen so that their frequency parameters 

corresponded to the data collected by Venuti. Two percent of 

the critical damping was assumed for the bridge. The track 

irregularities on the approaches and bridge were generated 

from the power spectral density function for FRA Class 4 

track. Bridge was evaluated by using a finite element 

procedure. 

 
Fig. 2.1: Comparison of Impact Results from Present Study 

and those from Previous Study 

 This study was limited in scope, since it did not 

include any locomotives or passenger cars. Various 

arrangements of axles, trucks with variable centre-to-centre 

spacing, and different types of suspension systems have not 

been studied. The nonlinearities associated with track support 

and elastomeric pad stiffness was also not included. 

 The conclusions derived in this study are, therefore, 

subjected to these limitations. However, the method 

developed in this study should be helpful in calculating 

impact percentages in prestressed concrete railway 

bridges.[2] 

 John F. Muller el at (1992): The paper presents the 

findings of field studies into imp active loading generated by 

trains on a prestressed-concrete-girder bridge. Bridge traffic 

is almost exclusively heavy-haul coal trains. Various defects 

were cut into one rail to model real defects such as wheel 

flats, wheel burns on rails, and broken or misaligned rails, 

Impacts from trains were measured via two independent 

strain-gage systems, with readings taken at the girder soffits. 

The heavy-haul coal traffic provided regular passages of long 

trains with axle loads known from mine weighing. The paper 

includes data on loading and number of wagons or 

locomotives involved in each sample for which impact data 

are presented. The strain readings quantify the variation of 

impact with degree of rail defect and also show that impacts 

may often exceed code values. The paper discusses the 

implications for bridge design. Strain gauges were installed 

at the mid span and mid diaphragm locations on the soffits of 

seven girders. To model types of rail and wheel defects 

encountered in service, artificial rail defects of varying size 

were cut into the head of the rail over the strain gauge 

locations. Fig. 4 shows an artificial defect prior to the passage 

of a train. Five loading conditions were considered for each 

span using whatever loaded coal train that happened to be 

crossing the bridge. 
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1) Near static with track in good condition and no rail 

defects (i.e., about 10 km/hr speed). 

2) Normal running speed with track in good condition and 

no rail defects (i.e., 40-70 km/hr). 

3) Normal running speed with one rail defect of depth 3 mm 

cut into the head of one rail at midspan. 

4) Normal running speed with one rail defect of depth 6 mm 

cut into the head of one rail at midspan. 

5) Normal running speed with two 6 mm deep rail defects 

on one rail spaced at the axle spacing for coal-wagon 

bogies, one defect being at midspan or mid diaphragm 

location. 

 Traces were studied and impacts determined by 

comparison of peak strains with the estimated maximum 

unimpacted peak strain. Stresses can be inferred from field 

strain measurements via a dynamic modulus of concrete. The 

influence of speed on impact with relatively smooth track is 

minor. Impact generally increases as wheel or rail defects 

become more severe. Impactive strain increases around three 

times the current design allowances have been measured. Rail 

and wheel defects can lead to high-frequency stress cycling 

over high-stress ranges. The implications of this for partially 

prestressed design against fatigue failure are critical. [3] 

 Mohamed A. El Gawady el at (2011): This paper 

presents the cyclic behavior of four self-centering bridge 

bents with different construction details, including external 

energy dissipaters and neoprene isolation. Correctly designed 

and detailed reinforced concrete bridges, under the prevailing 

capacity design concepts, are anticipated to suffer extensive 

damage and permanent deformations during and after a 

strong earthquake. 

 The main objective of the research described in this 

manuscript is to assess the static cyclic performance of four 

PPT-CFFT bents with different construction details. Each 

column in these bents was constructed by stacking CFFT 

segments on top of each other and connecting the segments 

by using post tensioning tendons. The cross beams of these 

bents were constructed from conventional reinforced 

concrete. 

 Eight string potentiometers were used to measure 

the vertical displacements at four different sections of each 

column. Circumferential strains on the FRP tubes were also 

measured by using six strain gauges for each column. Two 

strain gauges were also used to monitor the axial strains in 

each Dywidag rebar. The lateral displacements at the column 

top and the applied lateral force were measured by using 

string potentiometer sand load cell, respectively. 

 PPT-CFFT frames can be used in bridge 

construction as a lateral load resistance system. The PPT-

CFFT frames without EED went to a lateral drift of 

approximately 9.2% without experiencing significant 

damage. 

 All the PPT-CFFT specimens had residual 

displacement significantly lower than those of the 

corresponding reinforced concrete frame. At the test end, the 

measured residual frame displacements for the PPT-CFFT 

specimens were approximately 8% of the measured residual 

drift of the corresponding RC frame. The PPT-CFFT 

specimens, without neoprene isolation, were able to reach a 

nominal strength comparable to those of the conventional 

reinforced concrete frames. Moreover, the ultimate strength 

of the PPT-CFFT specimens was higher. Placing neoprene in 

the joints significantly reduced the initial stiffness and 

potentially leads to smaller seismic force demands. Within 

the limited test specimens presented in this paper, the multi 

segment and single-segment bents behaved very similarly in 

terms of strength, lateral drift capacity, stiffness, and residual 

drifts. [4] 

 Zhibin Jin et al. (2015): In this paper the lateral 

vibration of railway bridges induced by moving trains has 

traditionally been solved through numerical integration. 

Although it provides practical prediction, the numerical 

approach does not explicitly reveal the underlying driving 

mechanism of the train– bridge interaction. In this paper, a 

closed-form solution is derived for the lateral vibration of a 

simply supported bridge subjected to hunting forces from 

running wheel sets. Through complex Fourier expansion, this 

solution leads to the formulation of three influential factors 

with explicit physical meanings, namely, the effective unit 

moving load on the bridge, the arrangement of all moving 

wheel sets, and the frequency response function of the bridge. 

On the basis of these factors, a simplified formula to estimate 

the maximum vibration of the bridge is proposed. The closed-

form solution and the simplified formula are validated 

through comparison with results from numerical integration. 

The resonance conditions of the bridge due to moving hunting 

forces are derived using the simplified estimation. 

 Lateral vibration of railway bridges caused by 

passing trains is becoming a major concern in modern high-

speed railway-bridge design owing to the potential impact on 

safe train operation. The approach for analyzing train–bridge 

coupled vibration is predominantly nonlinear time–history 

integration, which is highly computationally intensive and 

system specific. Historically, the vertical response of a bridge 

structure under moving loads was solved analytically, 

assuming no mass participation of vehicles in bridge 

vibration, i.e., treating the influence of vehicles as moving 

loads. This study seeks to develop an analytical model for 

bridge lateral response under lateral vehicle hunting loads and 

to evaluate its accuracy and potential application to 

engineering applications. 

 In this paper, the hunting loads from all wheel sets 

of a train were modeled as a series of harmonic forces. The 

moving forces were then expanded as a complex Fourier 

series, and a closed-form solution to the bridge responses was 

derived. Inspired by the DER method for constant loads, a 

simple estimation of the lateral vibration of a bridge driven 

by moving hunting forces was given and then validated 

through comparison with time–history simulations. 

 The running speeds of the train that may induce the 

resonance of the bridge were identified directly from the 

simplified formula. The resonance speed is the product of the 

bridge natural frequency multiplied by a characteristic length. 

The characteristic length is chosen among values of vehicle 

length divided by positive integers. Among these values, the 

characteristic length is the one closest to the hunting 

wavelength. The resonance condition and the simplified 

formula lead to a simple procedure to check the lateral 

performance of railway bridges subjected to passing vehicles. 

 Although the moving-load method was regarded as 

being less accurate than the interaction method, it still attracts 

a great deal of attention for three reasons: (1) the closed-form 
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solution provides deeper insight into the driving mechanism 

of bridge vibrations subjected to hunting forces; (2) 

conditions for resonance as well as parameters that 

significantly affect bridge vibration can be identified 

explicitly; (3) the concise formula is more suitable for 

engineering application than the interaction method, which 

requires special computer codes.[5] 

 Wen-Kuei Hsu el at (2017): In this paper the use of 

ballastless tracks on prestressed concrete bridges have been 

discussed. Laying ballastless track on railway bridges has the 

advantages of reducing the train noise problem, improving 

passenger comfort, and reducing track maintenance costs. 

Therefore, railway bridges with ballast less track have 

gradually turned into a major trend in railway systems all over 

the world. In Taiwan, railway bridges with ballastless track 

have been in use for many years, with ballastless track 

turnouts also starting to be constructed in recent years. Where 

railway bridges with ballastless track turnouts are located in 

urban areas, special consideration must be given to the road 

crossings and the use of continuous bridges in the turnout 

zones. Accordingly, there arise a number of difficulties 

related to the bridge configurations or the continuous length 

of bridges being excessively long. Often, such situations 

necessitate the use of extremely large-sized bridge piers in the 

bridge design, or create the risk of serious damage to the pier 

structure should insufficient attention be given to any of the 

factors. This article has taken a continuous prestressed 

concrete bridge as an example. The prestressed concrete 

bridge must be absolutely continuous, be able to include 

ballast less track turnout zones, and meet the needs of 

crossing roads. For this example, the length of the continuous 

prestressed concrete bridge is over 300 m. This article has 

also discussed the configuration of a continuous prestressed 

concrete bridge of railway, and—through the analysis of 

track–bridge interaction and temperature detection provides 

suggestions on the optimal configuration model of the 

continuous prestressed concrete bridges, which should allow 

improper configuration and possible structural damage to be 

avoided. 

 
Fig. 2.2: Urban elevated railway project in Taiwan 

 To reduce train noise, improve passenger comfort, 

and reduce track maintenance costs, laying ballast less track 

railway bridges and ballast-less track turnout has become 

popular in Taiwan in recent years. 

 Setting the bridge expansion joints in turnout zones 

is strictly prohibited in the design of railway bridges, which 

inevitably necessitates the configuration of multi-span 

continuous bridges. Multi-span prestressed concrete bridge 

design applies to railway via ducts. Problems such as bridge 

length being too long and bridge prestressed loss being too 

large are often encountered, and piers suffer tremendous force 

from temperature changes. 

 This article proposes several design considerations 

to ensure that the arrangement of bridge expansion joints 

meets the turnout installment requirements, and suggests 

design guidelines for multi-span continuous bridge structure, 

including: (1)hinged plate design for continuous prestressed 

concrete bridges, (2)supporting configuration of continuous 

prestressed concrete bridges in the turnout zone, (3)design of 

continuous prestressed concrete bridge piers. To avoid 

designing improper bridges and producing structural damage, 

this article provides its design philosophy and considerations 

for the relevant construction projects. [6] 

 Easa Khan: et al (2018): In this paper A recently 

constructed and commissioned in-service light rail transit 

bridge in Denver, Colorado was examined analytically and 

via field testing to study its live load performance. The bridge 

is a four-span horizontally curved structure, composed of 

chorded prestressed concrete bulb tee girders. The bridge was 

designed following the American Railway Engineering and 

Maintenance-of-Way Association (AREMA) guidelines from 

the Manual of Railway Engineering, which do not explicitly 

address transit rail structures. Insitu load testing and 

calibrated finite element analyses were conducted to study the 

live load performance and determine the effects of speed and 

centrifugal forces on dynamic amplification and live load 

distribution. Field-testing and model results indicated 

variations in live load distribution and amplification as train 

speed increased. In addition, live load distribution and 

amplification values differed from results determined using 

equations from AREMA and the AASHTO guidelines, 

documents that are commonly used to assist analysis and 

design due to a lack of available provisions tailored to transit 

rail bridges. 

 This study investigated live load performance of a 

selected bridge under transit loads to examine dynamic 

effects and girder live load distribution at varying vehicle 

speeds. Testing of the selected horizontally curved, 

prestressed concrete bridge was performed using loads 

applied from electric multiple-unit (EMU) transit rail cars 

with strains and accelerations measured at critical sections on 

supporting bridge girders. Data collected from the load tests 

were used to calibrate a finite element model further 

examining the effects of speed on dynamic amplification 

(DA) and live load distribution. 

 Static and dynamic load tests were performed in July 

2016, prior to the opening of a new transit rail line for revenue 

service. The goal of the static tests was to determine GDFs 

while dynamic tests at varying speeds were performed to 

determine effects of speed on DA. Test responses were then 

replicated in finite element models and results compared with 

field data to validate and, if necessary, improve a finite 

element model. The validated model was then used to expand 

the study to examine DA at speeds greater than those 

permitted during the field tests. 

 A three-dimensional model was developed in CSI 

Bridge (CSI Bridge 2016) to analytically determine the GDFs 
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and the live load amplification at different speeds. The bridge 

was modelled using: (1) shell elements for the deck and 

diaphragms; (2) frame elements for the girder, pier caps, and 

columns; (3) link elements to represent the abutments and 

bearings; and (4) frame elements added during model 

calibration to model track plinths and barriers. 

 For straight bridges, the effects of speed on the 

amplification of live loads are generally considered using the 

vertical component of the load, whereas, for curved bridges, 

the effect of speed on amplification should consider both 

vertical and centrifugal load components. 

 This study was completed to investigate the effects 

of speed on transit bridge live load distribution and DA using 

field-testing and numerical modeling. A multigirder, 

prestressed concrete, horizontally curved, Transit Bridge 

located in Denver was selected for the study. The finite 

element model of the bridge was developed in CSI Bridge and 

was calibrated against girder field test data during the passage 

of EMU railcars at varying speeds and in different directions. 

The calibrated model was then used in conjunction with 

collected field data to study transit bridge live load 

distribution patterns and further investigate the effects of 

bridge geometry and speed on DA. 

The results indicated that: 

 The numerical model was capable of adequately 

capturing the structure response under moving loads 

after calibrating it to account for bearing rotational 

stiffnesses, contribution of non-structural elements such 

as plinths and barriers and time dependent gain in 

concrete strength. 

 Measured live load distributions were found to be fairly 

consistent between girders in the zone of influence of the 

loaded track, with fewer loads being shared by girders 

away from the loaded track. 

 Measured and modeled girder live load distributions 

were approximately half those predicted by the 

AASHTO lever rule for interior girders and closely 

matched lever rule values for exterior girders. 

 The field tests and calibrated numerical model indicated 

that response of the structure was not uniform with 

increases in EMU speed. This non-uniform response is 

likely due to centrifugal forces on the curved track, 

which increased load on the outside girders and 

decreased it on the inside girders as speed increased.[7] 

III. OBJECTIVE 

1) To propose a new layout and model of a bridge 

connecting Dockyard Road Railway station to CSTM 

Terminus. 

2) To decide the bridge configuration as type, shape and 

type of foundation to be proved. 

3) To divert two platforms of harbour line to a new location 

in CSTM station area and the existing two harbour 

platforms will be used the proposed expansion of central 

line rail tracks. 

4) To Analyze proposed bridge model for static and 

dynamic loading by using finite element software. 

IV. METHODOLOGY 

A. Properties of the Bridge 

1) The bridge will be a continuous segmental bridge. 

2) The superstructure/deck is going to be a precast 

prestressed member. 

3) Pile foundation will be provided for the footings. 

4) The piles used will be of bored type. 

5) Substructure of the bridge will be cast in-situ. 

B. Layout of Bridge 

 
Fig. 3: 

The bridge will diverge from the existing Dockyard Railway 

Station’s harbour line and pass directly over P D’Mello Road 

throughout its entire length. Towards the end, a new platform 

will be constructed in an area which is empty currently where 

the the trains will terminate after the bridge’s landing. 

 The bridge will have a total span of around 3000m. 

The width of the bridge will be as per the Indian Design Code 

requirements. Transition curves will be provided where 

required to help to make the turns comfortable, easy and safe. 

C. Proposed Work 

The layout has been made out by preliminary site survey and 

using GPS. The layout was prepared in AutoCAD by 

importing maps in it. 

 The design specifications of the bridge such as 

loads, dimensions, materials, permissible limits, etc will be as 

per Indian design codes for railway bridges (IRS). 

 Firstly the modeling of the bridge will be done on 

the software STAAD Pro which will give us all the forces, 

reactions, moments, deflection and other design 

considerations to check and help in the analysis of the bridge. 

 After the completion of the above mentioned things, 

we will design a span of the bridge by giving the 

specifications to the desired members. 

D. Obstacles in the Bridge Path 

In the path of the bridge selected there is a landing of a bridge 

of Eastern expressway. So we will have to provide 

comparatively a longer span to avoid problems on the road 

below. There is need for land acquisition and demolition 

(especially slums, etc.) all along the proposed route. 

V. CONCLUSIONS 

The primary investigations regarding lay-out, present 

condition of railway traffic and from the various research 

papers following conclusions are drawn: 

1) The construction of this bridge is necessary because, If 

the existing harbour lines are shifted to a new location, it 

could open up new alternatives for future expansion for 
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both central, harbour lines and also will enable the 

expansion of central line tracks which will help the 

commuters to travel with ease and comfort. 

2) The proposed bridge will be directly overhead an 

existing road so no additional land space will be required 

for the construction. The bridge will also be a part of the 

proposed elevated harbour line corridor from Kurla. 

3) The type of bridge selected is continuous because 

continuous bridges are more economical which reduces 

the cost almost to half when compared to other types of 

bridges in some cases. 

4) During the study of research papers various methods like 

manual and using FEM software are studied and it is 

observed that the analysis and design of the bridge by 

using software is lot more accurate and easy as compared 

to manual methods. 
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