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Abstract— Existing bridges must also be strengthened due to
their age or changes in loading standards. The design of
railway bridges must be completed quickly and accurately in
order for railway projects to be completed on time. The
analysis and design of a railway bridge's PSC Girder, Deck
slab, Pier, Abutment, return wall, and Foundation is an
iterative process that is dependent on the loading standard and
site conditions. In general, the calculations required for
analysis and design are time-consuming and tedious. The goal
of this project is to create Excel Program that will assist the
designer in arriving at a rational, cost-effective, and sound
solution. For linear static analysis of bridge components, the
Excel based software was created in Visual Basic. The
current project entails the creation of software for the analysis
and design of railway bridge foundations, including PSC
girders, ballasted deck slabs, piers, abutments, return walls,
and pile foundations.

Keywords: PSC Girder, Deck Slab, Pier, Abutment, Return
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I. INTRODUCTION
As per cl. 2.3.1 of IRS Bridge rules — 2004, the railway
bridges on broad gauge shall be designed for one of the
following standards of railway loading:
1) MBG loading — 1987
2) HM loading — 1995
3) 25-ton loading — 2008
4) DFC loading — 2008.

The scope of present work includes the development
of software for analysis and design of PSC girder, ballasted
deck slab, Pier, Abutment, return wall and pile foundation of
railway bridges Based on superstructure, the railway bridges
are further classified into following class.

1)

3)

Steel truss bridge

Steel plate girder bridge
PSC girder bridge

RCC / PSC slab bridge
RCC box bridge

Arch bridge

Superstructure is the part of bridge to support the
railway line and it transfers the load from railway track to
substructure through bearings. The superstructure consists
following components.

1) Deck Slab
2) Girder
3) Diaphragm

Substructure is the part of bridge to support the
superstructure and it transfers the load from bearings to
foundation. The substructure consists following components.
1) Bearings
2) Pier cap and Pier
3) Abutment

4) Return wall
Foundation is the part of bridge. It transfers the load

from substructure to soil.
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Fig. 1: Component of bridge

Il. OBJECTIVES OF THE WORK

— To obtain the design of Railway Bridge components in
accordance with IRC code provisions.

— To eliminate the need for various codes to be referenced
during the analysis and design process, because all codal
provisions are available in the data base.

— To achieve the most cost-effective and safe design by
testing various sections of various bridge components
such as girders, piers, and abutments, and interpreting the
results.

— To obtain a final design report in accordance with the
designer's specifications.

Visual Basic has become one of the most popular
event-driven programming languages in recent years. A
language that responds to events such as clicking a button,
selecting an item from a list, tabbing out of a control, and so
on is known as an event driven language. Various software
based on the Visual Basic language is successfully used in the
banking and financial sectors. The Visual Basic language has
a lot of potential for developing software in the field of civil
engineering structure analysis and design.

I1l. METHODOLOGY

The Excel program Sheet for analysis and design of bridge

components is developed in two parts to make it more

versatile.

— In Part — | the software is developed for analysis and
design of PSC girder and RCC deck slab. In

— Part— Il the software is developed for analysis and design
of RCC pier, PCC abutment, PCC return wall and pile
foundation.
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IV. RESULTS
Analysis And Design Of RCC Deck Slab And Diaphragm
I,tfg_] Description Value Unit Reference
1.0 GENERAL: The super structure consists of the precast PSC
' (post tensioned) girder and cast in situ deck slab.
The various assumptions made in the design and specification
used are as below
cl. 5 of IRS Concrete
A CONCRETE Bridge code - 2004
Exposure condition - moderate
Grade of concrete used for PSC girder and RCC deck slab =
M- 40
cl.5.1 & Table 2 of IRS
Characteristics compressive strength (fcx ) 40.0 | N/mm? Concrete Bridge code -
2004
Unit weight of concrete 25.0 | KN/m®
. 5 cl. 5.2.2.1 of IRS Con.
Modulus of elasticity of concrete 31.0 | KN/mm Bridge code - 2004
C. HYSD steel IS 1786 - 1985
Fe 415 Grade HYSD bars to be used for RCC works
Characteristics strength/Yield strength (fy) 415.0 | N/mm?
Modulus of elasticity of Steel 200.0 | KN/mm?
D. Loading standard - MBG Loading - 1987
Table 1: Analysis and Design of RCC Deck Slab and Diaphragm
I&?g] Description Value | Unit Reference
1.1 DESIGN DATA
Clear span (L) 12.200 m
C/C of bearing (L1) 12.850 m
Overall length of girder (L>) 13.360 m
Overall length of slab (L3) 14.160 m
C/C distance of expansion joint of pier 14.200 m
Distance of widening point from bearing 2.055 m
C/C of girder 2.300 m
Formation level 291541 | m (As per approved L.S.)
Thickness of deck slab 0220 | m cl4.6.2.1 of IRSZ(():O?' Bridge code -
Depth of girder 1.450 m
Depth of flange 0.150 m
Depth of slope portion of flange 0.050 m
Width of flange 0.750 m
Thickness of web of girder 0.300 m
Uniform depth of web below flange 0.925 m
Slope depth of bottom bulb of girder 0.150 m
Uniform depth of bottom bulb of girder 0.175 m
Width of bottom bulb of girder 0.500 m
No of girder per bridge 2 Nos
Out to out distance of flange of all girder 3.050 m
Hence overall length of diaphragm 3.050 m
Depth of diaphragm 1.275 m
Thickness of intermediate diaphragm 0.300 m
Thickness of end diaphragm 0.510 m
Overall width of deck slab 4.800 m
Effective width of flange of T - beam 2.400 m cl.15.4.1.2 of Istogzn Bridge code -
. cl.11.3 & Table 12 of IRS Concrete
Partial load factor (YY) Bridge code -2004
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Partial safety factor for steel (Ynm) 1.15 cl.12.4.3 of IRSZOCSE' Bridge code -
Partial safety factor for concrete (Ym) (Ultimate 150 cl.12.4.3 of IRS Con. Bridge code -
Limit State) ' 2004
Partial safety factor for concrete (Ym) (Serviceability 1.5 cl.12.4.2 of IRS Con. Bridge code -
Limit State) ' 2004
Table 2: design data for Slab
ANALYSIS AND DESIGN OF PSC GIRDER
Ilif(;n Description Value Unit Reference
1.0 GENERAL : The super structure consists of the precast PSC
' (post tensioned) girder and cast in situ deck slab.
The various assumptions made in the design and specification
used are as below
cl. 5 of IRS Concrete
A CONCRETE Bridge code - 2004
Exposure condition - moderate
Grade of concrete used for PSC girder and RCC deck slab =
M- 40
cl.5.1 & Table 2 of IRS
Characteristics compressive strength (fex ) 40.0 N/mm? Concrete Bridge code -
2004
Concrete strength at transfer (fc;) 32.0 N/mm?
Unit weight of concrete 25.0 KN/m?3
- 5 cl. 5.2.2.1 of IRS Con.
Modulus of elasticity of concrete 31.0 KN/mm Bridge code - 2004
B. High tensile steel 1S 6006 - 1983
Each cable consists of 12 strands of 12.7 mm nominal dia
(Class - 1)
Nominal C/S area of strand 92.90 mm?
Nominal C/S area of cable 1114.8 mm?
Nominal mass per unit length of strand 0.730 kg/ m
Nominal mass per unit length of cable 8.760 kg/ m
Minimum breaking load of strand 164.580 KN
Minimum breaking load of cable 1975.0 KN
Breaking stress of cable 1771.6 | N/mm?
- cl.4.6.2.1 of IRS Con.
Modulus of elasticity (Es) 195.0 | KN/mm? Bridge code -2004
C. HYSD steel IS 1786 - 1985
Fe 415 Grade HYSD bars to be used for RCC works
Characteristics strength/Yield strength (fy) 415.0 N/mm?
D. Loading standard - MBG Loading - 1987
Table 3: Analysis and Design of PSC Girder
I'Se? Description Value Unit Reference
11 DESIGN DATA
Clear span (L) 12.200 m
CIC of bearing (L1) 12.850 m
Overall length of girder (L2) 13.360 m
Overall length of slab (Ls) 14.160 m
C/C distance of expansion joint of pier 14.200 m
Distance of widening point from bearing (L) 1.800 m
C/C of girder 2.300 m
Formation level 291.541 m (As per approved L.S.)
Thickness of deck slab 0.220 m cl.16.9.6.1 of “_st'ogzn' Bridge code
Depth of girder 1.450 m
Depth of flange 0.150 m
Depth of slope portion of flange 0.050 m
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Width of flange 0.750 m
Thickness of web of girder 0.300 m cl.16.9.6.2 of |F_zzsog§n. Bridge code
Uniform depth of web below flange 0.925 m
Slope depth of bottom bulb of girder 0.150 m
Uniform depth of bottom bulb of girder 0.175 m
Width of bottom bulb of girder 0.500 m
No of girder per bridge 2 Nos
Out to out distance of flange of all girder 3.050 m
Hence overall length of diaphragm 3.050 m
Depth of diaphragm 1.275 m
Thickness of intermediate diaphragm 0.300 m
Thickness of end diaphragm (TED) 0.510 m
Overall width of deck slab 4.800 m
Effective width of flange of T - beam 2.400 m cl.15.4.1.2 of I_RZ%&O” Bridge code
. cl.11.3 & Table 12 of IRS Concrete
Partial load factor (Ys.) Bridge code -2004
Partial safety factor for steel (Ym) 1.15 cl.12.4.3 of IRSZOCSE' Bridge code -
Partial safety factor for concrete (Ym) (Ultimate 150 cl.12.4.3 of IRS Con. Bridge code -
Limit State) ' 2004
Partial safety factor for concrete (Ym) (Serviceability 195 cl.12.4.2 of IRS Con. Bridge code -
Limit State) ' 2004
Coefficient of friction(y) 0.250 | per Rad | ©16:8:340TIRS Con Bridge code
Coefficient of wohble effect(k) 0.0030 | perm cl.16.8.3.3.6f Ii%&on Bridge code
Table No.4 Design Data for PSC Girder
ANALYSIS AND DESIGN OF RCC PIER AND PILE FOUNDATION
I'ileén Description Value Unit Reference
Loading standard - MBG Loading - 1987
A. CONCRETE cl. 5 of IRS Concrete Bridge code - 2004
Exposure condition - Severe
Grade of concrete for RCC works -M 35 (fe) | 35.0 N/mm? cl.5.1 & Table 2 of IRS Concrete Bridge
code -2004
Unit weight of concrete 25.0 KN/m3
Modulus of elasticity of concrete 29.0 | KN/mm? | cl.5.2.2.1 of IRS Con. Bridge code - 2004
Modular ratio for tensile reinforcement (m = 8.0 ¢l. 5.2.6 of IRS Con. Bridge code - 2004
280/fck)
B. HYSD steel IS 1786 - 1985
Fe 415 Grade HYSD bars to be used for
RCC works
Characteristics strength/Yield strength (f,) | 415.0 | N/mm?
Table 5: Analysis and design of rcc pier and pile foundation
Item No. Description Value Unit Reference
11 DESIGN DATA
Reaction at each bearing due DL of superstructure | 219.110 | kN
Reaction at each bearing due SIDL of superstructure | 211.410 | KN
Width of bed block at top 3.100 m
Length of bed block at top 6.200 m
Thickness of bed block at edge 0.500 m
Thickness of bed block at face of support 1.000 m
Distance between top of bed block & HFL 1.200 m
Distance between top of bed block & LWL 3.200 m
Width of pier at top 1.200 m
Length of pier at top (excluding cutwaters) 3.660 m
Slope of vertical edge of pier 0.000
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Height of pier 5.000 m
Depth of foundation below bottom of pier 2.000 m
Length of foundation / Pile Cap 8.000 m
Width of foundation / Pile Cap 5.000 m
Length of bearing 0.450 m
Width of bearing 0.300 m
Thickness of bearing 0.052 m
Distance of C.L. of bearing from pier (ay) 0.075 m
Height of pedestal 0.173 m
C.G. of superstructure from top of bed block 1.3285 m
C.G. of moving load from top of bed block 4.957 m
Safe bearing capacity of soil / rock 440 KN/m?
Pressure for 25 mm settlement 500 KN/m?
Dia of pile 1.200 m
No. of piles 6.000
Spacing of piles in current direction 3.000 m
Spacing of piles in traffic direction 3.000 m
Angle of shear resistance of soil () 35
Cohesion (¢ )
Bearing capacity factor (N¢)
Bearing capacity factor (Ng) 30.000 App. -B IS 2911
Bearing capacity factor (N,) 42.900 Table - 1 of IS 6403
Bulk unit weight of soil (y) 18.100 | KN/m?
Saturated unit weight of soil (ysar) 20.400 | kN/m®
Submerged unit weight of soil (ysub) 10.600 | KN/m?

Table 6: Design Data for foundation

ANALYSIS AND DESIGN OF PCC ABUTMENT AND PILE FOUNDATION

I'Legw Description Value Unit Reference
Loading standard - MBG Loading - 1987
A. CONCRETE cl. 5 of IRS Concrete Bridge code - 2004
Exposure condition - Severe
Grade of concrete for RCC works -M 35 (f) 35.0 N/mm?
Grade of concrete for PCC Pier M-25 () 25.0 N/mm? cl.5.1 & Table 2 of IRS Concrete Bridge
code -2004
Unit weight of reinforced concrete 25.0 KN/m3
Unit weight of plain concrete 24.0 KN/m3
Modulus of elasticity of concrete 29.5 KN/me cl. 5.2.2.1 of IRS Con. Bridge code - 2004
B. HYSD steel 1S 1786 - 1985
Fe 415 Grade HYSD bars to be used for RCC
works
Characteristics strength/Yield strength (fy) 415.0 | N/mm?

Table 7: Analysis and Design of PCC Abutment and Pile Foundation

Item No. Description Value Unit
1.1 DESIGN DATA
Reaction at each bearing due DL of superstructure | 219.110 kN
Reaction at each bearing due SIDL of superstructure | 211.410 kN
Width of bed block at top 1.900 m
Length of bed block at top 6.850 m
Thickness of bed block 0.450 m
Width of Abutment at top 1.900 m
Length of abutment 6.850 m
Front slope of abutment 0.100
Height of vertical back edge of abutment 2.550 m
Height of sloped back edge of abutment 3.000 m
Back slope of abutment 0.200 m
Top width of ballast wall 0.300 m
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Bottom width of ballast wall 0.900 m
Height of ballast wall 2.275 m
Depth of ballast cushion 0.300 m
C.L. of bearing from bed block edge 0.325 m
Height of pedestal 0.173 m
Bulk unit weight of soil (y) 17.200 | kN/m?
Saturated unit weight of soil (ysa) 20.400 | kN/m®
Submerged unit weight of soil (ysub) 10.600 | kN/m®
Angle (¢) 0.611 | Radian
Angle (i) 0.000 | Radian
Angle (3) 0.204 | Radian

Table 8: Design data for Abutment

V. CONCLUSIONS

The accuracy of Excel Program is a top priority in any project.
The analysis and design of a 2 X 12.2 m span PSC girder
railway bridge is done by hand calculations to validate the
Excel sheets’ results.

The analysis and design results for various components of this
bridge are also obtained by the Excel program.

The results of Excel Program are in conformity with results
obtained by hand calculations. So, it can be concluded that
the accuracy of Excel Program is beyond doubt.

It is possible to design another bridge with different span,
loading standard and - design data, without rigorous hand
calculations, with the help of excel program.

The detailed design report can beobtained Excel Program and
can be used without further formatting. It means the excel
program is useful in saving time and effort during accurate
analysis and design of railway bridges.
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