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ABSTRACT

Majority of the truss bridges in India and abroad are either structurally deficient
and/or functionally obsolete. There is a desperate need to enhance the
performance of these existing bridges by an appropriate technique which should
be economical and with minimum disturbance to the traffic. The aim of the
present analytical work is to know the effect of Pre-stressing on the member
forces, deflections and total weight of steel of a statically determinate three types
of trusses such as Pratt type or Warren truss..Pre-stressing technique has been
adopted to upgrade the performance of the truss. The truss is pre-stressed with
high tensile steel cable and the profile of the cable is straight. The truss is
analysed for member forces and deflections using SAP 2000 Software. From the
obtained analytical results, it is seen that there is a noticeable improvement in
the performance of the structure. Member forces have been reduced
significantly in the entire truss members and there is a reduction in deflection at
the centre and material requirement after pre-stressing.

Keywords : Bridges, Truss, Pre-stressing, Cable, Member forces, Deflections and
SAP 2000.

[. INTRODUCTION

Bridge is a structure which permits the section of

Bridge has mainly two sections the superstructure and
the substructure. The superstructure has deck slab, I-
Girder and shear connectors though substructure has
stem and the

of the footer, cap. Composite

people on foot or vehicles worked over any hindrance
or water body. There are several bridge designs that
serve an appropriate purpose. Depending on the
behavior of bridge.

There are various types of bridges

1. Timber bridge

2. Concrete bridge

3. Steel bridge

4. Composite bridge

construction consists of two unique materials which
are strongly bound to form a solitary unit.

“Composite” implies that the concrete portion of the
deck is associated with the steel portion of the bridge
Shear

fundamentally fixed on steel beams and then they are

by shear connectors. connectors are
embodied in the concrete slab. Shear connectors can
be associated by welding, or utilizing nut and bolts.A

steel beam which is assembled composite by utilizing
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the shear connectors and concrete which is more

strong and stiff as compared to beam.

Steel Bridge

Steel bridges are widely used around the world in

different structural forms with different span length,

such as highway bridges, railway bridges, and
footbridges. The main advantages of structural steel
over other construction materials are its strength,
ductility, easy fabrication, and rapid construction. It
has a much higher strength in both tension and
compression than concrete, and relatively good
strength to cost ratio and stiffness to weight ratio.

Steel is a versatile and effective material that provides

efficient and sustainable solutions for bridge

construction, particularly for long span bridges or
bridges requiring enhanced seismic performance.

Amongst bridge materials steel has the highest and

most favorable strength qualities, and it is therefore

suitable for the most daring bridges with the longest
spans. Normal building steel has compressive and
tensile strengths of 370 N/sq mm, about ten times the

compressive strength of a medium concrete and a

hundred times its tensile strength. A special merit of

steel is its ductility due to which it deforms
considerably before it breaks, because it begins to
yield above a certain stress level.

Properties of steel bridges include:

e Compared to concrete bridges, the self-weight
is relatively light and long-span bridges can be
constructed.

e It is possible to manufacture durable and
homogeneous quality materials in large

quantities, and quality assurance is possible

because the elements are manufactured in
controlled environments.

e Design and construction of stunning bridges
to match the surrounding landscape is
possible.

e FEasy to inspect for deterioration or damage;

dismantle;

easy to repair/reinforce or

materials are recyclable.

. (il

Steel Bri

Fig 1. dge
II. Literature Review

Nitin Indulkar et.al (2022) research paper investigate
the factors that causes the seismic forces in the system.
A simplified analysis methodology is put forward
based on IRC SP 114; 2018. It is applicable for seismic
design of bridges with a design service life of 100
years, considering Design Basis Earthquake (DBE). It
has covered the seismic map and spectral acceleration
graphs as specified in IS: 1893-Part-I- 2016. It also
adopts the method prescribed for evaluation of
liquefaction possibility, as specified in IS: 1893-Part-I-
2016. For the evaluation of seismic forces, Elastic
Seismic Acceleration method, Elastic Response
Spectrum method and Linear Time History method
are specified. The IRC Guidelines describe the various
types of special investigations to be carried out for
bridges to be constructed in near field zones, skew,
and curved bridges and so on. For loads and load
combinations, IRC 6-2017 provides the guidelines and
specifications. The objective of this code is to provide
common procedure for design of bridges. It deals with
the various loads such as vehicular loads, braking
forces, wind load, water current forces and their
combinations. Results stated that the maximum
resultant force in zone III increased by 112% in Zone
V and the maximum and minimum resultant moment
in zone III was increased by 123.6% and 128.8%
respectively in Zone V.

Pratik Soni et.al (2022) research paper investigated

three types of sections (i.e. Warren truss, Pratt truss
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and Howe truss). Two span lengths was analyzed, 40
m and 80 m, with a height of 7 m and a width of 6 m,
and was simply supported at the ends. The suitable
locomotive loading for broad gauge (1.676 metre wide)
railway track was considered as per IRS Bridge
regulation while the railway bridge was examined.
These bridges were analysed for comparing node
displacement, beam forces, and response at the
supports due to movement load of locomotives with
seismic zone 5 being considered. STAAD.Pro V8i was
used to conduct the analysis on parameters of node
displacements, beam end forces, and support
responses were used to interpret the results.

Results stated that for a 40-meter-long truss bridge,
the Warren truss exhibits less node displacement and
support response than the Pratt and Howe trusses.
Overall, one can claim that the Warren truss is the
finest piece of truss for a 40- meter span truss bridge.
The Pratt truss or Howe truss may be utilised as the
superstructure for an 80 metre span bridge with no
alteration in member cross-section, while the Warren
truss behaves the worst of the three types of truss for
the same.

A Jayaraman et.al (2021) research paper aimed to
resist the seismic force/ vibration force in railway

steel truss bridges using splice connection. Using the

Warren type of railway truss bridges Analysis and
designed by Indian standard railway code (IRC) and
IS 800 -2007. The connection of the railway truss
bridge is bolted with splice connection. Same cross
sectional area has been carried for both theoretical
and experimental investigation.

Results stated that the splice connection has high load
carrying capacity, low deflection and high level
seismic resistance. The members designed with splices
show greater reduction in the structural weight.
Experimental evaluation shows increase in the load
carrying capacity and decrease in the deflection while
using members with splices by 24% Splice connection
best seismic performance compared to the other type

of connection.

Objectives of the research

1. To determine the effect of vehicular loading
over steel bridge connected with tunnel.

2. To study utilization of analysis tool SAP2000 as
per L.R.C. guidelines for bridge analysis.

3. To determine the most suitable type of steel
bridge in comparison with tunnel section.

4.  Analysis of a steel bridge considering lateral

load using 1.S. specified sections.

III. METHODOLOGY

This section presented the steps undertaken while modelling and analysis of the two cases using analytical

application SAP2000. The materials and sections will be specified and loading conditions will be defined to

generate the optimised results.

the primary steps which will be followed in the research work are stated below:

Step 1: In the first step we will review the literature to justify the aims and objectives of the study.

Step 2: Modelling of the Frame using SAP2000 as per the cases considered in this study.
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Fig 2 Model of Bridge with Tunnel
Step 3: In this step, assigned sectional data and material description and Path Data

E Path Data >
Path Name |P‘ATH1 | Display Color I_
Frame Centerline Offzet

10
Mo foe

I
1 &
! :
1 4
1 2 Modify
1 0
Delete
Rewverse Crder Rewverse Sign Mowe Path...
Dizcretization
Maximum Discretization Length |:|
Discretization Length Not Greater Than 1/ of Path Length
oK Cancel
Fig 3 Path Data

Step 4: In this step assigned support condition to the models.
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Fig 4 Defining Support Condition
Step 5: In this step we will assign loading condition as per I.R.C. loading condition.

B¢ Vehicle Data s
Vehicle name Units
[ | Jaume vl
Lead Elevation
Loads
Load Minimurm Maximurm Uniform Axle
Length Type Distance Distance Load Load
Leading Load | Infinite 20. ||20. |
Leading Load I F
Fixed Length 1. 20. 20.
Variable Length 1. 1. 20. 20.
Trailing Load Infinite 20.
| Add | | Insert | | Modify | | Delste

] ehicle Remains Fully In Path

[ ok ] |Canoel|

Fig 5 Defining Load Condition as per IRC Loading
Step 6: In this step assign loading condition and seismic data
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3{ 15 1893:2016 Seismic Load Pattern
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Fig 6 Assigning Loading condition as per Seismic data

Step 7: Analyzing the output and comparing the results.
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Fig 7 Stress Analysis of the Model
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Blueprint of the Case Study
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Case Study
Case I- Bridge with Pratt Truss

Fig 8 Blueprint of the Bridge
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Fig 9 Bridge with Pratt Truss
Case II- Bridge with Warren Truss
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Fig 10 Bridge with Warren Truss
Geometrical Description of the Structure
Table 1 Geometrical Description

Dimension of the model

Length 450 m

Height 20 m
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Steel Section As per Steel Table Indian Section
Connection Bolted
Material Mild Steel
Haunch 100 x 100 mm
Result & Discussion:
Shear Force
Table 2 Shear Force in kN

Maximum Shear Force in kN

Bridge with Warren Truss Bridge with Pratt Truss

382.256 466.402

Shear Force in KN

500 466.402
450

400
350
300
250
200
150
100

50

382.256

Shear force in KN

Bridge with Warren Truss Bridge with Pratt Truss
Cases

Discussion: A shear force is a force applied along the surface, in opposition to an offset force acting in the
opposite direction. This results in a shear strain. In simple terms, one part of the surface is pushed in one
direction, while another part of the surface is pushed in the opposite direction. Shear force was maximum in

Bridge with Pratt Truss when compared to bridge with Warren truss providing to be 12% on the higher side.
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Maximum Deflection in mm

Table 3 Maximum Deflection in mm

Maximum Deflection in mm

Bridge with Warren Truss Bridge with Pratt Truss

690.141 598.402

Deflection in mm

700 690.141

680
£ 660
E 640
S 620
B 598.402
9 600
©
0 580

560

540

Bridge with Warren Truss Bridge with Pratt Truss
Cases
Support Reaction in kN
Table 4 Support Reaction in kN
Support Reaction in kN
Bridge with Warren Truss Bridge with Pratt Truss
3912.869 4179.519
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Support Reaction in KN

4200
4150
4100
4050
4000
3950
3900
3850
3800
3750

3912.869

Support Reaction in KN

Bridge with Warren Truss

Discussion: A support reaction can be a force resulting
in a support or a resulting restraining end moment,
which results due to a prevented possibility to move.
In the case of structural systems, support reactions are
in equilibrium with the external forces acting on the
structure. Support reaction was 3.9 % on higher side
in case of bridge with Pratt Truss when compared to

Bridge with Warren Truss

IV. CONCLSION

This project discussed the analysis and design of steel
truss bridge connected to tunnel, the bridge is 450m
long and 20 m high, the spaces between the trusses in
the roof are various, from the beginning by leaving
space that equal 0.5 m, divided all spaces in 10
segment the length of each one equal 7m.

Shear Force

A shear force is a force applied along the surface, in
opposition to an offset force acting in the opposite
direction. This results in a shear strain. In simple
terms, one part of the surface is pushed in one
direction, while another part of the surface is pushed
in the opposite direction. Shear force was maximum

in Bridge with Pratt Truss when compared to bridge

4179.519

Bridge with Pratt Truss
Cases

with Warren truss providing to be 12% on the higher
side. Maximum shear force value is for Pratt truss
bridge which is 485.763 KN connected with tunnel.

Maximum Deflection
corresponding to 75% of peak load and post-peak
deflection at 80%

Maximum deflection was 9% higher in case of bridge

of peak load, respectively.
with Pratt Truss when compared to bridge with
warren truss.

Torsional Values

In the field of solid mechanics, torsion is the twisting
of an object due to an applied torque. Torsion is
expressed in either the pascal (Pa), an SI unit for
newtons per square metre, or in pounds per square
inch (psi) while torque is expressed in newton metres
(N. -
were 6.7% higher in bridge with Pratt Truss when

m) or foot-pound force (ft.). Torsional values

compared to bridge with Warren truss. Torsional
value for pratt truss bridge is 30% more than pratt
truss & 22% more than warren truss bridge.

Support Reaction

A support reaction can be a force resulting in a
support or a resulting restraining end moment, which

results due to a prevented possibility to move. In the

International Journal of Scientific Research in Civil Engineering (www.ijsrce.com)



Dolly Dewangan et al Int J Sci Res Civil Engg. September-October-2022, 6 (5) : 78-90

case of structural systems, support reactions are in
equilibrium with the external forces acting on the
structure. Support reaction was 3.9 % on higher side
in case of bridge with Pratt Truss when compared to
Maximum

Bridge with Warren Truss. support

reaction is 4946.319 KN for pratt truss bridge.
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