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Abstract. The paper presents the first of its kind bolted Bow String Girder Bridge with Stain-
less Steel IRS 450 CR across a Canal along a link Road. The Bridge utilizes 350 MT of Stain-
less Steel for all its structural Members. The problem statement was to provide a high-level
bridge with increased vertical navigation clearance and not increase the Finished Road Level
(FRL) subsequently to reduce the approach spans and the land acquisition cost. The require-
ment was to provide a 36 m long and 29 m wide Iconic light weight bridge which can be ex-
ecuted faster and have very high corrosion resistance and less maintenance (fit and forget solu-
tion) as the bridge is approx. 1.5 kms from the ocean. A state of the art integrated design of
BSG with 3 arches, and precast prestressed slabs was proposed as a solution.

Keywords: Stainless Steel, Arch Bridge, IRS 450 CR, Bolted Connections, Structural
Applications, Faster Execution, Reduce Land Acquisition Cost, and Reduce Approach
Spans.

1 Introduction

A Bolted Bow String Girder Bridge, is also known as a tied-arch bridge. It is a struc-
tural system in which the roadway deck acts as a horizontal tie to resist the outward
thrust of the arch ribs. This arrangement not only provides an elegant architectural
form but also allows increased navigation clearance without requiring deep girders or
extensive approach embankments.

Stainless Steel for Bridges although have been widely used for structural applica-
tions all across the world for the past 100 Years. One of the first examples is Squire
Whipple (USA, 1841), built with wrought iron. In Europe, tied-arch forms gained
popularity in the late 19th and early 20th centuries, especially for railway and canal
crossings, as they combined aesthetic appeal with practical navigation clear-
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ance.[ 1]With the advent of structural steel in the late 19th century, bow string bridges
became more economical and reliable.[2]

In India, the concept of bow string girder bridges was introduced during the British
colonial period, with steel truss and arch forms used for railway and roadway bridges
across rivers and canals. With the publication of IRC:21 (Design of Steel Bridges)
series, bow string girders became a recognized form for medium to long-span bridges
(30 m to 120 m). In recent decades, bolted bow string girder bridges have been in-
creasingly adopted for canal crossings, urban flyovers, and signature bridges, owing
to their corrosion resistance, faster erection, and lower maintenance compared to con-
ventional trusses.[3], [4] They represent a blend of traditional arch engineering and
modern bolted steel technology.[5]India has been steadily adopting stainless steel for
structural applications since 2017 for its corrosion resistance, light weight, high
strength, less maintenance, high residual value and reduced carbon footprints. One
such novel application in stainless steel is the Bow String Girder Bridge over the wa-
ter bodies to maintain the navigational span.[6][7]

Duplex stainless steel is increasingly being used in bridge construction due to their
exceptional mechanical properties and high load-bearing capability, particularly in
challenging environmental conditions. [8][9] The IRS 450 CR standard is a specifica-
tion developed by the Indian Railways for high-strength corrosion-resistant stainless
steel used in structural applications such as foot-over bridges (FOBs), road-over
bridges (ROBs), and other railway infrastructure. This grade is part of the IRS 350
CR / IRS 450 CR family, which combines enhanced mechanical properties with im-
proved durability compared to conventional carbon steels like E250 and E350.

2 Method

In this case study we will explain the Bow String Girder design of 36 m (L) x 29
m (W) which has been provided to solve the challenge of maintaining the FRL at 4 m
from the High Flood Level without providing the additional approach spans. Conven-
tionally, a RCC/PSC girder of depth 2275 mm would be used in such cases, which
will result in addition of approach spans due to increased FRL. In this case, additional
43 m approach spans had to be provided if 36m long PSC/RCC girders would have
been used. The area is densely populated therefore making the land acquisition very
costly. The next alternative is to provide Structural Steel (Grade E350) bridge which
will incur very high maintenance cost as the location is 1.5 km from the ocean. Using
Structural Stainless Steel (Grade IRS 450 CR) has ensured that the bridge will be long
lasting, safe and maintenance free.[10] The overall steel consumption also reduced
due to better strength to weight ratio and no corrosion margins requirements. In Stain-
less Steel IRS 450 CR Bow String Girder, the depth was optimized to 850 mm for a
36m (L) x 29 m (W) bridge which is 63% lesser than the conventional PSC Girder
and it saved approx. 43m approach length on both sides. Therefore, the embankment
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formation length and retaining wall length reduced substantially along the approach
length.

2.1 Key aspects.

The given bridge is 36 meters span and 32 meters wide 3-Arch System which is made
entirely of stainless steel IRS 450 CR having the Chemical Composition in Table 1
and the Mechanical properties are as follows in Table 2. The Isometric view & Longi-
tudinal Cross Section are shown in Figure 1.
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Fig. 2.- Longitudinal Cross Section of the Stainless Steel IRS 450 CR BSG Bridge.
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Table 1.- Chemical Composition.

Grade Chemical Composition of SS IRS 450 CR

IRS C Si Mn Ni Cr Mo S P N
450 CR

Table 2.- Mechanical Properties of SS IRS 450 CR
Grade Designa- Tensile Strength 0.2 % Proof Min Elongation
tion UTS (MPa) Stress (MPa) (%)
(Min)
IRS 450 CR[11] 550 450 18

Stainless Steel has Inherent characteristic to tackle Corrosion

Stainless steel is an alloy of iron (Fe) and
chromium (Cr). Min 10.5% PASSIVE FILM on STAINLESS STEEL:
Oxy-hydroxides of Fe and Cr

Stainless °
o 0© 0.9 © o =
Oxygen— o588 o%%% . o%go g 6 2-3 nm thick
@ an CEpdgd e
§ = [The chromium oxide layer is a crucial
component that gives stainless steel

Iron Chromium Transparent, Adherent & Self Repairing N 2 A :
Min 10.5% lits corrosion-resistant properties
MULTI-LAYER COATINGS ¢
Topcoat—~wu_ ,,}
—— YPically
Carbon Coat _ 20-200 pm thick
Steel Primer May peel off
Not self-repairing

Fig. 3.- Chromium make Stainless Steel Naturally Self-Healing and protects from Corrosion

The connection of arch members, bottom chord and transverse members uses Stain-
less Steel nuts and bolts and the deck slab also uses a combination of Precast Pre-
Stressed Slab Panels (M50 Grade) in conjunction with cast in situ slabs thereby in-
creasing the modularity of the bridge.
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3 Results

3.1  Urban Integration and Land Acquisition Challenges:

Land acquisition zones on one flank and integrates with the existing carriageway on
the opposite side. This optimized alignment results in a reduction of approximately 43
meters in approach lengths on both ends of the bridge.

Fig. 4.3D View of project location (Source: Google Earth)

Such reduction offers significant advantages by minimizing land acquisition require-
ments, associated compensation pay-outs, potential legal arbitrations and reducing the
extent of rework on the existing roadway. The adoption of an alternative engineering
solution, substituting the conventional PSC girders with Stainless Steel Bowstring
girders—not only enhances structural efficiency and durability but also delivers both
tangible (cost savings, reduced footprint) and intangible (streamlined approvals, acce-
lerated implementation) benefits. This integrated approach underscores the value of
innovative material selection and geometric optimization in sustainable urban bridge
design.

4 Comparison — Advantage of Stainless-Steel IRS 450 CR

The advantage of using Stainless Steel Bolted Bow-String Girder over PSC T Girder
have been summarized below. Option to use MS girder was eliminated by the agency
as it will incur high maintenance cost and safety issues within a few years due to high
corrosive environment, it was further justified by Life Cycle Costing.[12], [13][14]

Table 3.- Advantages of Stainless-Steel Bolted Bowstring Girder over PSC T-Girder:[15]

S. Details PSC T Gird- SS Bolted Bow- Remarks
No er string Girder
1 No. of Spans 3 1 2 spans reduced
No. of Piers / 2 Abutments 2 Abutments 2 piers reduced and the
Abutments (750mm) & 2 (450mm) abutment thickness is also
Piers reduced by 300mm for the
bridge width of 29m
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3 Span 32m 36m Increased span

4 Girder Depth 2275mm 850mm Benefits of using Bow
(Incl. deck slab) String Girder:

1. Girder depth reduced
by 1425mm. ie. 63%
reduction compared to
PSC Girders. 2. Optimized
the overall design, naviga-
tional clearances and ap-
proach span.

5 Deck level for 6.275m 4.850 In the Bow String Girder

the vertical design the Vertical clear-
clearance of 4m ance has been reduced by
for navigation 1.425 m. Therefore, Ap-
from HFL. proach Length has been
Approach Span significantly reduced by
Saving 43m thus saving the em-
bankment and retaining

wall formation length

6 Execution & | 12 X 90 MT | 3 X 40 MT - Bow | 50% reduction in weight
Logistics Cost | (90 MT | String Arch Girder | and quantity of girders
pertaining  to | /Girder) & 20 x 85 - MT | resulting in faster execu-
timeline Cross Girders tion. Low-capacity cranes

required, and optimized
execution cost.

7 Avg dead load / | 540MT 418 MT 1. 23% weight reduction.
span (Excl. 2. Allowing optimized
deck slab) design of substructure. 3.

Completely bolted structure
for Easier Installation at
site.

8 Construction ~5 months ~3 months 1. Time line reduced due to
timeline (Sub- reduction in  no. of
structure) piers/abutment.

2. Consideration - 1.2
months required for each
pier construction.

9 Construction ~6 months ~2 months Easy and faster execution/
timeline  (Su- installation at site due to:
perstructure) 1. Completely Bolted Bow

String Girder therefore no
site fabrication required.

2. Lighter and modular
structure for faster handling
and installation at site.

10 | Overall  con- | ~11 months ~5 months 55% reduction in the con-
struction  the struction timeline
timeline

11 | End of Life | Zero. Only | 100 % of the Gird- | Reduces Carbon Footprint,
Value Landfill. er can be recycled | Greener Alternative.

contributing to
High Residual
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Value.
12 | Aesthetics Simple struc- | Iconic and Aes- | Forms a landmark for the
ture thetically appeal- | Chennai City
ing
13 | Maintenance Frequent High  Corrosion | Close to the coastal area
maintenance Resistant and | (Within 2 kms) and over
is required Maintenance Free | polluted waters
Material
Ecological High in car- | Green material and | SS more sustainable ma-
Impact bon footprint | recyclable terial than PSC
due to exces-
sive usage of
concrete
Expansion / | Difficult and | Extremely  Easy | SS provides the flexibility
Widening  of | Time Con- | and Less Time | to widen the roads in future
Roads in Future | suming Consuming

5 Conclusions

This case study demonstrates the feasibility and advantages of adopting Structural
Stainless Steel IRS 450 CR & IRS 350 CR in urban bridge infrastructure through a
bowstring arch configuration. The solution outperforms traditional PSC & MS de-
signs in structural efficiency, construction speed, longevity, aesthetics, environmental
impact and lifecycle cost. The customized design utilizing Structural Stainless Steel
as primary structural element along with Precast prestressed slab solved the technical
problems of FRL limitations, offered reduction in approach spans by using the better
strength to weight ratio of IRS 450 CR and alternate engineering methods.

With growing emphasis on resilient, low-maintenance, and sustainable infrastruc-
ture, stainless steel bridges such as the one presented here are poised to play a trans-
formative role in India’s urban mobility landscape.
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