
Chapter – 11 permanent bridges

Defination: 

A bridge whose main loadbearing structures are made of natural stone, brick, 
or concrete blocks. Such a bridge is always arched, with massive supports. T
he main loadbearing element of a masonry bridge is the arch, over which is b
uilt the spandrel, which in turn supports the bridge roadway. The spandrel is 
made from a gravel or crushed stone backing held in by lateral (side) walls m
ade of concrete masonry or stonework or in the form of an open structure of 
small arches resting on crosswalk. 

Where stone has been used, it has almost always been locally sourced. The
mechanical and chemical properties vary with the type available from the
local geology. The compressive strength of the rock used is almost always
equal to or greater than concrete. The mortar used will typically be a type
of portland cement and will be weaker than the rock.

Stone masonry deteriorates by weathering (breaking into small  particles),
spalling  (small  sections  of  rock  popping  out),  or  splitting  (separations
occurring either at seams in the rock or along mortar joints). Possible causes
include: chemical reactions, thermal expansion and contraction, freeze-thaw,
plant growth in the seams, and movement of  the soil  mass behind stone
masonry walls.

Repair and Rehabilitation of Masonry Bridges

https://www.sciencedirect.com/topics/engineering/compressive-strength
https://www.sciencedirect.com/topics/engineering/portland-cement


 The intent of repair and rehabilitation of masonry structures is to extend the
service life of the bridge, correct a deficient condition, or to bring the bridge
up to current standards (such as changing the crash barrier). As many of the
structures are historic, it is important to match the existing structure or to
repair it  in a way that is sensitive to the historical significance. However,
public safety is still the first priority.

Steel is widely used around the world for the construction of bridges from the
very large to the very small. It is a versatile and effective material that provides
efficient  and sustainable  solutions.  Steel  has  long  been  recognised  as  the
economic option for a range of bridges. It dominates the markets for long span
bridges,  railway bridges, footbridges, and medium span highway bridges. It  is
now increasingly the choice for shorter span highway structures as well. Society
gains  in  many  ways  from  the  benefits  delivered  by  steel  bridge  solutions.
Landmark steel bridges embody good design, they are fast to build, and have
stimulated the regeneration of many former industrial, dock and canalside areas.

Steel bridges are an essential feature of a country’s infrastructure and landscape.
Few man-made structures combine the technical with the aesthetics in such an
evocative way. Look closely at the next ‘landmark’ bridge you see; the chances
are that it is made of steel.

Classification :
1. beam bridge
2. Box girders  bridge
3. truss
4. arch
5. suspension
Classification of Bridge according to type of structural arrangement:
I-girder bridge
When the span is small, simple   I-girders are used as main load carrying 
members. These types of sections are used to build culverts of moderate 
depth. But this is not sufficient for wider spans and built-up plate girders are 
used in such conditions to carry larges loads.

https://civildigital.com/key-causes-failure-bridges-reasons-collapse-during-construction-bridge-failure/
https://www.steelconstruction.info/Design_of_steel_footbridges
https://www.steelconstruction.info/Sustainable_steel_bridges


Plate girder bridge
Plate girders are most popular as railway bridges. The main advantage of 
them is, this plate can be transported in one piece. But the limiting depth of 
plate girders is only 3 to 4 m.
Classification of Bridge according to the type of connections:
Riveted bridges
Welded bridges
Bolted   bridges
Classification of Bridge according to movement of structural part of bridge:
Fixed or permanent bridges
Movable bridges
A fixed type bridge is the one which always remains in one position. A 
majority of bridges are of this type. A movable bridge is the one which can 
be opened either horizontally or vertically so as to allow the river or channel 
traffic to pass.

Movable bridges   are of the following types:
Swing bridge
Rolling bridge
Floating swing bridge
Transporting bridge
Vertical lift bridge

 

Durability, aesthetics, economic solutions, simplified construction and rapid
deployment  techniques  all  contribute  to  making  concrete  the  best
construction  material  for  any  bridge  project,  whatever  the  size,  form  or
intended use.  Greater  construction  flexibility  can  be realised through  the
many forms  of  concrete  easily  available  nationwide,  making  concrete  an
adaptable resource suitable for deployment for even the most challenging of
bridge types or construction sites.
Slab

https://civildigital.com/movable-bridges-special-types-of-movable-bridges-photos/
https://civildigital.com/steel-connection-simple-connections-moment-connections/
https://civildigital.com/shear-connector-composite-construction-types-design-requirements-testing/


Slab bridges may be composed of single or multiple spans.

 Simple, easy to construct.

 Well-suited for spans up to 50 feet.

 For  longer  spans,  continuity  with  abutments  and piers  can mobilize

frame action.

Arch

Concrete arch bridges may consist of either a single arch or multiple arches
supported by abutments and intermediate piers.

 Simple, easy to construct.

 Well-suited for spans up to 50 feet.

 For  longer  spans,  continuity  with  abutments  and piers  can mobilize

frame action.

Deck Arch Bridge
A deck arch is one wherever the bridge deck that has a structure that directly supports the
traffic loads is found on top of the crown of the arch. The deck arch is understood as an
ideal arch. 

Example of Deck Arch Bridge:

 New River Gorge Bridge:Span: 924 m (3,030 feet). Longest span: 518.2 m (1,700 
feet). Location: West Virginia, United States. 

 Wanxian Bridge / Wanzhou Bridge: Span: 864.12 (2,835 feet). Location: Wanzhou, 
Chongqing, China.

https://en.wikipedia.org/wiki/Wanxian_Bridge
https://en.wikipedia.org/wiki/New_River_Gorge_Bridge


Through Arch Bridge
A through the arch is one where the upper deck is found at the spring line of the arch. It is
also known as the half-through arch bridge. For this type of arch bridge reinforced concrete
or steel material is used.

Example of Through Arch Bridge:

 Hell Gate Bridge: Span: 5,151 m (16,900 feet). Longest span: 279.9 m (977.5 
feet). Location: New York, United States. 

 Sydney Harbour Bridge:Span: 1,149 m (3,770 feet). Longest span: 503 m (1,650 
feet). Location: Sydney, Australia. 

https://en.wikipedia.org/wiki/Sydney_Harbour_Bridge
http://www.nycroads.com/crossings/hell-gate/


Cable-Stayed

A more recent type of bridge currently gaining popularity as a "signature"
structure  is  the  cable-stayed  bridge  with  a  cast-in-place,  reinforced,  or
segmental deck.

 Economical and aesthetically pleasing.

 Structurally efficient use of materials.

 I-Girder

 A  simple  beam  bridge  is  commonly  used  for  moderate  spans.
Variations of the precast I-girder include the PCI bulb-tee or bulb-tee
sections developed by various states.

Box Beams

A box beam bridge is supported by abutments and piers in the same way as
a simple- or continuous beam bridge.

 Common bridge type, especially for low-volume roads.

 Well-suited for spans from 50 feet to 120 feet.

 Common widths of 36 or 48 in.

Segmental



Segmental bridges are popular when the construction site is restricted. They
can be cast-in-place or precast, and can employ span-by-span or balanced
cantilever construction.

 Perfectly suited for gradual and sharply curved alignments.

 Maximum span is greater than 300 feet.

 Repetition of short spans: 70 feet to 150 feet.

Suspension Bridges

Concrete  plays  an  important  part  in  the  construction  of  a  suspension
bridge. There will be massive foundations, usually embedded in the ground,
that  support  the  weight  and  cable  anchorages.  There  will  also  be  the
abutments, again probably in mass concrete, providing the vital strength
and  ability  to  resist  the  enormous  forces,  and  in  addition,  the  slender
superstructures carrying the upper ends of the supporting cables are also
generally made from reinforced concrete.

Suspension Bridges

A typical suspension bridge is a continuous girder suspended
by suspension cables, which pass through the main towers
with the aid of a special structure known as a saddle, and end
on  big  anchorages  that  hold  them. Fig.  1.26 shows  the
essential  structural  members  and  elements  of  typical,
including tower, hanger, main girder, and the anchorage. The
main forces in a suspension bridge are tension in the cables
and compression in the towers. The deck, which is usually a
truss or a box girder, is connected to the suspension cables
by vertical suspender cables or rods, called hangers, which
are also in tension. The weight is transferred by the cables to
the  towers,  which  in  turn  transfer  the  weight  to  the
anchorages on both ends of the bridge, then finally to the
ground.

https://www.sciencedirect.com/topics/engineering/box-girder
https://www.sciencedirect.com/topics/engineering/main-girder
https://www.sciencedirect.com/topics/engineering/girder


he curve shape of the suspension cables is similar to that of
arch.  However,  the  suspension  cable  can  only  sustain
the tensile  forces,  which  is  different  from  the compressive
forces in the arch. Also because of this, the cable will never
“buckle”  and  highly  efficient  use  of  high  strength  steel
materials  becomes  possible.  The  use  of suspension
bridges makes longer main spans achievable than with any
other types of bridges, and they are practical for spans up to
around 2 km or even larger. The top 10 largest suspension
bridges in the world are listed in Table 1.4. The Akashi Kaikyō
Bridge crosses the busy Akashi  Strait  and links the city of
Kobe on the mainland of Honshu to Iwaya on Awaji Island, in
Japan. Since its completion in 1998, the bridge has had the
longest central span of any suspension bridge in the world at
1991 m. The central spans of the top 10 largest suspension
bridges are longer than 1300 m, indicating the incomparable
spanning capability of this bridge type.

A  typical  arrangement  for  a  suspension  bridge  is  shown
diagrammatically in Fig. 5.11. The bridge deck is suspended
by hangers from the cables which pass over the tops of the
towers and are secured by massive anchor blocks embedded
in  the  ground.  The  advantage  of  this  form  of  bridge
construction is its ability to provide large clear spans so that
sea-going ships, say, can pass unimpeded. Typical examples
in the UK are the suspension bridges over the rivers Humber
and  Severn,  the  Forth  road  bridge  and  the  Menai  Straits
bridge in which the suspension cables comprise chain links
rather than tightly bound wires. Suspension bridges are also
used  for  much  smaller  spans  such  as
pedestrian footbridges and  for  light  vehicular  traffic  over
narrow rivers.

https://www.sciencedirect.com/topics/engineering/footbridges
https://www.sciencedirect.com/topics/engineering/anchor-block
https://www.sciencedirect.com/topics/engineering/bridge-decks
https://www.sciencedirect.com/topics/engineering/compressive-force
https://www.sciencedirect.com/topics/engineering/compressive-force
https://www.sciencedirect.com/topics/engineering/tensile-force


Questions

1. Define masonary bridge with sketch.
2. Define steel bridge with their classification.
3. Define concrete bridge with their classification.
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