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Abstract— Structural design requires a full understanding and 

knowledge of all the components comprising the structure. A 

suspension bridge is a type of bridge in which the deck (the 

load-bearing portion) is hung below suspension cables on 

vertical suspenders. The design of modern suspension bridges 

allows them to cover longer distances than other types of 

bridges. The main element of a cable suspended bridge is the 

cable system. Bridge is normally designed for dead load, live 

load and other occasional loads. Over the last 200 years 

suspension bridges have been at the forefront in all aspects of 

structural engineering, including empirical and theoretical 

studies, and construction and lifecycle management. Their 

spans have grown from 50 to 2000 m with designs for 3000 

m under consideration. Key elements of modern suspension 

bridges are their cables. 
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I. INTRODUCTION 

A suspension cable bridge has one or more towers, from 

which cables support the bridge deck. Distinctive features are 

the cables which run directly from the tower to the deck, 

normally forming a fan-like pattern or a series of parallel 

lines. This is in contrast to the modern suspension bridge, 

where the cables supporting the deck are suspended vertically 

from the main cable, anchored at both ends of the bridge and 

running between the towers. The cable-stayed bridge is 

optimal for spans longer than cantilever bridges and shorter 

than suspension bridges. This is the range where cantilever 

bridges would rapidly grow heavier if the span were 

lengthened, while suspension bridge cabling would not be 

more economical if the span were shortened. 

 
Fig. 1: Suspension Cable Bridge 

Cable-stayed bridges have been known since the 16th 

century and used widely since the 19th. Early examples often 

combined features from both the cable-stayed and suspension 

designs, including the famous Brooklyn Bridge. The design 

fell from favor through the 20th century as larger gaps were 

bridged using pure suspension designs, and shorter ones using 

various systems built of reinforced concrete. It once again 

rose to prominence in the later 20th century when the 

combination of new materials, larger construction machinery, 

and the need to replace older bridges all lowered the relative 

price of these designs. 

 
Fig. 2: Simple Suspension Cable Bridge 

II. HISTORY 

For bridges where the deck follows the suspenders, 

see simple suspension bridge. 

The earliest suspension bridges were ropes slung 

across a chasm, with a deck possibly at the same level or hung 

below the ropes such that the rope had a centenary shape. 

The cables used in cable-supported structures have 

the same composition of the cables used in prestressed 

concrete. There is similarity not only in the material 

properties, but also in the physical aspect (different kinds of 

cables will be presented later on). Both types of cables have 

to sustain very high tension; in the prestressed concrete, the 

tension is used to keep the concrete always in compression, 

whereas in cable-supported structures, the high tension result 

from the load transmitted from the structure it to the 

supporting elements). The idea of prestressing main elements 

in a structure is very old. The Egyptians used to "prestress" 

the hull of their ships by cooling hot metal strips attached to 

it. Prestressing concrete became known and applied due to the 

work of Eugene Freysinnet (French engineer 1879-1962) who 

is considered the "inventor of prestressing". The research 

done by this remarkable engineer, led to a better 

understanding of the properties and behaviour of the cables 

to be used. 

Even though the work of Eugene Freysinnet was 

done on the cables in reinforced concrete, the cables used in 

cable-supported structures are very similar and behave in a 

same manner, and, therefore, the principles he developed can 

be applied to these structures as well. The main difference 

between the two types of cables is in the ductility or the strain 

at breaking. In prestressed concrete, a high ductility is 

required to overcome creep whereas. 

In cable-supported structure, an extremely low 

ductility is a must to ensure minimal displacement of the 

structure that may be caused by cable elongation. Due to 

extensive research in the field, cables are undergoing constant 

improvement. Massive efforts are being made to improve the 

actual material and to discover new materials (or alloys) with 

better properties. Table 2 shows the evolution of the steel 

cable strength with time. The fact that the strength has tripled 

in a century and a half is a proof of the effort being put into 

that field. 
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A. Precursor 

The Tibetan saint & bridge-builder than tong 

Gyalpo originated the use of iron chains in his version 

of simple suspension bridges. In 1433, Gyalpo built eight 

bridges in eastern Bhutan. The last surviving chain-linked 

bridge of Gyalpo's was the Than tong Gyalpo Bridge 

in Duksum en route to Trashi Yangtse, which was finally 

washed away in 2004. Gyalpo's iron chain bridges did not 

include a suspended deck bridge which is the standard on all 

modern suspension bridges today. Instead, both the railing 

and the walking layer of Gyalpo's bridges used wires. 

The stress points that carried the screed were reinforced by 

the iron chains. Before the use of iron chains it is thought that 

Gyalpo used ropes from twisted willows or yak skins. He may 

have also used tightly bound cloth. 

B. Chain Bridges  

The first American iron chain suspension bridge was 

the Jacob's Creek Bridge (1801) in Westmoreland County, 

Pennsylvania, designed by inventor James Finley. Finley's 

bridge was the first to incorporate all of the necessary 

components of a modern suspension bridge, including a 

suspended deck which hung by trusses. Finley patented his 

design in 1808, and published it in the Philadelphia 

journal, The Port Folio, in 1810.  

 
Fig. 3: An Early Plan for the Chain Bridge over 

the Menai near Bangor, Wales, Completed in 1826 

C. Wire-cable  

The first wire-cable suspension bridge was the Spider Bridge 

at Falls of Schuylkill (1816), a modest and temporary 

footbridge built following the collapse of James Finley's 

nearby Chain Bridge at Falls of Schuylkill (1808). The 

footbridge's span was 124 m, although its deck was only 0.45 

m wide. 

Development of wire-cable suspension bridges dates 

to the temporary simple suspension bridge at Annonay built 

by Marc Seguin and his brothers in 1822. It spanned only 18 

m. The first permanent wire cable suspension bridge 

was Guillaume Henri Dufour's Saint Antoine Bridge 

in Geneva of 1823, with two 40 m spans.  The first with 

cables assembled in mid-air in the modern method 

was Joseph Chaley's Grand Pont Suspendu in Fribourg, in 

1834.  

In the United States, the first major wire-cable 

suspension bridge was the Wire Bridge at Fairmount in 

Philadelphia, Pennsylvania. Designed by Charles Ellet, 

Jr. and completed in 1842, it had a span of 109 m. 

Ellet's Niagara Falls Suspension Bridge (1847–48) was 

abandoned before completion. It was used 

as scaffolding for John A. Roebling's double decker railroad 

and Carriage Bridge (1855). 

The Otto Beit Bridge (1938–39) was the first 

modern suspension bridge outside the United States built with 

parallel wire cables. 

III. DESIGN OF CABLES 

Parallel wire cable has been used exclusively as the main 

cable in long-span suspension bridges. Parallel wire has the 

advantage of high strength and high modulus of elasticity 

compared with stranded wire rope. The design of the parallel 

wire cable is discussed next, along with structures 

supplemental to the main cable. Alignment of the main cable 

must decided first, the sag-span ratios should be determined 

in order to minimize the construction costs of the bridge. In 

general, this sag-span ratio is around 1:10. However, the 

vibration characteristics of the entire suspension bridge 

change occasionally with changes in the sag-span ratios, so 

the influence on the aerodynamic stability of the bridge 

should be also considered. After structural analysis are 

executed according to the design process shown in overcool 

design, the sectional area of the main cable is determined 

based on the maximum cable tension, which usually occurs 

at the side span face of the tower top. The tensile strength of 

cable wire has been about 1570N/mm² in recent years. For a 

safety factor 2.5 or 2.2 is used. 

IV. DIFFERENT KINDS OF CABLES 

Different kinds of cables are manufactured and used. Each 

type has its advantages and it disadvantage and, most 

important of all, its unique area of applicability. It is up to the 

design engineer to choose the type and specification of the 

cable to be used on a particular project. The most common 

types of cables found in the market are: 

 Parallel-bar cables 

 Locked-coil strand cables: 

 Parallel-wire cables 

 Stranded cables 

A cable may be composed of one or more structural 

ropes or structural strands. A strand with the exception of 

parallel wire strands) is an assembly of wires formed helically 

around a centre wire in one or more symmetrical layers. A 

rope is composed of a plurality of strands helically laid round 

a core. 

The main differences between a strand and a rope are: 

 At equal sizes, a strand has a greater braking strength 

than a rope 

 The modulus elasticity of a strand is higher than that of a 

rope 

 A strand has less curvature capabilities than a rope 

 For the reasons stated above, strands are usually 

preferred to ropes in cable suspended bridges. 

 
Fig. 4: Structural Strand 

https://en.wikipedia.org/wiki/Tibetan_people
https://en.wikipedia.org/wiki/Thangtong_Gyalpo
https://en.wikipedia.org/wiki/Thangtong_Gyalpo
https://en.wikipedia.org/wiki/Wrought_iron
https://en.wikipedia.org/wiki/Simple_suspension_bridge
https://en.wikipedia.org/wiki/Bhutan
https://en.wikipedia.org/wiki/Duksum
https://en.wikipedia.org/wiki/Trashi_Yangtse
https://en.wikipedia.org/wiki/Suspended_deck_bridge
https://en.wikipedia.org/wiki/Stress_%28mechanics%29
https://en.wikipedia.org/wiki/Jacob%27s_Creek_Bridge
https://en.wikipedia.org/wiki/Westmoreland_County,_Pennsylvania
https://en.wikipedia.org/wiki/Westmoreland_County,_Pennsylvania
https://en.wikipedia.org/wiki/James_Finley_%28engineer%29
https://en.wikipedia.org/wiki/The_Port_Folio
https://en.wikipedia.org/wiki/Menai_Suspension_Bridge
https://en.wikipedia.org/wiki/Menai_Strait
https://en.wikipedia.org/wiki/Bangor,_Wales
https://en.wikipedia.org/wiki/Spider_Bridge_at_Falls_of_Schuylkill
https://en.wikipedia.org/wiki/Spider_Bridge_at_Falls_of_Schuylkill
https://en.wikipedia.org/wiki/Chain_Bridge_at_Falls_of_Schuylkill
https://en.wikipedia.org/wiki/Annonay
https://en.wikipedia.org/wiki/Marc_Seguin
https://en.wikipedia.org/wiki/Guillaume_Henri_Dufour
https://en.wikipedia.org/wiki/Geneva
https://en.wikipedia.org/wiki/Joseph_Chaley
https://en.wikipedia.org/wiki/Fribourg
https://en.wikipedia.org/wiki/Spring_Garden_Street_Bridge#2nd_bridge:_Wire_Bridge_at_Fairmount
https://en.wikipedia.org/wiki/Charles_Ellet,_Jr.
https://en.wikipedia.org/wiki/Charles_Ellet,_Jr.
https://en.wikipedia.org/wiki/Niagara_Falls_Suspension_Bridge
https://en.wikipedia.org/wiki/Scaffolding
https://en.wikipedia.org/wiki/John_A._Roebling
https://en.wikipedia.org/wiki/Bridge#Double-decker_bridge
https://en.wikipedia.org/wiki/Otto_Beit_Bridge
https://en.wikipedia.org/wiki/File:A_plan_&_view_of_a_chain_bridge_-_erecting_over_the_menai_at_Bangor_Ferry_1820.jpeg


Study on Suspension Cable Bridge 

 (IJSRD/Vol. 6/Issue 01/2018/247) 

 

 All rights reserved by www.ijsrd.com 927 

 
Fig. 5: Different Types of Structural Ropes 

In what follows, a brief description of each type of 

cables is presented. 

A. Parallel-Bar Cables 

Parallel-bar cables are formed of steel rods or bars, parallel to 

each other in metal ducts, kept in position by polyethylene 

spacers. Since the maximum manufactured bars length is 

12m, threaded couplers are used to achieve longer spans. The 

rods or bars can slide in the longitudinal direction allowing 

individual tensioning. Once tensioned, grout (usually cement 

grout) is used to fill the large void ratio in the metal duct. 

Parallel bar cables are composed usually of 7 to 10 

round steel bars of diameter ranging from 16 to 36mm. 

 
Fig. no 6 Parallel-bar cable 

B. Locked-Coil Strand Cables 

Locked-coil strand cables (fig.4) are helical shape strands 

composed of two types of twisted wires [5]. The inner layers 

are made of round wires twisted (helicoidally) over a straight 

core. The outer layers are arranged the same way using 

helicoidally Z- or S-shaped wires. 

The main advantages of locked-coil cables: 

 Locked-coil cables have a higher resistance to corrosion 

due to the tight external arrangement of the wires 

 Higher modulus of elasticity 

 
Fig. 7: Locked-Coil Cable 

C. Parallel Wire Cables 

The cable is made of several parallel wires (of the same 

diameter) arranged in a Hexagonal shape. 

 
Fig. 8: Parallel Wire Cable 

The main advantage of parallel wire cables relies in 

the fact that the reduction in strength and stiffness due to the 

twisting of the wires is eliminated. The small void ratio helps 

in preventing corrosion. 

The number of wires in one cable ranges from 19 to 

499 7mm wires. Parallel wire cables are usually placed in 

ducts but left un-grouted. 

D. Stranded Cables or Parallel-Strand Cables 

Stranded cables are a variation of Parallel wire cables. The 

only difference is that the 7mm wires are replaced with wire 

prestressing strands  

 
Fig. 9: Parallel Strand Cable 

E. Arrangement of Cables in Suspension Bridges 

Typically, a large steel cross section area (in the main cables 

of suspension bridges) is required. However, very few 

bridges use only one large cable placed to carry the entire 

load. An example of a massive bridge having one main cable 

on each side is the Golden Gate Bridge. The main cable 

consists of 27,572 wires each of diameter 5mm  

 
Fig. 10: Mock-Up of the Golden Gate Bridge Main Cable 
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This method of having one big cross-section 

carrying the entire load is being replaced by an arrangement 

of cables (of smaller diameter). Having an arrangement of 

cables, visual inspection becomes easier since the big cable 

cross section is divided into smaller cables. The disadvantage 

of implementing this method resides in the complexity of the 

anchorage. When multiple cables are used instead of one, two 

main dispositions are 

1) Dominant 

A flat rectangular disposition or an agglomeration of cables 

in a rectangular or hexagonal disposition. 

F. Flat Rectangular Disposition 

Cables are put parallel to each other in one layer. They are 

kept usually spaced from each other to facilitate inspection, 

to allow water to pass through and to facilitate repainting 

(with anti-corrosion paint). Replacing one cable (if it fails or 

need to be replaced) can be easily done without having to 

close the bridge. The number of cables in this disposition is 

usually limited to 8 cables. 

 
Fig. 11: Flat Rectangular Disposition of Cables 

V. AGGLOMERATION OF CABLES 

A. Rectangular Arrangement 

As the required number of cables increases, the only solution 

is to have them in a tighter arrangement. This disposition of 

cables is still a rectangular one, but multiple layers are 

allowed (Fig. 9). Having this arrangement, the gap between 

the cables is tremendously reduced. 

Disadvantages of the rectangular arrangement: 

 Inspection and maintenance are made difficult because 

of the tight arrangement of cables 

 Replacement of one of the cables is impossible without 

having to close the bridge and interrupt the traffic 

 
Fig. no. 12 Rectangular arrangement of cables 

B. Hexagonal Arrangement 

This is a variant of the rectangular disposition. The cables are 

chosen of larger diameter and are disposed on the vertices of 

a polygon (fig. 10). They are held together by a bracing 

system allowing a uniform tensioning of all the cables. In this 

disposition, the cables are more spaced from each other and 

therefore water cannot be trapped. Even though the visual 

inspection is made easier, the spacing between the cables is 

not enough to allow repainting. 

 
Fig. 13: Hexagonal Arrangement of Cables 

VI. DESIGN OF THE STIFFENING GIRDER 

The width of the stiffening girder is determined in order to 

accommodate the carriageway width and shoulders. The 

depth of the stiffening girder, which affects its flexural and 

torsion rigidity, is decided so as to ensure aerodynamic 

stability. After examining alternative stiffening girder 

configurations, a wind tunnel test is conducted to verify the 

aerodynamic stability of the girders. In judging the 

aerodynamic stability, in particular the flutter, of the bridge 

design, a bending-torsional frequency ratio of 2.0 or more is 

recommended. However, it is not always necessary to satisfy 

this condition if the aerodynamic characteristics of the 

stiffening girder are satisfactory. The basic dimensions of a 

box girder for relatively small suspension bridges are 

determined only by requirements of fabrication, erection, and 

maintenance. 

Aerodynamic stability of the bridge is not generally 

a serious problem. The longer the centre span becomes, 

however, the stiffer girder needs to secure aerodynamic 

stability. The girder height is determined to satisfy the rigidity 

requirement. Fatigue due to live loads needs to be especially 

considered for the upper flange of the box girder, because it 

directly supports the bridge traffic. The diaphragms support 

the floor system and transmit the reaction force from the floor 

system to the hanger ropes. 

A. Design Load 

Design load for a suspension bridge must take into 

consideration the natural conditions of the construction site, 

the traffic on the bridge, its span length, and its function. It is 

important in the design of suspension bridges to determine 

the dead load accurately because the dead load typically 

dominates the forces on the main components of the bridge. 

Securing structural safety against strong winds and 

earthquakes is also an important issue for long-span 
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suspension bridges. In cases of high wind, consideration of 

the vibrational and aerodynamic characteristics is extremely 

important. Other design loads include effects due errors in 

fabrication and erection of members, temperature change, and 

possible movement of the supports. 

VII. CONCLUSION 

1) Suspension bridges in their simplest form were 

originally made from rope and wood.  

2) Modern suspension bridges use a box section roadway 

supported by high tensile strength cables. 

3) In the early nineteenth century, suspension bridges used 

iron chains for cables.  

4) The high tensile cables used in most 

modern suspension bridges were introduced in the late 

nineteenth century.  
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