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SPECIFICATION 

Method of Suspending Bridge-Girder of Suspension Bridge 

Technical Field of the Invention 

The present invention relates to a method of suspending a 

bridge-girder of a suspension bridge and more particularly to 

a bridge-girder suspension method capable of controlling the 

-~ generation of flutters on the bridge-girder. 

Background Technology 

The conventional suspension bridge has been constructed 

of main towers, cables suspended among the main towers 

themselves and between the outermost main towers and the lands 

(or shores) adjacent thereto, respectively, and a bridge-

girder extending between the lands (or shores) through the 

main towers and suspended by the cables through hanger ropes. 
-\._..,·" 

That is, the bridge-girder is suspended by main cables 

through hanger ropes on both sides thereof. 

Now, in the case of a huge suspension bridge, the main 

towers become extremely high so that vortex induced 

oscillation gene_rates on the bridge and since both sides of 

the bridge-girder is suspended merely by the:hanger ropes, 

there has arisen the problem that flutters generate on the 

bridge-girder. 
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Accordingly, an object of the present invention is to 

provide a bridge-girder suspension method capable of 

controlling the flutters and vortex induced oscillation 

generating on the bridge-girder and towers. 

Disclosure of the Invention 

A first aspect of the bridge-girder suspension method 

according to the pr~sent invention resides in that where·a 

\...../ bridge-girder is suspended by main cables supported by main 

towers through hanger ropes, a portion around the center of 

each of horizontal beams mounted in sequence· at a plurality of 

positions on each of the main towers in the direction of the 

height thereof and both sides of the bridge-girder are 

connected by obliquely extending auxiliary cables. 

Further, a second aspect of the bridge-girder suspension 

method according to the present invention resides in that 

where a bridge-girder is suspended by main cables supported by 

main towers through the hanger ropes, a portion around the 

center of each of horizontal beams mounted in sequence at a 

plurality of positions on each of the main towers in the 

direction of the height thereof and both side~ of the bridge-

girder are connected by a plurality of auxiliary cables 

extending obliquely down to the right side, and a plurality of 

auxiliary cables extending obliquely down to the left side, of 

the bridge-girder. 
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Still further, in the above-mentioned second aspect of 

the method according to the present invention, the pluralities 

of right and left auxiliary cables having their first ends 

connected to each of the horizontal beams are connected to 

both sides of the bridge-girder, respectively, in such a 

manner that outer the auxiliary cables are located with 

respect to the center of each of said horizontal beams, the 

closer the second ends thereof to the main tower to which the 

~ auxiliary cables are attached. 

According to the above-described first and second aspects 

of the bridge-girder suspension method of the present 

invention, a plurality of auxiliary cables extending obliquely 

from the central portion of each of the horizontal beams down 

to the right side, ·and a plurality of auxiliary cables 

extending obliquely from the central portion of the horizontal 

beam down to the left side, of the bridge-girder to thereby 

sµspend the bridge-girder, so that the torsional natural 

frequency increases and therefore, flutters and vortex induced 

oscillation harmful to the bridge-girder are controlled. 

Further, the horizontal beams arranged vertically along 

the main tower at predetermined intervals are connected to the 

bridge-girder by means of the auxiliary cables so that the 

main tower is restrained and thereby the vortex induced 

os.cillation generating on the main tower is controlled. 
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Brief Descriptio~ of the Drawings 

Fig. 1 is a schematic perspective view of a suspension 

bridge in a first mode according to the present invention; 

Fig. 2 is a perspective view of an essential part of the 

suspension bridge in the first mode, the view illustrating how 

auxiliary cables are arranged; 

Fig. 3 is a graph showing the natural frequency ratio 

between the use of suspens1on by auxiliary cables and the 

\.../ absence of suspension by auxiliary cables with respect to the 

bending and torsion of a bridge-girder of the suspension 

bridge in the first mode shown in Fig. 1; 

Fig. 4 is an illustration. of vortex induced oscillation 

generating on a main tower of the suspension bridge in the 

first mode; 

Fig. 5 is a perspective view of an essential part of a 

suspension bridge in a second mode according to the present 

invention; 
\.,. ..... / 

Fig. 6 is a perspective view of an essential part of a 

suspension bridge as a variation of the suspension bridge in 

the second mode; and 

Fig. 7 is a schematic perspective view of a conventional 

suspension bridge. 

Best Modes for Working the Invention 

The present invention will now be described with 
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reference to the accompanying drawings. 

First of all, the first mode of the suspension bridge 

according to the present invention will be described by 

r~ferring to Figs. 1 through 4. 

In Fig. 1, reference numeral 1 designates a suspension 

bridge which comprises main towers 2, main cables 3 suspended 

among the main towers 2 and between the outermost ones of the 

main towers and lands adjacent thereto, respectively, and a 

~ bridge-girder 5 extending between the lands through the main 

towers and suspended by hanger ropes 4 hanging down from the 

main cables 3 at predetermined intervals. 

Further, with respect to the suspension bridge 1, a 

plurality of horizontal beams 6 are mounted on each of the 

main towers 2 in spaced apart relationships with each other in 

the direction of the height of the main towers. 

Further, the central portion of each of the horizontal 

beams 6 and both sides of the bridge-girder 5 are connected by 

obliquely extending auxiliary cables 7. 

That is, the bridge-girder 5 is suspended by the main 

cables 3 through the hanger ropes 4 and also connected to the 

main tower 2 through the auxiliary cables 7. 

The auxiliary cables 7 are arranged to form a triangle 

(truss) as shown in Fig. 2. 

Of course, the auxiliary cables 7 are arranged not to 

intersect each other. For example, auxiliary cables 7A are 
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connected to the connection of a lowermost horizontal beam 6A 

and the lower end of a hanger rope 4A which is closest to the 

main tower 2, auxiliary cables 7B are connected to the 

connection of a horizontal beam 6B which is located second 

lowest from below and a hanger rope 4B located second closest 

to the main tower 2, and auxiliary cables 7C are connected to 

the connection of a horizontal beam 6C located third lowest 

from below and a hanger rope 4C located third closest to the 

'--1' main tower 2. 

As described above, since the intermediate portion of the 

bridge-girder 5 is connected (suspende.d) to the main tower 2 

by means of a plurality of auxiliary cables 7, the natural 

frequency in the torsional first symmetrical mode of the 

bridge-girder 5 increases. 

Accordingly, it is possible to control the generation of 

flutters harmful to the bridge-girder 5. 

Further, the above-mentioned flutters include a torsional 

v 
flutter and a bending-torsion coupled flutter. With either of 

these flutters, when the natural frequency in the first 

symmetrical mode increases, the wind velocity resulting 

therefrom becomes high. In the case of the bending- torsion 

coupled flutter, the suspension method has such an effect as 

to increase the frequency ratio between the bending first 

symmetrical mode and the torsional first symmetrical mode, 

which contributes to the inhibition of flutters. 
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In Fig. 3, there are shown the natural frequency ratios 

when the connecting position (indicated by x in Fig. 2) of the 

auxiliary cables 7 and the horizontal beam 6 of the main tower 

2 is varied. In Fig. 3, the axis of abscissa shows the 

distance from the central position of the horizontal beam 6 

on the main tower 2 up to the-connecting position x of the 

auxiliary cables 7, and the axis of ordinate shows the natural 

frequency ratio in the absence of the auxiliary cables 7. 

\ .... ./ From the graph of Fig. 3 it will be seen that even when 

the connecting position of the auxiliary cables 7 to the 

horizontal beam 6 of the main tower 2 is shifted from the 

central position of the horizontal beam 6, only the natural 

frequency drops a little and the effect of controlling the 

flutter can still .be expected. 

Further, since the main tower 2 and the bridge-girder 5 

are connected through the auxiliary cables 7 at predetermined 

intervals in the direction of the height of the main tower 2, 
i v 

the main tower 2 is restrained so that the generation of the 

vortex induced oscillation as indicated by a broken line (a) 

in Fig. 4 can be prevented. 

Next, the second aspect (mode) of the present invention 

will be described by referring to Fig. 5. 

In the above-described first mode (aspect) of the present 

invention, two auxiliary cables from each of the horizontal 

beams are connected to the bridge-girder with one of the 
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cables being connected to the right side, and the other being 

connected to the left side, of the bridge-girder. However, in 

the second mode of the present invention, a plurality of 

(actually two) auxiliary cables from each of the horizontal 

beams are connected to the right side, and the same number of 

auxiliary cables from the horizontal beam are connected to the 

left side, of the bridge-girder. 

That is, as shown in Fig. 5, there are provided two 

\.,.../. right-side auxiliary cables 7 and two left-side auxiliary 

cables 8 having their first ends connected to the central 

portion of each of the horizontal beams 6 on the main tower 2. 

Further, the second ends of these auxiliary cables 7 and 

8 are connected to both sides of the bridge-girder 5 in such a 

manner that, as the ~irst ends of the auxiliary cables leave 

away from _the center of the horizontal beam 6 to which they 

are attached, they are connected to the bridge-girder at 

positions closer to the main tower 2 at positions where the 

hanger ropes 4 are attached. 

For example, in Fig. 5, the fixing position of the second 

end of one of the auxiliary cables ·a located outside the 

center of the horizontal beam 6 is located at the fixing 

position of the hanger rope 4a which is closer to the main 

tower 2 than the connecting position (the fixing position of 

the hanger rope 4a) of the second end of the other of the 

auxiliary cables 7 located toward the center of the horizontal 
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beam 6. 

Further, as shown in Fig. 6, the two auxiliary cables 7 

and 8 provided for each of the right and left sides of the 

bridge-girder 5 may be spaced apart from each other by a 

predetermined distance s. 

In the above manner, where a plurality of auxiliary 

cables 7 and 8 for connecting the horizontal beam 6 and each 

side of the bridge-girder 5, an effect greater than the 

"-.../ flutter controlling effect by the first mode of the present 

invention can be obtained. 

According to the above-described bridge-girder suspension 

method, since the bridge-girder is suspended by the auxiliary 

cables extending from a portion around the center of each of 

the horizontal beams mounted on the main tower toward both 

sides of the bridge-girder, the torsional natural frequency 

increases artd accordingly,. it is possible to control the 

flutters and vortex induced oscillation harmful to the bridge-

girder. 

Further, since the horizontal beams arranged in spaced 

apart relationships with one another in the direction of the 

height of the main tower are connected to the bridge-girder by 

means of the auxiliary cables, the main tower is restrained 

and accordingly, vortex induced oscillation ge·nerating on the 

main tower can be controlled. 

Still further, even where pluralities of auxiliary cables 
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are arranged both right and left sides, respectively, the same 

or more effect can be obtained therefrom. 

Possibility of Industrial Use 

As described above, the method of suspending a bridge-

girder of a suspension bridge according to the present 

invention is suitable for suspending the bridge-girder of a 

huge suspension bridge having tall main towers and accompanied 

\..._.;· with a flutter and vortex induced oscillation on the bridge-

girder. 

[\.. .... / 
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WHAT IS CLAIMED IS: 

1. A method of suspending a bridge-girder of a 

suspension bridge, which method is characterized in that where 

the bridge-girder is suspended by main cables supported by 

main towers through hanger ropes, a portion around the center 

of each of horizontal beams mounted in sequence at a plurality 

of positions on each of the main towers in the direction of 

the height thereof and both sides of the bridge-girder are 

~ connected by means of obliquely extending auxiliary cables. 

2. A method of suspending a bridge-girder of a 

suspension bridge, which method is characterized in that where 

the bridge-girder is suspended by main cables supported by 

main towers through hanger ropes, a portion around the center 

of each of horizontal beams mounted in sequence at a plurality 

of positions on each of said main towers in the direction of 

the height thereof and both sides of said bridge-girder are 

connected by a plurality of auxiliary cables extending 

obliquely down to the right side, and by a plurality of 

auxiliary cables extending obliquely down to the left side of 

the bridge-girder. 

3. A method of suspending a bridge-girder of a 

suspension bridge according to Claim 2, wherein with respect 

to the auxiliary cables having their first ends connected to 

each of said horizontal beams and their second ends connected 

to both sides of said bridge-girder, the outer the auxiliary 
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cables are located from the center of each of said horizontal 

beams, the closer the second ends thereof to said main tower 

to which said auxiliary cables are attached. 
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