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Cable Systems for Bridges
Systémes de cables pour les ponts

Kabelsysteme fir Briicken

NIELS J. GIMSING

Professor

Technical University of Denmark
Copenhagen, Denmark

SUMMARY

It is shown that the application of a fan shaped cable system will reduce the amount of cable steel sig-
nificantly compared to the suspension system. Furthermore, it is shown that the earth anchoring of the
back stay in a fan shaped cable system can reduce the normal forces acting on the stiffening girder.

RESUME

Il 'est montré qu‘un systéeme de cables en forme d'éventail permet une réduction importante du poids
des cables par rapport au systéme suspendu. En outre, il est montré que |'ancrage dans le sol du cable
d’arrét d'un systeme de cables en éventail peut réduire les forces normales agissant dans la poutre.

ZUSAMMENFASSUNG

Es wird gezeigt, dass mit einer bischelférmigen Kabelanordnung eine bedeutende Gewichtseinsparung
der Kabel erbracht werden kann, wenn diese mit der herkdmmlichen Kabelanordnung der Hangebriik-
ken verglichen wird. Zusatzlich wird gezeigt, dass bei einer biischelférmigen Kabelanordnung eine Erd-
verankerung der dusseren Schragseile eine Reduktion der im Briickentréger vorhandenen Normalkraft
erzielt werden kann.
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INTRODUCTION

In cable supported bridges, the cable system is generally designed
for dead load and for traffic load distributed over the whole span
length. Applying uniform load to the cable systems will therefore
give a good picture of the efficiency of the different systems.

In this paper, the following three cable systems will be treated:
(a) The Suspension System, (b) The Fan System and (c) The Harp Sys-
tem, shown in Figure 1 as pure cable systems with all elements in

tension.

FFFLF VST T 31011

Suspension System, Fan System and Harp System as pure Cable Systems.

Figure 1.
The theoretical quantity of cable steel Q for a given cable sys-
tem can be determined by the summation: Q~ = Z(y/0)NX, where N

is the cable force, A the length of each®cable element, vy the
density of the cable material and o¢ the limiting stress (allow-

able cable stress).
THE SUSPENSION SYSTEM

For a suspension system, the right half of which is shown in Figure

2, the quantity of cable streel QcS can be determined as follows:
n ., . n 2
— 5Yprl a? i(i-1) nn+1),_» 4h .2
Qs = %Plan+ MH+ * pmeaht P @ tarma et )]

where the first term is the quantity of the cable 0-1, the second
term the quantity of the hangers (summation of i-i') and the third
(n+1y
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Figure 2. Geometry and Nomenclature for the Suspension System.
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term the quantity of the main cable 1-(n+1)' (summation of
it=(i+1) ") .

Q.g = 2nP(h+ (n+1) (2n+ N )Y (1)

THE FAN SYSTEM

For a fan system as shown in Figure 3:
Yo i o 1,22, 2 . 2.2 2]
Q= ZEP(i;(n'lJ’”(l'?)TJ’ 51[(n—1+1) a® +hilg)
the first term being the summation of 0-i and the second the sum-
mation of i+1 - (n+1)°'.

Qup = 2nP(h+(n+1)(2n+1)—)Y (2)

thus leading to exactly the same expression as (1).
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Figure 3. Geometry and Nomenclature for the Fan System
THE HARP SYSTEM
For a harp system (Figure 4) the horizontal force H will be the

same as for the suspension and fan systems if b = 2h/(n+1). 1In
this case, the quantity of cable steel QcH will be:
n n
Y P 1, 1 1 4h? .
QCH_2 [22n+1)(l _)+ 22(1'1"'1)(3 +W)(n+1_l)]

=1 =1
the first term being the summatlon of 0-i and the second the sum-
mation of i-i'

0 =2nP(h+(n+1)(2n+1) )‘f (3)

cH
again the same expression as (1)

THEOREM ON THE CONSTANCY OF THE QUANTITY OF CABLE STEEL

From the above investigations the following theorem can be deducted:

The theoretical quantity of cable steel is the same for the suspen-
ston system, the fan system and the harp system under uniform load
provided they are all made as pure cable systems (with all elements
in tenmsion) and with the same horizontal force.

This result might seem to be astonishing as several other investiga-
tions have revealed that the quantity of cable steel in the cable
stayed systems is considerably lower than in the suspension system.
However, the explanation on this divergency is that in the cable
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Figure 4. Geometry and Nomenclature for the Harp System

stayed systems only the inclined elements are made of cable steel,
whereas the horizontal elements are formed by the siffening girder.

CABLE STEEL OF THE FAN SYSTEM

Assuming that only the inclined elements of the fan system (the
stays) are made of cable steel leads to the following gquantity:

n 2
Ry £ o 2.2 211 _ a vy
Qch 2GPi§1[(n i+1)%a“+h ]h 2nP(h+(n+1)(2n+1)6h)0 (4)
For a multi-cable system with a large number of stays, the value
for n»*® can be used with sufficient accuracy:

Q. = plih, +-2)Y (5)
cFs F 12hF g
where p is the load per unit length, 1 the span length and hF

the height of the fan system.

Using the same procedure for the suspension system leads to:

QcS

where hS is the height of the suspension system.

The ratio ¢ between the quantity of cable steel in the fan system
and in the suspension system can consequently be expressed by:

_ 12 .y
= pl(hS+8_hS_)E (6)

2 2
o = Qch ~ 21 +24hF hS -
= . = —
QCS 31 +24hS hF
With the realistic values h,./1 = 0.1 and h_/h. = 1.5 , @ becomes

0.52, e.g. the cable steel fgr the fan systgm %s only about half of
that needed for the suspension system.

NORMAL FORCES IN THE STIFFENING GIRDER OF THE FAN SYSTEM

In Figure 5, three different structural systems for a 3-span bridge
with fan shaped cable systems are shown.

In system A the siffening girder has expansion joints at the py-
lons and fixed bearings at the ends giving a system corresponding
to the pure cable system with tension in all elements.

In system B the stiffening girder is continuous and with movable
bearings at the ends, giving a self anchored system with compression
in the stiffening girder.
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SYSTEM A

Figure 5. Structural Systems for Bridges with Fan Shaped Cable Systems.

In system C the back stay is anchored to an anchor block, and the
stiffening girder continuous with movable bearings at the ends. 1In
this case the stiffening girder will be subjected to both tension
and compression.

The variation of the normal force in the stiffening girder is de-
termined by integrating dN = p(x/h)dx, where dN is the normal
force produced by the load pdx in the distance x from the pylon.
For system A: N=0 at the pylons, for systems B: N=0 at the cen-
tre of the main span, and for system C: N=A at the ends.

= 1P
System A: N(x) = [ dN = 5 sz
o
111/2 1 P, » l%
System B: N(x) =- dN = =5 =(x? - =) (8)
¥ 2 h 4
System C: N(x) =-f 2an = % %(xz-lé)
X

SYSTEM C (-1,.0) Ve AR §

Figure 6. Variation of Normal Forces in the Stiffening Girder for the System
shown in Figure 5.
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In Figure 6 this variation of the normal forces is indicated.

The influence of the normal forces on the quantity of additional
steel in the stiffening girder can approximately be expressed by
calculating the area under the normal force curve: =[|N(x) |dx.
However, as the stiffening girder generally possesses a capability
of transmiting normal forces up to a certain value N_, without
requiring strengthening, only the shaded areas in Figure 6 should
be included in AN.

In Figure 7 the variation of with the span length 1 1is shown.
Note that system B will be considerably more material consuming
than the other systems for span lengths exceeding the value 1

For 1 = 41 the additional material required in the stiffening
girder of system B will be more than 8 times larger than for
system C.

It should, however, be considered that the more expensive stiffen-
ing girders of system B will in many cases be balanced out by the
cheaper substructure subjected to vertical forces only. This is
especially true for smaller spans, as those found in the present
cable stayed bridges.

With increasing spans the savings in the superstructure of system
C will probably make this the optimum solution unless the soil con-
ditions are extremely unfavourable for the construction of anchor
blocks.

System A will in no cases be superior to system C.

1 2 3 4 5 6 7 8 g 10
Figure 7. Intensity of the Normal Force Acting on the Stiffening Girder.
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