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1.1 Design fundamentals

1.1.1  General

The position of cable-stayed bridges within all bridge systems is
given in Fig. 1.1. Their spans range between continuous girders and
arch bridges with shorter spans at one end, and suspension bridges
with longer spans at the other.
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Figure 1.1 (left side above) Relation between construction costs per m?2

and main span length
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4 Preliminary design
of cable-stayed bridges
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Furthermore, such preliminary designs permit completely inde-
pendent checking of computer calculations, in order to avoid the
computer being used as ‘black box’, the results of which are accepted
without questioning them.
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These preliminary design principles have been used and partly
developed by the author in order to size his first cable-stayed bridges
during a time when high capacity computers were hardly available
and were only used for the final design of systems based on prelimi-
nary calculations.
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1, (E2) EREREHEWRA:

The economic main span range of cable-stayed bridges thus lies
between 100 m with one tower and 1100 m with two towers.
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2. (£3) EMRZE:

What are the special advantages of cable-stayed bridges?

RHIR 9 B

EHAETHEGDAET] FEFRERE, CECHEMBENRRET, CRAEND?
3. (EI) WEFE., WMEHSAE:
First of all the bending moments are greatly reduced by the load
transfer of the stay cables, Fig.1.2. By installing the stay cables with
their predetermined precise lengths the support conditions for a
beam rigidly supported at the cable anchor points can be achieved
and thus the moments from permanent loads are minimized, Fig. 1.3.
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5. (£1) FEHR. X RBRIAHE:

Negative live load moments may occur over the vertical bearings
at the towers. They can be avoided by supporting the beam by the
stay cables only, including in the tower region. The biggest positive
and negative moments occur in the side spans near the hold-down
piers, which may require special measures. Shear forces remain
small.
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6. (FKAA) PE#HIR:
The basic load-bearing behavior of cable-stayed bridges is out-
lined in Fig. 4.1 from [2.112]. Loads in the main span are carried by
the forestays to the tower heads and from there anchored by tension
via the concentrated backstays in the anchor piers. The inner stay ca-
bles of the side spans receive virtually no forces at all from this load-
ing. The horizontal cable components act in compression in the
beam and equal one another out - look forward to Fig. 4.4b, c.
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7. (KR4 PEHR:

Loads in a side span are transmitted by the side span cables to the
tower head and from there via compression (meaning reduction of
tensile forces from permanent loads) in the backstays to the anchor
piers where they cause compression. The horizontal components of
the side spans are balanced by those of the backstays by tension in
the side spans, Fig. 4.4d, e.
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The backstays are thus governing the stiffness of a cable-stayed
bridge and receive important load changes.
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9. PEHIR:
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The ratio between side spans I; and main spans I, Fig. 4.2, influ-
ences strongly the stress changes in the backstay cables. Live loads in
the main span increase the stresses from permanent loads, while live
loads in the side spans decrease them. These stress changes must not
exceed the permissible fatigue range of the actual stay cable system.
These fatigue stresses increase with increasing span ratios.
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nent loads increasingly with increasing span ratios. In this way the
effective cable stlffness decreases
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A good ratio of span length is thus important for an economic de-
sign of cable-stayed bridges [1.6]. Fig. 4.2 outlines the above consid-
erations for the backstay cable stresses. Vertically the ratio of live
load to dead load is given, horizontally the main span length.




To the right of the nearly vertical straight line the tensile forces
are governing for an assumed minimum cable stiffness of E.4 =
180000 N/mm?, to its left a fatigue range of Afg = 200 N/mm? for
40% of live load is governing. The curves within the diagram give

the span ratio.
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For concrete road bridges the ratio between live load to dead load

often comes to about 0.25. The corresponding span ratio of I;:1= 0.4
for a typical main span of 400 m gives the same amount of cable steel

required for maximum cable load and fatigue range.
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Figure 4.2 Relationship between span ratios and cable stresses
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Fig. 4.3 also gives formulas for an approximate determination of
the total amount of cable steel required. This can be very helpful
when comparing the costs of different preliminarily bridge systems.
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The loads of cable-stayed bridges are predominately carried by
normal forces by exploiting the large structural depth between beam
and tower tips. The moments in the beam and the towers are mainly

caused by restraint, which means that they are not necessary for load
balancing.

i R A RHRLBRAT A, RS 0% A
e e B R R L O
i 9] :

() EEAWAAEAENER? PXE RN TFEEERN \ET, CHETRE— T

b) “RAARTHERMEL" | HEXRET? Ras b/l oK \ 52

et B RR: ARAEREE b= B 5 2 AW B YR A B A A

17, HHEE:




4.1.3 Normal forces of articulated system
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For the approximate calculation of the beam moments the beam
with its actual bending stiffness is isolated from the complete struc-
tural system.
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The approximate system for the beam is a beam elastically supported
at the cable anchor points, Fig. 4.7 a. In a first step the cables are re-
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placed by springs, Fig. 4.7b, in a second step these individual springs
are spread out to a continuous elastic support, Fig. 4.7 c.
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The governing characteristic for a beam on elastic foundations is
the elastic length L, which is proportional to the 4th root of the ratio

of beam stiffness to the elastic support, Fig. 4.7.

i 9]«

(@) fram| “siEKE” ? LT EREKES?

(b) “ERNEFBEHNLEZMALER? BEERNE/ZRBMED? LA R R F A EE R (E N 27
AR R AR?

BEXEE: vRERG#M HENRE A HR 7R R ER,

22, PEHIR

R O S =2

The bedding factor c is determined from the vertical displacement

due to a unit load on the articulated system divided by the cable dis-
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A comparison of the positive moment influence line for a beam

on elastic foundation with the moment influence line of the actual

bridge calculated by computer shows in general good agreement,

Fig. 4.9 [1.3]. The approximation is better the more slender the beam

is. For very stiff beams, for example double-deck bridges, the agree-

ment is not as good. The negative moment influence lines do not

show good agreement.
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An overview of typical loads and action forces of a cable-stayed
concrete bridge (Pasco-Kennewick Bridge) is shown in Fig. 4.10
[1.15]. The envelopes for moments and normal forces from the live
load are given in 4.10f. The effective widths for bending can be de-
termined in accordance with national codes. The appropriate effec-

tive lengths | are load dependent:
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Figure 4.10 Typical loads and action forces of a capla
(Pasco-Kennewick Bridge)
a) dead weight
| b] prestress |
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€d concrete bridge

- For permanent loads which are approximately determined for a
beam rigidly supported at the cable anchor points the effective
length is the cable distance. It can, however, also be argued that
the loading ‘permanent loads’ consists of the superposition of the
two loadings ‘dead load acting on the elastic system” and ‘cable
shortening’, which each have long influence lengths. As a com-
promise the action forces can be determined for the long effective
lengths (dead load, cable shortening), but the corresponding
stresses under permanent loads from the short effective lengths
between cable anchor points.
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To understand the inner workings of a cable-stayed bridge it is
interesting to know in which way - for a given bridge system under
given loads - the stresses are related to the beam depth. Fig. 4.11 left
explains that for an idealized cross-section comprising only top and
bottom chord the bending stresses from transient loads are indirect-
ly proportional to the beam area only, but are independent of the
beam depth:
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This result is at first glance perplexing. It can be explained by the fact
that the moments from transient loads are primarily restraint loads
which solely depend on the curvature of the beam. For a stay system
with a given stiffness, the radius of curvature becomes bigger the
greater the depth and thus the greater the stiffness of the beam be-
comes.

For a solid cross-section, Fig. 4.11 right, the bending stresses are
indirectly proportional to the square root of the beam depth [4.57]:
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4.1.4.2 Buckling - non-linear theory

The slenderness of a beam finds its lower bound by the required
safety against buckling. The safety against buckling for a long beam
on elastic foundation with end supports is shown in Fig. 4.12. This
approximation assumes a constant elastic support and a constant
normal force [4.2]. For the beam of an actual cable-stayed bridge,
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31,
When investigating this problem Man-Chung Tang [4.3] has

shown that the governing location for the determination of the over-
all safety against buckling is near the tower, which means that the

elastic support and the normal force of the beam near the tower are
representative of the whole beam.
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Fig. 4.12 shows, for the Pasco-Kennewick Bridge [1.15], the run
of the normal force and the elastic supports over the length of the
bridge which give local safeties against buckling between 8.4 and
13.2, Fig. 4.12a and b. The exactly determined overall safety against
buckling comes to 12.7, Fig. 4.12¢, near the tower as predicted by
Man-Chung Tang.
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Important for the bridge design is not so much the safety against
buckling, which is a more theoretical value, but the non-linear in-
crease of moments (P-§ effect, second order theory). In a first ap-
proximation this increase may be calculated from the local safeties
against buckling. The example in Fig. 4.13 [1.15] for a cable-stayed
concrete bridge shows a non-linear increase of moments of 9 %. This
very approximate method gives the designer early on a feel of the
susceptibility of a design.
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For the preliminary calculation of the action forces under permanent
loads rigid supports of the beam are introduced at its cable anchor
points. For this continuous beam on rigid supports the moments are
determined. The cable forces are determined from the support reac-
tions.
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35. HPL/\HE

This run of moments on rigid supports is generally chosen for a
concrete beam in the final stage because only these moments are not
subject to creep, Fig. 4.14 and Section 5.3.
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For steel beams, that run of moments under permanent loads in
the final stage is selected which requires the minimum of steel in
combination with live loads. Since the positive live load are govern-
ing, a negative run of moments under permanent loads is often se-
lected.
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Figure 4.13 Non-linear increase of moments
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