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ABSTRACT:

Stress-ribbon and Cable supported Bridge 
is the term describes the structures formed by 
directly walked prestressed concrete deck with the 
shape of a catenary . The bearing structure consists 
of slightly sagging tensioned cables, bedded in a 
concrete slab that is very thin compared with the 
span. A stressed ribbon bridge (also known as 
stress-ribbon bridge or catenary bridge) is primarily 
a structure under tension .A stress ribbon bridge is 
a tension structure, similar in many ways to a 
simple suspension bridge. The stress ribbon design 
is rare. Few people including bridge engineers are 
familiar with this form and fewer than 50 have 
been built worldwide. The suspension cables are 
embedded in the deck which follows a catenary arc 
between supports. Unlike the simple span the 
ribbon is stressed in compression which adds to the 
stiffness of the structure. Such bridges are typically 
made from concrete reinforced by steel tensioning 
cables. They are used mainly for pedestrian and 
cycling traffic. Stress ribbon bridges are very 
economical, aesthetic and almost maintenance free 
structure. They require minimal quantity of 
materials. At present studies, on combining stress 
ribbon bridges with cables or arches, to build most 
economical stress ribbon bridges. It makes the 
study of features of these particular bridges as an 
important one. The tension cables form the part of 
the deck which follows an inverted catenary 
between supports. The ribbon is stressed such that 
it is in compression, thereby increasing the rigidity 
of the structure where as a suspension spans tend to 
sway and bounce. Such bridges are typically made 
RCC structures with tension cables to support 
them. Such bridges are generally not designed for 
vehicular traffic but where it is essential, additional 
rigidity is essential to avoid the failure of the 
structure in bending.  

1. INTRODUCTION 
A stressed ribbon bridge (also stress-

ribbon Bridge) is a tension structure (similar in 
many ways to a simple suspension bridge). The 
suspension cables are embedded in the deck which 
follows a catenary arc between supports. Unlike the 
simple span the ribbon is stressed in compression, 
which adds to the stiffness of the structure (simple 
suspension spans tend to sway and bounce). The 
supports in turn support upward thrusting arcs that 

allow the grade to be changed between spans 
(where multiple spans are used). Such bridges are 
typically made from concrete reinforced by steel 
tensioning cables. Where such bridges carry 
vehicle traffic a certain degree of stiffness is 
required to prevent  
excessive flexure of the structure, obtained by 
stressing the concrete in compression. 

Stress Ribbon Bridges Philosophers, 
thinkers, intellectuals all appeal, please build 
bridges and not walls between different 
communities, nationalities, countries, languages 
etc, to achieve universal brotherhood. This can be 
achieved by constructing stress ribbon bridges. 
  Stress ribbon bridges are very economical, 
aesthetic and almost maintenance free structure. 
They require minimal quantity of materials. They 
are erected independently from the existing terrain 
and therefore they have minimum impact upon the 
environment during construction.  
  Stress ribbon bridge is the term used to 
describe structures formed by a very slender 
concrete deck in the shape of a catenary. They can 
be designed with one or more spans and are 
characterized by successive and complementary 
smooth curves. These curves blend in to natural 
environment and their forms, the most simple and 
basic of structural solutions. The stress ribbon 
bridge can be erected without undue pressure on 
the environment. 
 Stress ribbon bridges looks at how slender 
concrete deck are used in the design of suspension 
and cable stayed structures. It looks at their 
characteristic feature; their rigidity, which is 
mainly given by the tension stiffness of prestressed 
concrete decking so much so that movement caused 
by pedestrians or wind does not register as 
discomfort by users. As opposed to suspension 
bridges, where the cables carry the load, in stress 
ribbon, by tensioning the cables and the deck 
between the abutments, the deck shares the axial 
tension forces. Anchorage forces are unusually 
large since the structure is tightly tensioned. 
Pedestrian bridges (or footbridges as they are called 
in many parts of the world) have been used by man 
since antiquity to cross rivers, deep gorges and 
narrow mountain passes. One commonly used 
method has been to suspend a walkway from a 
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fibre rope catenary span somewhat similar to a 
primitive suspension bridge. 

The stress ribbon concept borrows the 
suspension bridge principle but develops it further 
by using high strength materials and modern 
engineering technology especially precasting and 
prestressing methods.  

Stress-ribbon is the term that has been 
coined to describe structures formed by directly 
walked prestressed concrete deck with the shape of 
a catenary. The bearing structure consists of 
slightly sagging tensioned cables, bedded in a 
concrete slab that is very thin compared with the 
span. This slab serves as a deck, but apart from the 
distributing the load locally and preserving the 
continuity, it has no other function. It is a kind of 
suspension structure where the cables are tensioned 
so tightly that the traffic can be placed directly on 
the concrete slab embedding the cables. Compared 
with other structural types the structure is 
extremely simple. On the other hand, the force in 
the cables is very large making the anchoring of the 
cable expensive is seen that stress ribbon b ridge is 
used in European countries for people to walk 
which reduces the traffic intensity on crowded 
roads. So in developing countries like India stress 
ribbon bridge can be a solution to traffic reduction 
in crowded area like Mumbai, Delhi, Bangalore 
and many more.  

 Stress-ribbon bridge is the term that has 
been coined to describe structures formed by 
directly walked prestressed concrete deck with the 
shape of a catenary   . The bearing structure 
consists of slightly sagging tensioned cables, 
bedded in a concrete slab that is very thin 
compared with the span. This slab serves as a deck, 
but apart from the distributing the load locally and 
preserving the continuity, it has no other function. 
It is a kind of suspension structure where the cables 
are tensioned so tightly that the traffic can be 
placed directly on the concrete slab embedding the 
cables. Compared with other structural types the 
structure is extremely simple. On the other hand, 
the force in the cables is very large making the 
anchoring of the cable expensive.In the case of 
precast structures, the deck is assembled from 
precast segments that are suspended on bearing 
cables and shifted along them to their final 
position. Prestressing is applied after casting the 
joints between the segments to ensure sufficient 
rigidity of the structures.. 

2. STRUCTURAL SYSTEMS 

The beauty of the suspension and arch 
structures comes from their economic structural 
shape. Their economy is evident from Fig.2.1a that 
shows the trajectories of principal stresses in a 
uniformly loaded simply supported beam. From 
the figure it is evident that the maximum stresses 

occur only at the mid-span section and only in the 
top and bottom fibers. The beam has a significant 
amount of dead mass that does not contribute at all 
to resisting the external loads. From the figure it is 
clear that if we want to reduce the weight of the 
beam we have to eliminate as much dead mass as 
possible and utilize the tension or compression 
capacities of the structural members. From the 
beam we can derive a suspension cable or an arch 
in which the horizontal force is resisted by an 
internal strut or tie – see Fig.2.1b; in the case 
where the foundations are capable of resisting 
horizontal forces, we can substitute the strut or the 
tie by stiff footings – see Fig.2.1c. 

 

Fig.2.1 – Cable and arch structure 

A uniformly loaded concrete arch can span several 
kilometers and a suspension cable can span even 
more. But their shape has to be funicular to the 
given load and the structures need to have an 
economic rise or sag. The layout of pedestrian 
bridges is influenced by two requirements. In cable 
supported structures, where the deck follows the 
shape of the cables, only limited slope with 
corresponding sag can be accepted. Furthermore, 
these bridges need to have sufficient stiffness that 
guarantees comfortable walking and the stability of 
the shape. It is therefore necessary to stiffen them. 
 
3.CABLE ANALYSIS 

Analysis of the stress ribbon and cable 
supported structures is based on an understanding 
of the static and dynamic behaviour of a single 
cable. 

In analysis we suppose that a cable of 
area A and modulus of elasticity E acts as a 
perfectly flexible member that is able to resist the 
normal force only. Under this assumption the 
cable curve will coincide with the funicular curve 
of the load applied to the cable and to the chosen 
value of the horizontal force H. 

The cable that for the load q(x)0 is 
stressed by a horizontal force H0 is for the load 
q(x)i stressed by a horizontal force Hi. This force 
can be easily determined by solving of a cubic 
equitation: 
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where Lni is a nontension length of the cable, k is 
an elastic deformation of the cable in anchor 
blocks and 

 

In flexibly supported cables the 
members a, b, c, d depend on the span li and 
vertical difference hi which again depend on 
horizontal force Hi, it is not possible to determine 
the unknown Hi directly by solving of the 
equation. Therefore it is necessary to determine 
Hi by iteration. First, the unknown Hi is 
determined for zero deformation of supports and 
zero elongation of the cable at the anchor blocks. 
For this force the vertical reactions Ai and Bi, 
span length li and vertical difference hi and 
members a, b, c, d and new horizontal force Hi 
are computed. The computation is repeated till 
the difference between the subsequent solutions 
is smaller than the required accuracy. 

The bending of the cable is derived from 
the analysis of a single cable which is stressed by 
the known horizontal force H . 

The bending moments 

 

in the single cable of the area A, moment of inertia 
I and modulus of elasticity E that is fixed into the 
supports a and b are determined by solving the 
equation: 

 

Where load g(x) and horizontal force Hg 
correspond to the stage without bending and q(x) 
and H correspond to the analysed stage. 

Direct solution of (3.2) is possible only for 
special cases. For example, the course of the 
bending moment M(x) in the vicinity of the support 
of a cable that is loaded by uniform loads g and q 
and the corresponding horizontal forces are Hg and 
H is solved for an infinitely long cable – see 
Fig.3.3a. The bending moment at the infinitely long 
cable that is loaded by point load F and by uniform 
load q (see Fig.3.3b) can be derive similarly. 

 

 
Fig.: Bending of the single cable 

 
The author, rather then solving the 

equations for different loading conditions, 
developed a program in which the deformation and 
corresponding shear forces and bending moments 
were solved using finite difference method . This 
approach enables to express a local stiffening of the 
cable and a supporting of part of the cable by 
Winkler springs. 

In the analysis the cable was divided into 
short elements of length h (in the actual structure a 
cable of the length of 100 m was divided into 
10,000 elements of a length of 0.010m) . The 
elements can have different stiffness given by EI 
and can be supported by springs of different 
stiffness. 

To realize the difference between the 
behaviour of the beam and cable, a stress ribbon 
and beam structure of spans L = 33.00, 66.00 and 
99.00 m loaded by uniform load and by vertical 
deflection of supports are presented here. The 
stress ribbon was modelled as a cable and analysed 
by the above process. 

The structure have an area A = 1.25 m2, 
moment of inertia I = 0.0065104 m4, and modulus 
of elasticity E = 36,000 MPa. The stress ribbon 
structures have sag at midspan fL/2 = 0.02 L, 
corresponding horizontal force Hg = gL2/8fL/2 = 
6.25(g.L) = 195.3125 L. The dead load g = 31.25 
kN/m does not cause the bending of the structure. 

On the contrary, the bending moments in 
the stress ribbon have significant values that in the 
longer spans are even higher that in the beam. 
Therefore it is necessary to carefully analyze the 
bending of cables (or prestressed bands) in 
structures where significant vertical deformations 
can occur – for example in cables of a cable 
supported structure. 

4. STRESS RIBBON STRUCTURES 

Stress ribbon bridges can have one or 
more spans. A lightly draped shape characterizes 
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this structural type. The exact shape of the stress 
ribbon structure is the funicular line of the dead 
load. Since these structures usually have a constant 
cross section and the sag is very small, they have 
the shape of the second degree parabola. 

Only in special cases is the deck cast in 
formwork supported by a falsework. Usually, the 
stress ribbon structures are erected independently 
from the existing terrain. The formwork or precast 
segments is suspended on bearing tendons and 
shifted along them into their design position. 
Prestressing applied after the casting of the whole 
band, or the joints between the segments, 
guarantees the structural integrity of the complete 
deck. 

The structural arrangement of stress 
ribbon bridges is determined by their static 
function and by their process of construction. 
During erection, the structure acts as a perfectly 
flexible cable during service as a prestressed band 
(stress ribbon) that is stressed not only by normal 
forces but also by bending moments . However, the 
shape and the stresses in the structure at the end of 
the erection determine the magnitude of the 
stresses that will occur in the structure during 
service. It was shown that significant bending 
moments in the stress ribbon structures originate 
only at the supports. Since along the whole length 
of the structure the deck is stressed only by normal 
forces, the deck can be formed with a very slender 
solid section that can be further reduced by waffles 
that create a coffered soffit. The minimum area of 
the deck is determined from the requirement that 
under the various loading condition (including 
prestress) there are limited or zero tension stresses 
in the deck, and that maximum compressive 
stresses are not exceeded. Since the bending 
moments due to the point load are low, the depth of 
the deck is essentially determined by the cover 
requirements of the prestressing steel. Usually the 
minimum depth guarantees a sufficient stiffness of 
the deck. 

The typical section of a stress -ribbon is 
not able to resist the bending moments that occur at 
the supports. The support bending moments can be 
reduced by: 

• Creating a flexible support member close to 
the supports. The function of this member is 
similar to the function of the neoprene rings usually 
designed for stay cables. 
• Supporting the stress ribbon with a saddle 
from which the band can lift during post-tensioning 
and temperature drop, and to which the band can 
return for a temperature increase. 
 
 

STATIC ANALYSIS 

What follows is a description of a 
simplified analysis that the author used in his first 
structures. This approach can be used for 
preliminary analysis or for checking results 
obtained from modern analytical programs 
discussed further. 

During the erection all loads are resisted 
by the bearing tendons that act as a cable. Since the 
tendons are not usually connected to the saddles 
they can slide freely according to the imposed load. 
Hence, the cables act as a continuous cable of m 
spans which crosses fixed supports. 

Since the stress ribbon structure is very 
slender, local shear and bending stresses develop 
only under point loads and at the supports. Because 
these stresses are relatively small, they do not 
affect the global behaviour of the structure. This 
makes it possible to analyze the stress ribbon 
structure in the final stage as a cable too. The 
analysis is done in two closely related steps: 

In step 1, the stress ribbon is analyzed as a 
perfectly flexible cable which provides the 
supports. The effect of prestressing is a shortening 
of the cable, which can be simulated as a 
temperature drop. The effect of creep and 
shrinkage can be analysed in a similar way. 
However, due to the redistribution of stresses 
between the individual components of the concrete 
section, an iterative approach has to be used. To 
facilitate this analysis, standard computer 
programs for continuous cables are used. It is also 
possible to isolate and analyse the individual spans 
for the given loads and for different horizontal 
support movements. From the requirement that 
horizontal force be the same at each span, the 
horizontal force (Hi) is obtained. With this, the 
deformations of the supports of the single spans 
can be calculated. 

In step 2, shear and bending stresses in 
single spans are calculated using the analysis of the 
bending of the simple cable – see Chapter 3. The 
cable is analyzed for the load q(x), and for the 
horizontal force and deformations of the supports 
that were determined in step 1. 

Modern structural programs utilizing 
Newton-Raphson method allow us to follow the 
behaviour of the stress ribbon structures both 
during erection and during service –see Fig.4.3.2b. 
These programs also need to capture the large 
deformation and the tension stiffening effects. The 
structure can be modelled as a chain of parallel 
members that represent bearing tendons (BT), 
prestressing tendons (PT), precast segments (PS) 
and cast-in-place slab (CS) or trough. Bearing and 
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prestressing tendons can be modelled as ‘cable’ 
members, for which the initial force or strain has to 
be determined. Precast segments and cast-in-place 
slab can be modelled as 3D bars or as shell 
elements that have both bending and membrane 
capabilities. 

Since the programs use so called ‘frozen 
members’ it is possible to model a change of the 
static system (from the cable into the stress ribbon) 
as well as the progressive erection of the structure. 
The program systems also contain so called 
‘contact’ members that only resist compression 
forces. These members can be used for the 
modeling of saddles from where the stress ribbons 
can lift up. 

In the analysis the initial stress in the 
tendons has to be determined. The initial forces are 
usually determined for the basic stage (see 
Fig.4.2.3c and 4.2.3d) where the structure changes 
from cable to stress ribbon. The initial forces in the 
cable are determined using the cable analysis. 

The analysis that starts from the basis 
stage can be used for both the analysis of the 
erection and service stages. The stresses in the 
structure during erection and the bearing tendons 
jacking forces are determined by simulating a 
progressive unloading of the structure. Since the 
superposition principle does not apply, the analysis 
of the service stage should be carried out according 
to the following flow chart. 

 
DYNAMIC ANALYSIS 

The dynamic response of the stress ribbon 
structures have to be carefully checked for 
vibration induced by people and wind. Also 
response to earthquake loading has to be verified. 
Typically, the first step is to determine the natural 
modes and frequencies followed by a check of the 
dynamic response due to the moving load. For 
preliminary calculations the vertical natural modes 
can be determined using the formulas for vibration 
of a simple cable. The dynamic test has proved 
their validity. 

For final design the dynamic analysis 
should be done with a calculation model that 
includes non-linear analysis. It is important to 
realize that the dynamic analysis is usually linear 
and that most programs are able to describe the 
special behaviour of the stress ribbon and cable 
supported structures only by using the so called 
tension stiffening effect. 

A typical one span stress ribbon structure 
is characterised by natural modes that are presented 
in Fig.4.4.1. The vertical modes are denoted as A 

and B; the first swing mode is denoted as C; and 
the first torsional mode is denoted as D. Due to the 
vertical curvature of the prestressed band, a 
horizontal movement is always combined with 
torsion and it is therefore difficult to find a pure 
torsional mode. Since the vibration following the 
first vertical mode (A) requires an elongation of the 
cable, the corresponding frequency is in some cases 
higher than the frequency of the second vertical 
mode (B). 

When analyzing multi-span structures it is 
noted that the bridge behaves as a continuous 
structure only when there is horizontal 
displacement of the supports. For a small load, as 
caused by a group of pedestrians, the change of 
stresses is very small and the individual spans 
behave as isolated cables. Therefore, when the 
structure is checked for motions that can cause 
unpleasant feeling, the dynamic analysis should be 
done for the individual spans in addition to the 
overall structure. 

 
Fig.4.4.1 Natural modes 

STRESS RIBBON SUPPORTED BY ARCH 

The intermediate support of a multi-span 
stress ribbon can also have a shape of the arch - see 
Fig.4.6.1. The arch serves as a saddle from which 
the stress ribbon can rise during post-tensioning 
and during temperature drop, and where the band 
can rest during a temperature rise. 

In the initial stage the stress ribbon 
behaves as a two span cable supported by the 
saddle that is fixed to the end abutments – see 
Fig.4.6.1b. The arch is loaded by its self weight, 
the weight of the saddle segments and the radial 
forces caused by the bearing tendons – see 
Fig.4.6.1c. After post tensioning the stress ribbon 
with the prestressing tendons, the stress ribbon and 
arch behave as one structure. 
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Fig.4.6.1 Stress ribbon supported by arch 

The shape and initial stresses in the stress 
ribbon and in the arch can be chosen such that the 
horizontal forces in the stress ribbon HSR and in the 
arch HA are same. It is then possible to connect the 
stress ribbon and arch  footings with compression 
struts that balance  the  horizontal forces.  The 
moment created by horizontal forces HSR.h is then 
resisted by the ∆V.LP. In this way a self anchored 
system with only vertical reactions is created – see 
Fig.4.6.1d. 

The author believes that a structural 
system formed by a stress ribbon supported by an 
arch increases the filed of application of stress 
ribbon structures. Several analyses were under 
taken to verify this. The structures were checked 
not only with detailed static and dynamic analysis, 
but also on static and full aeroelastic models. The 
tests verified the design assumptions, behaviour of 
the structure under wind loading and determined 
the ultimate capacity of the structural system. 

The model tests were done for a proposed 
pedestrian bridge across the Radbuza River in 
Plzen. This structure was designed to combine a 
steel pipe arch with a span length of 77.00 m and 
‘boldness’ of 973 m (ratio of square of the length L 
divided by the rise f) with a stress-ribbon deck. The 
behaviour of the structure was confirmed by 
detailed static and dynamic analysis performed 
with the program system ANSYS CIVIL FEM. 

Load transfer mechanism of stress ribbon 
bridge 

A typical stress ribbon bridge deck 
consists of precast concrete planks with bearing 
tendons to support them during construction and 
separate prestressing tendons which are tensioned 
to create the final designed geometric form. The 
joints between the planks are most often sealed 
with in-situ concrete before stressing the deck. The 
prestressing tendons transfer horizontal forces in to 

the abutments and then to the ground most often 
using ground anchors. The tendons are encased in 
ducts which are generally grouted after tensioning 
in order to lock in the stress and protect them from 
corrosion. Since the bending in the deck is low, the 
depth can be minimized and results in reduction in 
dead load and horizontal forces in abutments. The 
abutments are designed to transfer the horizontal 
forces from the deck cables into the ground via 
ground anchors. Pedestrians, wind and temperature 
loads can cause large changes in the bending 
moments in the deck close to the abutments and 
accordingly crack width sand fatigue in 
reinforcement must be considered. The soil 
pressure, overturning and sliding has to be checked 
for construction as well as permanent condition. 
The ideal ground condition for resisting large 
horizontal forces from the ribbon is a rock base. 
This occurs rarely but suitable foundations can be 
devised even if competent soils are only found at so 
me depth below the abutments. In some case where 
soil conditions do not permit the use of anchors, 
piles can also be used. Horizontal deformations can 
be significant and are considered in the design. It is 
also possible to use a combination of anchors and 
drilled shafts. Battered micropiling is another 
alternative which can resist the load from the 
ribbon because of its compression and tension 
capacity.  

5.SUSPENSION STRUCTURES 

Suspension structures are described in 
many excellent books. Therefore only additional 
information about suspension structures with 
slender deck is discussed in this chapter. 

5.1.STRUCTURAL ARRANGEMENT 

A suspension cable can be anchored into 
the soil (see Figs.5.1.1) and form a so called earth 
anchored system; or it can be anchored into the 
deck and create self anchored systems (see 
Figs.5.1.2). The suspension cables can be situated 
above the deck, under the deck or above and under 
the deck. 

 
 

Fig 5.1.1 Earth-anchored suspension 
structure: a) erection, b) service 

 
 The suspension cable has a funicular 
shape owing to the self-weight of the structure – it 
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balances the effects of the self-weight and 
guarantees that the structural members are stressed 
by normal forces only. For service loads the 
suspension structure forms a complex system in 
which the deck distributes the load and all 
structural members contribute to the resistance of 
the structural system. The advantage of the earth 
anchored system is that the erection of the deck can 
be done independently on the terrain under the 
bridge. However, the suspension cables have to be 
erected at first and the anchor blocks have to 
transfer a large tension force into the soil. 

 

6. CABLE STAYED STRUCTURES 

Cable stayed structures have been described in 
several excellent books. Therefore only additional 
information about structures formed by slender 
deck is presented in this chapter.  

6.1 STRUCTURAL ARRANGEMENT 

Cable stayed structures are formed by a 
slender deck that is suspended on stay cables 
anchored in the tower and deck. It is possible to 
anchor back stays in the soil and create totally or 
partially earth cable stayed structure. But from 
economical reasons this solution makes sense only 
in special cases and/or for structures of long spans. 
The prevailing portion of the cable stayed 
structures is formed by self anchored systems that 
stress the footings by vertical reactions only. The 
cable stayed structures usually do not utilize 
increasing of the stiffness of the structural system 
by anchoring of the deck at the abutments. 
However, the advantage of restricting the 
horizontal movement at the abutments was 
demonstrated by the author in his latest designs of 
the pedestrian bridges that will be built in Eugene, 
Oreg on, USA, and Bohumín, ČR. 

6.2 STATIC ANALYSIS 

The cable stayed structures can be analysed 
similarly to suspension structures as geometrically 
nonlinear structures. The stay cables can be 
modelled as suspension cables, the towers and deck 

by 3D bars or shell elements. However, the larger 
stiffness of the cable stayed structures given by the 
height of the towers and by an initial tension in the 
stay cables allows substituting the stay cables by 
bar elements. If the tension stiffness of the deck is 
not utilized, the cable stayed structure can be 
analysed linearly and it is possible to use a 
superposition of the static effects.  

Then the structure can be analysed in two 
steps. In the first step, the stresses due to the dead 
load and prestress are determined. In the second 
step the structure is analysed as common structures 
by linear programs. Since the cable stayed 
structures usually form progressively erected 
hybrid systems, the time dependent analysis is 
mandatory. 

The stay cables that are anchored at 
towers and the deck behave as cables that are 
loaded by their own weight and by deflection of 
their supports. 

6.3.REDISTRIBUTION OF STRESSES 

It is known that a significant redistribution 
of stresses can occur in structures that change their 
static system during construction. The significance 
of this phenomenon is illustrated on an example of 
a simple cable supported structure.Concrete is a 
natural material and therefore the structure tries to 
behave naturally – as a continuous beam. In this 
case a larger redistribution of stresses is obtained 
for the old Mörsch creep function. It is important to 
realize that for the force N = R there is no 
redistribution for both creep functions. The 
structure keeps its shape and the stresses are 
constant in time. Their values do not depend on the 
adopted creep function. Since it is difficult to 
design a structure in which the stresses are 
changing in time, it is very important to design an 
initial stage such that the redistribution of stresses 
is minimal. In case the deck is suspended on arches 
or pylons, the initial forces in the stay or 
suspension cables have to determined from the 
condition of zero deck deflection at the anchor 
points. 

7. CURVED STRESS RIBBON & FLAT ARCH 
BRIDGES 

Recently, several noteworthy curved 
pedestrian bridges, in which decks are suspended 
on their inner edges on suspension or stay cables, 
have been built. However, curved stress ribbon or 
flat arch bridges have not been built so far. 
Therefore it is decided to study these structures 
analytically and verify their function on a static 
model. 

The structure is formed by slender deck 
that is supplemented by steel L frames supporting 
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the slab. The tops of their vertical portion are 
connected by steel pipes in which the strands are 
placed. Radial forces originating in the strands 
during their post-tensioning load the structure. The 
vertical components of these radial forces balance 
the dead load. The horizontal components balance 
the dead load’s torsion moment and load the 
structure by horizontal radial forces. Since the 
stress ribbon is fixed into the abutments, these 
forces create uniform compression in the deck. 

This design has been developed from the 
above approach of curved stress-ribbon. However, 
for resisting of the effects of the live load, it is 
necessary to add additional cables that have very 
complicated arrangement. Therefore a torsion ally 
stiff member of the pentagon cross section is 
added. The maximum longitudinal slope at the 
abutments is 7%. Both the concrete slab and the 
steel girder are fixed into the anchor blocks. The 
external cables are situated in the handrail pipe and 
are anchored in end concrete walls that are fixed 
into the anchor blocks. Horizontal forces are 
resisted by battered micro piles. The detailed static 
and dynamic analyses have proved that the 
structure is able to resist all the design loads. 

8. IMPROVED RIBBON BRIDGE 

Improved Ribbon Bridge (IRB) is a 
modern floating bridge system developed by 
General Dynamics European Land Systems 
(GDELS), a business unit of General Dynamics. It 
is designed to provide ground forces with the 
capability to transport heavy military equipment 
such as loaded heavy equipment transporter (HET), 
weapons systems, wheeled / tracked combat 
vehicles, trucks, suppliers and troops over rivers 
and wet gap obstacles. The IRB entered service 
with the US Army in 2002, and is also operational 
with the Swedish Army, German Army and the US 
Marine Corps (USMC). 

9. CONCLUSION 
 

Recent designs of the stress ribbon and 
cable supported structures have confirmed that a 
slender concrete deck supported by internal and/or 
external cables can be very efficient. However, 
their design have to be based on understanding the 
function of the cables, their tension and bending 
stiffness and on understanding  the function of the 
prestressed concrete deck. 

The work explains all important aspects of 
the design and proves the correctness of the 
solutions on built structures. The function of the 
structures was verified by static and dynamic 
loading tests and by a performance of the bridges. 
At present, curved bridges formed by a slender 

concrete deck utilizing a space arrangement of the 
cables and prestressing tendons are being studied. 
Stress ribbon bridges are a versatile form of bridge, 
the adaptable form of structure is applicable to a 
variety of requirements. The slender decks are 
visually pleasing and have a visual impact on 
surroundings giving a light aesthetic impression. 
Post tensioned concrete minimizes cracking and 
assures durability. Bearings and expansion joints 
are rarely required minimizing maintenance and 
inspections. There are also advantages in 
construction method, since erection using pre-cast 
segments does not depend on particular site 
condition and permits labour saving erection and a 
short time to delivery. Using bearing tendons can 
eliminate the need for site form work and large 
plant, contributing to fast construction programmes 
and preservation of the environments. There is a 
wide range of different topographies and soil 
conditions found and a number of areas which 
require aesthetic yet cost effective pedestrian 
bridges to be built: Stress ribbon bridges could 
provide elegant solutions to these challenges. 
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