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Description
Technical domain of the invention

[0001] The invention relates to the design and con-
struction of bridges and other civil engineering structures,
for roads, railways or other purposes, consisting of at
least one arch and one deck.

[0002] The arch may be made of any material, having
any geometric shape, with a curved or polygonal axis
and any cross section. Theinvention enables in particular
the construction of bridges with slender arch and thin
deck for large spans.

[0003] Itis considered slender any arch with a low ratio
"la/La" between the inertia "la" of the cross section and
the span "La", which can be zero in the case of an artic-
ulated arch with interior hinges. It is considered thin a
deck with a low ratio between the inertia "Id" of its cross
section and the arch span "La".

[0004] In known concepts for arch bridges, high ex-
penditures are necessary for obtaining bending stiffness
of the arch or of the deck, to equilibrate external loads
for which the arch has no anti-funicular shape. For large
spans, the arch or the deck have large cross-sections,
to resist the inherent high bending moments.

[0005] The reduced bending stiffness of the slender
arch and thin deck is compensated by controlled stiffness
addition to the structure by means of prestressed ties,
such as steel cables.

[0006] The mobilization of the prestressed ties stiff-
ness, in tension or relative compression, results in forces
thatdirectly balance the externalloads, transmitting them
to the foundations. On the other hand, the system of ties
associated with the slender arch and the thin deck, en-
ables equilibrium of loads for which the arch does not
have anti-funicular shape, such as variable live loads.
[0007] Inthe invention, the external anchored ties sys-
tem is the main responsible for balancing of variable
loads, so that the bending stiffness and strength of arch
and deck can therefore be reduced.

[0008] Intheinvention, the configuration of the ties sys-
tem can be adjusted to the geometric available condi-
tions, in particular to the relative position of arch and deck.
The efficiency of the additional stiffness system increas-
es with the verticality of the ties. The maximum efficiency
corresponds to the vertical direct connection between
the arch and the ground.

[0009] The ties system configuration may imply axial
forces in the deck. In order that those forces are com-
pression only, intermediate expansion joints (4) may be
adopted in the deck, which must be fixed longitudinally
with double supports (6).

Summary of the Invention
[0010] The invention is characterized by controlled ad-

dition of stiffness to arch bridge structures, through per-
manent ties systems (3) prestressed between external
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anchorages (8) and the arch (1) or the deck (2), in order
to mobilize reactions. The prestressed ties (3) can be
arranged in different configurations, with inclined or ver-
tical axis, connecting either the arch (1) or the deck (2)
to the ground.

[0011] The ties (3) are prestressed in order to remain
tensioned under the effect of external actions, ensuring
effective addition of stiffness both in tension and in rela-
tive compression.

[0012] The stiffness of the ties system (3) depends on
the area of the respective cross section and on the incli-
nation of the respective axes. By increasing the verticality
of the ties it is possible to increase the added stiffness
without increasing the cross section.

[0013] With the installation of ties system (3) it is pos-
sible to develop compressive forces in a slender sym-
metric arch, even for extreme cases of anti-symmetrical
loading, since the deformation of the flexible arch is com-
patible with the activation of the ties (3) stiffness.
[0014] Theinventionrelatesto an arch bridge structure
according to claim 1, with internal hinges, comprising por-
tions articulated to each other, ensuring no bending by
centering the compressive forces in the axis of the hing-
es. Such arch portions may be composed of slender
straight elements under pure compression. It is possible
to use prestressed and braced stonework slender struts.
[0015] The ties (3) inclined arrangement, between the
deck and the external anchorages (8), causes axial forc-
es in the deck. In the case such forces are of unfavorable
traction, like in structural concrete decks, it is possible to
reduce them using expansion joints (4) internally and
double supports (6) in the ends of the deck, connecting
it longitudinally to the abutments.

[0016] The ties (3) vertical arrangement, prestressed
between the arch and the ground, with external anchor-
ages (8) distributed along the bridge, is a solution for
direct transfer of vertical loads, through practically "invis-
ible" "pillars". If the deck is suspended from the arch, the
system of ties (3) anchored in the exterior, can follow the
alignment of the suspension elements (9).

[0017] The columns (5) between the arch and the deck
may be continuous or have hinged connections at the
ends, the latter being preferably.

State of the art

[0018] The known solutions of large span arch bridges
have relatively thick arch cross sections, dimensioned to
withstand high bending moments due to loads for which
the arch shape is not anti-funicular.

[0019] In known solutions of slender arch bridges, the
equilibrium of loads for which the arch does not have
anti-funicular shape causes significant bending in the
deck, requiring a thick deck cross section. In this type of
solution, the larger bending moments are located in the
deck, whichis less efficientthan the arch to resistbending
because it has lower permanent axial compression forc-
es.
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[0020] Conventional solutions of slender arch and thick
deck bridges are efficient for relatively small spans, up
to about 40 meters, where the advantages of building a
lightweight arch can justify the use of more rigid decks.
For spans of that order of magnitude, the deck cross sec-
tion that already has to be adequate to resist as a con-
tinuous beam over the columns, can be exploited without
becoming disproportionately thick.

[0021] For large span bridges with slender arch, the
lower efficiency of the deck to equilibrate the variable live
loads implies disproportionately large cross sections
which make the arch effect relatively secondary.

[0022] There are advantages in the construction of thin
arches for large spans, not only for its lightweight but also
because the reduced bending moments result in lower
reinforcement in structural concrete solutions, even en-
abling ashlar or masonry solutions of natural stone. The
reduced arch self weight allows the use of light gantries
and facilitates piecewise prefabrication.

[0023] Either in solutions of "thick arch and thin deck",
either in solutions "thin arch and thick deck", the stiffness
disproportion leads to arise of undesirable bending mo-
ments in the thinner element.

[0024] In solutions with disproportionate bending stiff-
ness distribution there are advantages in adopting as ar-
ticulated the most flexible element. In this way, the bend-
ing moments in the thinner element can be eliminated.
In arches made of brittle material, such as granite stone,
the internal hinges can become indispensable.

[0025] The use of prestressed ties (3) for load transfer
can simultaneously reduce the cross sections of the arch
and of the deck, resulting in overall lightweight solutions.
The reduction of the arch and deck flexural stiffness al-
lows a higher efficiency of the prestressed ties system
(3), which would have to have greater cross section if the
arch or the deck were stiffer.

[0026] In known conceptions, it has been made use of
diagonal ties systems between the deck and the arch,
particularly during the construction phase, but with con-
trary inclination and different objectives than those of the
present invention.

[0027] In figure 5 of "Patent DE 36 21 611 A1 (Prof.
Dr.-Ing. Jorg Schlaich [DE]; Dipl.-Ing. Rudolf Berger-
mann [DE]) 14 January 1988", a solution related to the
present invention is presented, in which the ties are not
permanent and the arch has a non-negligible bending
stiffness. The permanent and definitive nature of the ties
(3) corresponds to a fundamental difference to the solu-
tion of said patent, which includes temporary cables dur-
ing construction. The permanent ties (3) are essential to
directly transfer the live loads and to stabilize the arch.
The bridge behavior under service loading depends on
the stiffness and prestressing of the permanent ties (3).
The present invention makes possible the construction
of an articulated arch, without the need of the deck bend-
ing stiffness.

[0028] In "Patent CH 706 630 B1 (S & P CLEVER RE-
INFORCEMENT COMPANY AG [CH]) 31 December
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2013" an internal prestressing system for steel bridge
structures is disclosed, using polymer bands to reinforce
steel beams. In the present invention, an advantage is
obtained from the arch shape to transfer the external re-
actions mobilized by the prestressed ties system (3). The
ties (3) are direct load-paths to the live loading and not
a reinforcement of other structural components.

[0029] In "Klein P. et al., Cable Stayed Arch Bridge,
Putrajaya, Kuala Lumpur, Malaysia, Structural Engineer-
ing International, IABSE, Zurich, CH, vol. 13, no. 3, 1
August 2003, pages 196-199", a solution is disclosed, in
which the prestressing of the stayed cables does not in-
crease the arch axial compression. In the present inven-
tion, the prestressing of the ties (3) increases permanent-
ly the axial compression force in the arch, which is ad-
vantageous for brittle materials like concrete.

Description of the Figures
[0030]

Figure 1 shows a view of an arch bridge, in which
(1) corresponds to the arch, (2) to the deck, (3) to a
system of ties, prestressed and connected to exter-
nal anchorages, (4) an internal expansion joint, (5)
to columns supporting the deck on the arch, (6) to
double supports in the ends of the deck, with pre-
vented longitudinal displacements and (8) to exter-
nal anchorages of ties (3).

Figure 2 shows a view of an arch bridge, with alter-
native configuration of the ties (3) system, in which
(1) corresponds to the arch, (2) to the deck, (3) to
the ties, prestressed and connected to external an-
chorages, (5) to columns supporting the deck on the
arch, (7) to simple supports with free longitudinal dis-
placements, (8) to external anchorage of the ties (3)
and (14) to systems of ties prestressed between the
arc and the deck.

Figure 3: shows a view of an arch bridge, with alter-
native configuration for the ties (3) system, in which
(1) corresponds to the arch, (2) to the deck, (3) to
ties, "vertical", prestressed and connected to exter-
nal anchorages, (5) to columns supporting the deck
on the arch, (6) to double support, with prevented
"horizontal" translation, (7) to simple support, with
free "horizontal" translation and (8) to the external
anchorages of the ties (3).

Figure 4 shows a view of an arch bridge, with alter-
native configuration for the ties (3) system, in which
(1) corresponds to the arch, (2) to the deck, (3) to
ties, inclined, prestressed and connected to external
anchorages, (5) to columns supporting the deck on
the arch, (6) to double support, with prevented "hor-
izontal" translation, (7) to simple support, with free
"horizontal" translation and (8) to the external an-
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chorages of the ties (3).

Figure 5 shows a view of an alternative solution, in
which (1) corresponds to the arch, (2) to the deck,
suspended from the arch, (9) to deck suspension
elements, (3) to ties, prestressed and connected to
external anchorages, and (8) to the external anchor-
ages of the ties (3).

Figure 6 shows a view of an alternative solution, in
which the arch is composed by laterally braced
struts, similar to the columns over the arch, (2) cor-
responds to the deck, (3) to ties, inclined, pre-
stressed and connected to external anchorages, (4)
to an internal expansion joint, (6) to double support,
with prevented "horizontal" translation, (10) to arch
segments comprising slender laterally braced struts,
and (11) to slender laterally braced columns.

Figure 7 shows a detail of the end connection of a
prestressed tie, in which (12) corresponds to inde-
pendent modules of the tie and (13) to an anchorage
part for the elementary ties and connection to other
structural elements or to the exterior.

Detailed description of the invention

[0031] Figure 1 shows the view of a first example of
the present invention. An arch (1) supports inferiorly a
deck (2) through columns (5), using ties (3), prestressed
and connected to external anchorages located near the
arch abutments. The deck has an internal expansion joint
(4) and is horizontally supported at the ends by double
supports (6). The ties (3) are anchored in the exterior and
connected to deck nodes, possibly through some of the
columns. For loads for which the arch has not anti-funic-
ular shape, here generally designated "antisymmetric
loads", the system behaves globally as a lightweight ca-
ble-tied structure, externally anchored or buttressed
through the ties (3). The deck may be discontinuous with
expansion joints (4) inside, so that through prestressing
of the ties (3) mainly compression forces arise in the arch
(1) and in the deck (2). The "horizontal" definitive con-
nections of the deck to the exterior through the double
support (6) are also favorable during construction, espe-
cially if the process is based on cantilevers growing from
the abutments. Under the action of "antisymmetric loads"
the system deforms activating the stiffness of the ties (3),
pulling them on one side and compressing them on the
other side. Deformations due to temperature variations
and time dependent behavior of materials are accommo-
dated by the expansion joint (4) inside.

[0032] For an alternative, shown in Figure 2, configu-
ration of the ties (3), associated with systems of ties (14),
inclined, prestressed and connecting the arch to the
deck, itisappropriate to release the "horizontal" displace-
ments in the simple supports (7) and dispense the ex-
pansion joints (4) inside.
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[0033] Figure 3 shows aview of an alternative example
of the invention, with ties (3) approximately vertical and
externally anchored. In this case it is convenient to sup-
port the deck "horizontally" at one end with a double sup-
port (6), while the other end can be movable, with a single
support (7), accommodating the stretching and contrac-
tion of the deck. In cases where the columns (5) are
hinged, a double support (6) can be indispensable atone
end of the deck. The mobilization of the stiffness of the
ties (3), when "vertical", either during application of pre-
stressing, either due to balancing of "antisymmetric
loads" is direct, without involving axial forces in the deck.
[0034] Figure4 shows aview of an alternative example
of the invention with ties (3) inclined and with external
anchorages (8) concentrated in massive external blocks.
In this case it is convenient to support the deck "horizon-
tally" at one end with a double support (6) releasing the
displacements at the other end with a single support (7)
that accommodates the stretching and contraction of the
deck. In cases where the columns (5) have hinged ends,
a double support (6) can be indispensable at one end of
the deck. The mobilization of the stiffness of the ties (3),
when inclined, either during application of prestressing,
either due to balancing of "antisymmetric loads" is direct,
without involving axial forces in the deck.

[0035] In the case of bridges with an arch (1) over the
deck (2) (Figure 5) or even in mixed solutions with the
deck at intermediate arch levels, the ties (3) can follow
the alignments of the deck suspension elements (9). The
system of ties (3) prestressed below the deck may have
a reduced visual impact especially in the case of decks
at low height.

[0036] An alternative embodiment of the invention,
with respect to a slender, articulated arch, is shown in
Figure 6 and corresponds to a construction of arch seg-
ments (10) in the form of laterally braced slender struts,
with possible prefabrication and later assembly, with con-
trolled addition of stiffness through a system of ties (3)
prestressed in any of the configurations of Figures 1 to
5. The columns (11) may be built using elements similar
to those of the arch segments (10) .

[0037] The ties (3), prestressed, may for example be
composed of multiple strands of high strength steel, cor-
responding to independent modular anchorages (12),
linked to the exterior by metallic parts (13), shown in Fig-
ure 7, which may also serve as connections to other el-
ements of the bridge.

Example of application

[0038] Anexample of application of the present inven-
tion corresponds to a road bridge, comprising an articu-
lated arch with 250 m span and 40 m height, composed
of segments (10) in form of prefabricated, laterally braced
and prestressed stone ashlar struts. The deck (2) be-
haves as a continuous beam with spans of 31 m, with an
expansion joint (4) inside and is supported by two parallel
articulated ashlar stone arches, with rectangular cross
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section of 2.5 m wide by 0.6 m thick. Each of the ties (3)
is inclined, comprising 4 cables of 12 or 16 prestressing
steel strands, two in each arch. The cross section of the
deck (2) corresponds to a box girder with 1.8 m of total
height, an upper slab 14 m wide, a lower plate 7 m wide
and two vertical webs.

Claims

10.

1.

Arch bridge structure, comprising a deck (2), an arch
(1) with internal hinges, wherein said arch with inter-
nal hinges comprises portions articulated to each
other, ensuring no bending by centering the com-
pressive forces in the axis of the hinges, wherein the
arch bridge structure further comprises permanent
ties (3) prestressed between external lower anchor-
ages (8) and upper anchorages at sections of the
arch (1) or of the deck (2) for the controlled addition
of stiffness to the structure, to mobilize reactions.

Arch bridge structure according to claim 1, compris-
ing ties (14) connected between the arch (1) and the
deck (2) .

Arch bridge structure according to claim 1, wherein
the external anchorages (8) are located in the abut-
ments of the arch (1).

Arch bridge structure according to claim 1, wherein
the external anchorages (8) are concentrated in two
or more massive blocks located under the arch (1).

Arch bridge structure according to claim 1, wherein
the external anchorages (8) are distributed by mul-
tiple anchorage blocks located under the arch (1).

Arch bridge structure according to claim 1, wherein
the deck (2) is placed in a level superior to the arch

).

Arch bridge structure according to claim 1, wherein
the deck (2) is placed in alevel inferior to the arch (1).

Arch bridge structure according to claim 1, wherein
the deck (2) is placed in an intermediate level be-
tween the supports of the arch (1) and its upper sec-
tion.

Arch bridge structure according to claim 1, compris-
ing an internal expansion joint (4) in the deck (2) and
double supports (6) at the ends.

Arch bridge structure according to claim 1, wherein
the arch (1) is composed of struts (10) prestressed

and braced.

Arch bridge structure according to anyone of claims
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12.

13.

1to 10,
wherein the arch (1) and the deck (2) are in the same
plane.

Arch bridge structure according to anyone of claims
1to 10,

wherein the arch (1) or the deck (2) have a spatial
axis.

Arch bridge structure according to anyone of claims
1to 10,
wherein the arch (1) is non-symmetric.

Patentanspriiche

1.

Bogenbriickentragwerk, umfassend ein Deck (2), ei-
nen Bogen (1) mitinneren Gelenken, wobei der Bo-
gen mit inneren Gelenken Teile umfasst, die mitein-
ander gelenkig sind, um sicherzustellen dass es kei-
ne Biegung gibt durch Zentrieren der Druckkréfte in
der Achse der Gelenke, wobei das Bogenbriicken-
tragwerk umfasst weiterhin dauerhafte definitive
Seilverbindungen (3), die zwischen auReren unteren
Verankerungen (8) und oberen Verankerungen an
Querschnitten des Bogens (1) oder des Decks (2)
vorgespannt sind, um Reaktionen zu mobilisieren
und kontrollierte Steifigkeit an das Tragwerk zu ad-
dieren.

Bogenbriickentragwerk nach Anspruch 1, umfas-
send Seilverbindungen (14), die zwischen dem Bo-
gen (1) und dem Deck (2) verbunden sind.

Bogenbriickentragwerk nach Anspruch 1, wobei
sich die auReren Verankerungen (8) in den Wider-
lagern des Bogens (1) befinden.

Bogenbriickentragwerk nach Anspruch 1, wobei die
auleren Verankerungen (8) in zwei oder mehr mas-
siven Blocken konzentriert sind, die sich unter dem
Bogen (1) befinden.

Bogenbriickentragwerk nach Anspruch 1, wobei die
auleren Verankerungen (8) durch mehrere Veran-
kerungsbldcke verteilt sind, die sich unter dem Bo-
gen (1) befinden.

Bogenbriickenstruktur nach Anspruch 1, wobei das
Deck (2) in einer Ebene angeordnet ist, die dem Bo-
gen (1) Uberlegen ist.

Bogenbriickenstruktur nach Anspruch 1, wobei das
Deck (2) in einer Ebene unterhalb des Bogens (1)
angeordnet ist.

Bogenbriickenstruktur nach Anspruch 1, wobei das
Deck (2) in einer Zwischenebene zwischen den Stit-



10.

1.

12.

13.
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zen des Bogens (1) und seinem oberen Abschnitt
angeordnet ist.

Bogenbriickenstruktur nach Anspruch 1, umfassend
eine innere Dehnungsfuge (4) im Deck (2) und dop-
pelte Auflagern (6) an den Enden.

Bogenbriickenstruktur nach Anspruch 1, wobei der
Bogen (1) aus vorgespannten und verspannten Stre-
ben (10) besteht.

Bogenbriickenstruktur nach einem der Anspriiche 1
bis 10, wobei sich der Bogen (1) und das Deck (2)
in derselben Ebene befinden.

Bogenbriickenstruktur nach einem der Anspriiche 1
bis 10, wobei der Bogen (1) oder das Deck (2) eine
raumliche Achse aufweisen.

Bogenbriickenstruktur nach einem der Anspriiche 1
bis 10, wobei der Bogen (1) nicht symmetrisch ist.

Revendications

Structure de pont en arc, comprenant un tablier (2),
un arc (1) a charniéres internes, dans laquelle le dit
arc a des charniéres internes, comprenant des par-
ties articulées entre elles, garantissant I'absence de
flexion en centrant les efforts de compression dans
I'axe des charniéres, dans lequel la structure de pont
en arc comprend en outre des cables permanentes
(3) précontraintes entre ancrages inférieurs exter-
nes (8) et ancrages supérieurs au niveau des sec-
tions de I'arc (1) ou du tablier (2) pour I'ajout contrélé
de rigidité a la structure, et mobiliser des réactions.

Structure de pont en arc selon la revendication 1,
comprenant des cables (14) reliées entre I'arche (1)
et le tablier (2).

Structure de pont en arc selon la revendication 1,
dans laquelle les ancrages externes (8) sont situés
dans les butées de I'arc (1).

Structure de pont en arc selon la revendication 1,
dans laquelle les ancrages externes (8) sont con-
centrés en deux ou plusieurs blocs massifs situés
sous l'arche (1).

Structure de pont en arc selon la revendication 1,
dans laquelle les ancrages externes (8) sont répartis
par de multiples blocs d’ancrage situés sous I'arche

(1)

Structure de pont en arc selon la revendication 1,
dans laquelle le tablier (2) est placé a un niveau su-
périeur a I'arc (1).

10

15

20

25

30

35

40

45

50

55

7.

10.

1.

12.

13.

Structure de pont en arc selon la revendication 1,
dans laquelle le tablier (2) est placé a un niveau in-
férieur a l'arche (1).

Structure de pont en arc selon la revendication 1,
dans laquelle le tablier (2) est placé a un niveau in-
termédiaire entre les supports de I'arc (1) et sa sec-
tion supérieure.

Structure de pont en arc selon la revendication 1,
comprenant un joint de dilatation interne (4) dans le
tablier (2) et des supports doubles (6) aux extrémi-
tés.

Structure de pont en arc selon la revendication 1,
dans laquelle I'arche (1) est composée d’entretoises
(10) précontraintes et contreventées.

Structure de pont en arc selon I'une quelconque des
revendications 1 a 10, dans laquelle I'arche (1) et le
tablier (2) sont dans le méme plan.

Structure de pont en arc selon I'une quelconque des
revendications 1 a 10, dans laquelle I'arche (1) ou
le tablier (2) ont un axe spatial.

Structure de pont en arc selon I'une quelconque des
revendications 1 a 10, dans laquelle I'arc (1) est non
symétrique.



EP 3 325 721 B1

nssssnsssmsssonssonsssosssonsonssssf

174 4

4

4
\\\\

Gorrrrrrrrrrss

Figure 1



EP 3 325 721 B1

R

SIS SIS SIS IS SIS SIS

w\
s s s s s s s \\\“
%
%,
2,

%
%,
%
%
%
)
%,
%
%

%
\\\\\\\\\\\\\\\\\\\\\\\\

7,
%,
%
%,
1
\\\
%
%,
%

2,
AL I I IS I EEIEEI Iy \\\\\\\\\\\\

8

Figure 2



EP 3 325 721 B1

T

[e0]
N
\\\
7/
\ -HH I
7
7
7
7
1R ERERRARARANEY
7
7
7
1111111131111

1Y
HIIRIRARERINEE

HITITHHITIN

2
]
\\
%
A
“
“
)
%
%
%,
%
)
%,
%
%,
%,
%
%
%,
%
%

%,
>

S
\\\“\\‘
S
S
S
S

%
rorssrrrrsesrerrsressrrrrey \\\\\\v\“\

||||| I IANININANEY

Figure 3



EP 3 325 721 B1

o
\\\\\\\\\\\\\\\\

%
Gprrsssrrrrrrrrrsss
/”””””””/n

S
=

\\\\\\\\\\
e

7
7
7

7

%,
4

Figure 4

10



EP 3 325 721 B1

N\
2 A

S R R R RS \\\\\“
W
3

/
\

BRRBUBEBEREER B —————

- —---

BEREREREHBERLREE ————
BEUEASABATEAENIL — —
BERENIABAREREIREE ———

fB e AR aR e — — ——
BERERBRBERR N B —————

Figure 5

1"




EP 3 325 721 B1

aul NN

-

~ L] VA
il

i
D

A ny SN/

oL 1N
Nk
=)
N
T T T N3

—
—

Figure 6

12



EP 3 325 721 B1

Figure 7

13



EP 3 325 721 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 DE 3621611 A1 [0027] » CH 706630 B1 [0028]

Non-patent literature cited in the description

e KLEINP. et al. Cable Stayed Arch Bridge, Putrajaya,
Kuala Lumpur, Malaysia, Structural Engineering In-
ternational. /ABSE, 01 August 2003, vol. 13 (3),
196-199 [0029]

14



	bibliography
	description
	claims
	drawings
	cited references

