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Abstract

The aim of the article [1] was to discuss the agtion of steel-concrete composite
structures in bridge engineering in the aspectrattural design, analysis and execution.
It was pointed out that the concept of steel-carcstructural composition is far from
exhausted and new solutions interesting from thgineering, scientific and aesthetic
points of view of are constantly emerging. Thegediatrends are presented against the
background of the solutions executed in Poland abibad. Particular attention is
focused on structures of double composition anéls@ncrete structures. Concrete
filled steel tubular (CFST) structures are highiegh

Keywords: structures of double composition, steglecete structures, concrete filled
steel tubular members

1. INTRODUCTION

The high efficiency of steel-concrete compositeudtires makes them a
fundamental solution for girder bridges of mediunddong spans, of which
there are numerous examples in both Poland andiahd. While the majority

of design and execution problems in bridges of ngomposition have been
solved, the search for new structural forms byapplication of the so-called
double or triple composition as well as the ustawburable properties of CFST
members is of great interest. These members offesirdageous utilisation of
steel due to the elimination of the phenomenon amfall stability loss in

compression. They also allow the assembly of adighridge from steel tubes
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and an improvement of the bridge bearing capacifier the assembly, by
filling the tubes with concrete. The article presethe successful attempts at
such solutions in the world.

2. EXAMPLES OF POLISH COMPOSITE BRIDGES

In recent years in Poland a number of interestioqpmosite steel-concrete
bridges have been built. Three such realisatione baen presented below

2.1. Bridge over the Bug river in Brok (Fig. 1) is a six-span structure of
span arrangement 58,00+3x69,00+88,00+49,00 m Zkig.

The overall length of the bridge is 402,00 m, tkerall width (Fig. 3) 13,12 m,
including the roadway of 8,00 m in width, and faaitps on both sides 2,56 m
each. In the cross section there are two main girde the zones by the piers
truss girders were used while in the span zonesbgrttie abutments they are
transformed into two-web plate girders. The trussesype W have variable
height (after parabola’ in the range of 156@900 mm. The deck slab (form
concrete class B35) has the mean thickness ofr, 24 the cantilever part it
decreases to 0,185 m). It is prestressed longitllgim the by-pier zones. Pre-
tensioning was performed by vertical displacemeagitghe structure (in the
assembly stage) and (also in the assembly staggre (7 L 15,5)

Fig. 1. Bridge over the Bug river in Brok (Poland)
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Fig. 2. Side view and top view of the bridge in B{@oland)
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Fig. 3. Cross section of the bridge in Brok (Poland

2.2. Bridge over the Oder river in Rogow Opolski(Fig. 4) is a five-span
structure of span arrangement 2x72,40+72,24+92 @47 (Fig. 5).

It is composed of two parts two- and three-spamspaith expansion joints in-
between. The overall length of the bridge is 420088The bridge has two
separate component structures (motorway crossosg¢gplaced on common
supports. Each of the load carrying structuresoimpmosed of four composite
girders of spacing of 2,55 m. The steel girder téplgirders) have a constant
height of 3150 mm. The Web thickness is 12 mm figygiers’] 20 mm). The
RC deck slab is 0,21 m thick between the girdemd, 26 and 0,31 m above
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the girders. The overall width of the bridge is7IDm. The roadway has two
traffic lanes 3,50 m each, two safety lanes 1,0@anch and two kerbs with
parapets with handrails of width 0,85 m each (B)g.

dylatacja dylatacja
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Fig. 5. Side view of the bridge in Rogéw Opolskold@hd)
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Fig. 6. Cross section of the bridge in Rogéw OpialBbland)

2.3. Bridge over the Vistula river in Wyszogrdd (Fig. 7) is composed of
two parts with expansion joints in-between. Onet gawver a floodplain)
consists of eleven spans of arrangement 50,00+10860650,00 m. The other
part (over the river) consists of six spans of @yEANent
75,00+4x100,00+75,00 = 550,00 m (1200,00 m in totdlich makes it the
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longest bridge in Poland (Fig. 8). The load camgy$tructure is made from two
continuous composite beams (plate girders). Inflibedplain part they are of
constant height (webs) of 2500 mm. In the rivert ple height ranges from
2500 mm in the spans to 5400 mm above the pies.ndin beams are spaced
at 7,00 m. The RC deck slab has the mean thickofe8£285 m. The overall
width of the bridge is 12,37 m, including the roaywof the width of 8,70 m
(Fig. 9). The steel structure of the bridge wad sl longitudinally. To obtain
the rectilinearity of the slip trajectory - duettee variable depth of the girders -
the trajectory structure was made from two plateeagis placed in the axes of
the bridge main girders and posts of variable hdiigiy. 10).

Fig. 7. Bridge oer the Vistula river in Wyszgr(m)land)
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Fig. 8. Longitudinal section of the bridge in Wygedd (Poland)
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Fig. 9. Cross section of the bridge in WyszogréoldRd)
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Fig. 10. Structural arrangement of assembly bldadke river part of the bridge
in Wyszogrod

3. DOUBLE COMPOSITE BRIDGES

3.1 The basic idea of double composités to assist the steel section in
transferring the compressive force in the zonesegfative bending moments.
This effect is achieved by making in the lower pawf the cross section the
concrete slab interacting with the steel of thedotfibres of the section. The
concrete bottom slab perfectly protects the botttords against buckling, it
also permits considerable savings of the steel amdou the section in
compression.

There is a modified version of the above solutiam, structures with specially
shaped support areas in which the steel sectioapisiced partly (the part in
compression) or completely by concrete section. Bo#om slabs are used
chiefly in bridges of long span. The thickness lué bottom slab is variable
along the bridge length. This results from an iasg2of the compressive force
towards the pillar. Since the bottom slab (Fig. ts1)ot given along the whole
length of the span, its appearance on the wholéhwid one section, would be
a structural notch. The variable thickness permitgating the effect of notch.
The main step, however, is making openings at titecé the slab in the parts
between the girders, which will ensure its gradymdearance in the section (ills
11 and 12).

Bridge structures in which the idea of double cosifgowas used appeared in
the 1970 s. In particular, the idea was developed Bpanish design engineer
professor Julio Martinez Calzon, whose design belpresented further on.
From the aesthetics point of view, the idea of dewomposite is the idea of
building a form whose beauty lies in the activeerattion of two different
materials. These materials manifest themselvesugfwrostructural solutions
exposing their texture and colour. Their surfaceaar then, require a special
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care. Steel girders are often fabricated from mastipsteel of CORTON type,
which ensures their dark brown colour, well setiing contrast with grey (and
often white) shade of concrete. Below, several ningresting structural
solutions of this type of bridges have been presint

Fig. 12. Girder bridge of double composifion over Régalica river in Szczecin
(Poland)

3.2 Bridges with bottom plate in regions at the suppord

This type of bridge is well illustrated by the “Rmers™ bridge over the
Regalica river in Szczecin (Fig. 12), the firstligation of this type of bridge in
Poland (2002). The structure of the bridge is caseploof a six-span continuous
beam consisting of two plate girders combined aittRC deck slab of the span
arrangement 59,25+90,00+2x116,25+90,19+63,75 =693®). The girders
have variable height webs ranging from 3,00 m & én in the southern beam
(upstream face) and from 3,16 m to 6,66 m in theheon beam. In the regions
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at pier box sections with the bottom chord as andR® combined with the

main girders was employed. The slab has consté&kniss across the bridge
width and variable lengthwise.

Fig. 13 shows an interesting double composite lerioigjlt over the Santa Lucia
river in Montevideo province, Uruguay, in 2004.idt a thirteen span girder
bridge of the constant depth of the box, of ler@ftii80 m and width of 200 m,

with the centre sail spans 64,0 m in span. The ositgwbottom plate above the
piers “goes out of’ the bridge steel box and carsd®n outside. Moreover, the
projecting concrete overhang brackets are suppobyedrakers from rust

resisting steel, which enhances the spatial eféécthe composite structure
itself. The light and shade effect achieved in thmanner gives the object
unique aesthetic qualities (Fig. 13).

T -

Fig. 13. Girder bridge of doule composition ovex Santa Lucia in Uruguay

3.3 Bridges with specially shaped region in compressioabove
intermediate piers
An example of a structure shaped in this way isidge over the Turia river
(21991) in Valencia (ills 14 and 15). It is a fram&ucture (with girders
elastically fixed on intermediate piers), with threspans of arrangement
53,0+103,0+53,0 m = 209,0 m. The main girder i®@mosite box single cell
girder of double (one might even say triple) coniipas in the region above the
piers. The cross section area in compression wadenmas reinforced
prestressed. The steel and concrete sections weedjas a prestressed butt
direct connection using screw anchors of high sfitenApart from high load
carrying capacity and stiffness, the anchors pegdod resistance to dynamic
actions and cyclic loads. Owing to an unusual sehefcontrasting colours -
dark brown box girders from CORTEN steel and piagsinst the specially
formed region in compression of white concrete a&bdive piers a very
interesting visual effect was obtained.
Figures 16 and 17 show an example of a similacctira of the “del Arenal”
bridge over the Guadalquivir river in Cordoba ($pai
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Fig. 15. Julio M. Calzon, bridge over the Turia&f&ia - longitudinal and cross
sections

1993 (110 m)
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Fig. 17. Longitudinal and cross sections of “de¢al” bridge in Cordoba

3.4 Bridges with specially formed concrete intermediateiers

These are objects in which the concrete sectioreapuy in the zone of
negative bending moments occurs not only in theéegipart in compression but
on its entire height. The steel girders are thepleyed only in the zone of
positive moments. The connection of sections isqidn the area of the change
of moments. It is executed as a prestressed ngittdionnection. The anchor
bolts are additionally prestressed in the zonesevtieere is a hazard of tensile
stress.

Fig. 18. Julio M. Calzon, “deAI Dlabolo” bridge ovHﬂeLIobregat river, Martorell
(Barcelona), 1975 (100 m)

Examples of this kind of structure are “del Diaidbwidge over the Llobregat
bridge (1975) in Martorell (Barcelona) (ills 18 ahé), “del Milenario” bridge
over the Ebro river (1987) in Tortosa (Tarragornidg PO and 21) as well as “de
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Mengibar” bridge over the Guadalquivir river (1998)Mengibar (Jaén) (Fig.
22). These structures are continuous frame stregtun the case of the first
two bridges above the main girders are composixesbwle cell cross-sections.
The girder of “de Mengibar” is a composite box faefl cross-section.

17,0

350

SO, - B

Fig. 19. Sections through the girder and pier & ‘Giabolo” bridge

Fig. 20. Julio M. Calzon, “del Milenario” bridge exvthe Ebro river, Tortosa
(Tarragona), Spain, 1987 (180 m)
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Fig. 21. “Del Milenario” bridge - cross and longtinal sections

The main girder of “del Diabolo” bridge makes a tionous three span beam of
span arrangement 50,0+100,0+50,0 m. The charaatensermediate piers of
the bridge are prestressed RC structures supporndoundation blocks in
jointed manner. The bridge, combining beauty and ianovative
construction solution, was a source of inspirafamthe creation of equally
outstanding works, using double composite ideas.

Fig. 22. “De Mengibér’; bridge over tﬁe Guadalquiwrer, Mengibar (Jaén), Spain,
1995: a) view of the bridge, b) longitudinal andss sections

4. STEEL-CONCRETE BRIDGES

Steel-concrete structures cover two groups of swiat steel members encased
in concrete and steel tubes filled with concretee Tormer ones have been
sporadically employed in the Polish bridge engimegrparticularly in single
span railway plate bridges (Fig. 23). They alsdude structures with rigid
reinforcement used in arch bridges especially rbadges of long span,
constructed in unfavourable site conditions (Fij.. 2n Hundwilertobel bridge
applied in arcs self-supporting rigid reinforcengemt the form of light truss-
girders made of rolled shapes. The latter - adlesabcompressed members -
are practically not built in Poland.
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Rys. 1.1.1-1 Przekrdj poprzeczny plyty wewnetrznej z widocznym zbrojeniem.
Fig. 23. Cross section of a railway plate girdeektoncrete bridge

Steel-concrete structures belong to composite tstres due to considerable
similarity: the same fundamental materials: corerand steel, connectors
joining the concrete and steel parts (if necessalQwever, there are

significant differences the most important of whisthe mutual position of the
concrete and steel parts which decide of the sapataaracter of combined
steel-concrete elements in the class of compasiietares.

Steel-concrete structures under bending are ecaadiynunfavourable. In the

two-symmetry steel section employed most frequetitéy steel girder part in

compression is generally not fully utilised. Simiya the concrete near the
neutral axis and the region in tension is not fultjfised. On the other hand,
they are easy to make but their undeniable advanimghe elimination of

scaffolding during placing concrete. They are clalmd in the same way as the
classical composite girders.

Steel-concrete elements in compression, in the fofrsteel tubes encased in
concrete, called CFST elements (concrete filledldtéoular), are characterised
by high load carrying capacity and deformabilityldnigh failure energy. These
properties are particularly advantageous in seianit paraseismic conditions
and where pillars or columns are affected by uriptedle strong horizontal

forces (e.g. during earthquakes). They are alsoemasistant to fire

temperatures than RC pillars.

In CFST elements in compression in high effortestathere is a very good
interaction between concrete and steel coatings Tégults from the fact that
due to the steel coating restricting transversarstriaxial stress takes place in
the concrete, which increases its strength. Alsdahim steel coating triaxial

stress is observed: compression in the directiogoofpressive force, radial
compression from concrete thrust and circumfererigasion. Due to the

interaction between the steel coating and the etacatore the tube loses its
local stability only immediately before the elementarrying capacity is

exhausted.
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Fig. 24. New bridge Hundwilertobel (Switzerland): general scheme of the structure;
b - location; ¢ - cross section

The advantages of CFST members also include:

- high flexural rigidity,

- reduction of cross-section compared with steelR@dstructures,
- ease of shaping welded connections,

- natural protection of concrete against corrosion.

The drawbacks include:

- higher steel consumption in RC elements,

- difficulties in placing concrete particularly at &lin cross-section
dimensions,

- possibility of formation of gaps between the cotereore and the steel
coating due to concrete shrinkage, especiallgwatdffort of the members.

Over the last twenty years structures from CFST bers have become
increasingly popular in bridge engineering, esgdbcimm China. They are
employed in the construction of arch bridges andsed arch bridges of long
span, e.g. the Wushan bridge over the Yangtze (R@®5) of span length of
460 m (Fig. 25). Also the Wanxian bridge over trenytze (Fig. 26), a concrete
arch deck bridge with a record length of 420 m wascted using CFST
elements. In cross-section (Fig. 27) the archtlgee cell huge RC box 16,0 m
in width and 7,0 m in depth. A structural membesoth little pleasing shape,
owing to its shape of a slender arch becomes aenméeste. The stiff frame of
five trussed arches composed of CFST elementd {ates filled with concrete
class (C60) was “sunk” in the RC box of the bridgiep serving for suspending
the mobile scaffolds, this RC box girder.
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In the majority of arch bridges from CFST elemeint<hina, the first to be
assembled is - as the lighter one - the steel amtlich is next filled with
concrete. After concrete hardening the tubes’ dagrgapacity increases about
two times compared with the tubes with no concrétee illustrations show
views of the arch bridge from CFST elements onrthge to Jungbo (Fig. 28)
and two trussed arch bridges from CFST elements agdace called Gruilin
@il 29) as well as the Quinghuan bridge in Wuhdfig( 30). In further
illustrations the cross-sections of the archeshef“Mo-Zi-Wan” (Fig. 31) and
“Da-Du” bridges (Fig. 32), composed of CFST elersdrdave been shown.

Fig. 25. Tubular concrete structure (CFST) of andd bridge over the Yangtze river,
Wushan, China, 2005 (460 m)

-

Fig. 26. Wanxian bridge, China, 1997 (40 m)
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Fig. 27. Cross section of structural arch of WanXieidge

Fig. 29. Truss concrete filled steel tubular (CF8¥pugh bridge of 200 m span,
near Quilin (China)
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Fig. 32. Static scheme and cross section of loadrge arch structure of Da-Du bridge
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5. SUMMARY

The article describes successful examples of tipdicapions of steel-concrete
composite structures in Poland and abroad. Paaticattention is given to
structures of double composition and steel-concettactures from CFST
compressed members. They offer hope to their waghptication in the Polish
conditions.
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PRZYKLADY KONSTRUKCJI ZESPOLONYCH W BUDOWNICTWIE
MOSTOWYM

Streszczenie

W artykule [1] oméwiono problemy konstrukcyjne, igkkniowe i realizacyjne,
zZwigzane z zastosowaniem konstrukcji zespolonych stalfb w mostownictwie.
Wskazano tanmze idea konstrukcyjnego zespolenia stali z betoreshjgszcze daleka
do wyczerpania e wchz pojawiap Sic nowe rozwazania interesuage z irzynierskiego,
naukowego i estetycznego punktu widzenia. W argkoiniejszym pokazano te
nowoczesne trendy na tle rozwa zrealizowanych w Polsce i daviecie. Szczeg6in
uwag: poswiecono konstrukcjom podwdjnie zespolonym oraz kohsjam stalowo-
betonowym. Wyeksponowano tu szczegodlnie konstrukajer stalowych wypetnionych
betonem, typu CFST. Dajone nadziej na ich szersze zastosowanie w warunkach
polskich.

Stowa kluczowe: konstrukcje podwojnie zespolonenstaukcje stalowo-betonowe,
elementy rurobetonowe
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