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Resum

Este documento describe el método VFT como unaigwleficiente y estética para puentes con van
de corta y media longitud. Actualmente, el métodespntado en este informe es un fuerte competilg
los puentes de hormigén. Esta combinacion entrigsareconémico del acero y del hormigén
proporciona numerosas ventajas y hace que seaveadnas usado. Este informe presenta la idea de
vigas VFT, el proceso de fabricacion y la rapidastaiccién pueden explicar la popularidad de esta
tecnologia especialmente en Alemania y Polonia.
Para mostrar las diferencias entre un puente nyixio puente mixto de vigas prefabricadas se propo
una estructura de 2 vigas continuas de 50m detlah@ilos vanos: 25,00m + 25,00m) con las siguien
vigas transversales:

e 4 vigas mixtas (acero + hormigén “in situ”)

* 4vigas VFT

ROBOT MILLENNIUM, y elementos de dimensionado.

Como resultado del desarrollo de las vigas VHivestigaciones de conectores continuos se ha cre
una nueva técnica VFT llamada Método de Construc¢ieT-WIB. Este documento introduce el dise
estatico y a fatiga de los conectores continuos-ViHB.

Para resumir los métodos descritos, se muestran@sgejemplos ejecutados en Alemania y Polonia

Se presentan dos modelos de construccion en FEXNb@déle Elementos Finitos), usando el software
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VFT® — Prefabricated Composite Construction Method

SUMMARY

This document describes VFT method as an efficeamt aesthetic solution for small and
medium span bridges. Nowadays, the technology predein this paper is surely strong
competition for concrete bridges. This combinatadreconomic use of steel and concrete
materials gives many advantages and causes theenwrhbomposite bridges to grow bigger
and bigger. This paper presents the idea of VF@legsk; manufacturing process and fast
assembly which can explain the popularity of tleshhology especially in Germany and
Poland.

To show the differences in design process betwgaoa composite bridges and bridges with
composite prefabricated girders, two 50,00m lerggthtinuous beams (two spans: 25,00m +
25,00m) have been proposed:

» Cross-section consisting of 4 composite girdeese{st “in-situ” concrete),
» Cross-section consisting of 4 VFT girders.

Two construction models in FEM (Finite Element Meth using ROBOT MILLENNIUM
software, and elements of dimensioning have beesepted.

Further development of VFT beams and investigationsontinuous connectors resulted in
the creation of the new kind of VFT technique whishcalled the VFT-WIB construction

method. This paper introduces the static and fatidesign of VFT-WIB continuous shear
connectors.

To sum up the methods described, some examplesidgebexecuting in Germany and
Poland have been shown.
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RESUMEN

Este documento describe el método VFT como unaigoleficiente y estética para puentes
con vanos de corta y media longitud. Actualmeriteétodo presentado en este informe es

un fuerte competidor de los puentes de hormigdia &smbinacidén entre un uso econéomico
del acero y del hormigdn proporciona numerosasy&sty hace que sea cada vez mas usado.
Este informe presenta la idea de las vigas VFpradeso de fabricacion y la rapida
construccion pueden explicar la popularidad de testaologia especialmente en Alemania y
Polonia.

Para mostrar las diferencias entre un puente ngixito puente mixto de vigas prefabricadas
se propone una estructura de 2 vigas continuaSmed®g longitud (dos vanos: 25,00m +
25,00m) con las siguientes vigas transversales:

* 4 vigas mixtas (acero + hormigon “in situ”)
* 4vigas VFT

Se presentan dos modelos de construccion en FEKb@dée Elementos Finitos), usando el
software ROBOT MILLENNIUM, y elementos de dimensaoio.

Como resultado del desarrollo de las vigas VHIvestigaciones de conectores continuos se
ha creado una nueva técnica VFT llamada Métodoahst@iccion VFT-WIB. Este
documento introduce el disefio estatico y a fatefod conectores continuos VFT-WIB.

Para resumir los métodos descritos, se muestran@gejemplos ejecutados en Alemania y
Polonia.
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1. INTRODUCTION

1.1. Definition of the composite construction

In structural engineeringgomposite constructiorexist when two different materials are
bound together so strongly that they act toge#isea single unifrom a structural point of
view. One common example involves steel beams stipgaoncrete floor slab. If the beam
is not connected firmlyo the slab, then the slab transfers all of itgghieto the beam and the
slab contributes nothing to the load carrying cdpglof the beam. On the other hand, if the
slab isconnected positivelip the beam with studs, then a portion of the skab be assumed
to act compositely with the beam. In effect, trosnposite creates a larger and stronger beam
than would be provided by the steel beam alone[1].

Within the European Union, composite constructians commonly applied to bridges,
however to buildings they are applied in Westeunogean countries[2]. The followings
composite types are the most popular in bridgerssging:

» concrete (prefabricated) — concrete (in-st®)Figure 1.1.,
* concrete — steeb Figure 1.2.,
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Fig. 1.1. Road bridge cross-section.
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1.2. Railway bridge cross-section.

1.2. Origin and development of VFT technology

Essential changes in economic conditions and teghrequirements within the last
few years in Germany caused increased interesbmmposite bridges. Particularly, public
investors extended a demand for correct and relistlutions. The most important factors in
the development of composite bridges are:

- exploitation (increased load capacity),
- maintenance (increased durability),
- economy (reduced steel prices) [3].

The number of this type of bridge in public tendenslerlined this tendency. These changes
also give good reasons to rethink standard cortgirumethods for composite bridges. There
is much room for improvement in construction andcgdures, particularly in structures with
short and medium-sized spans that are built ovistieg traffic routes.

A new method for economic construction of compodiéck bride with a span of 20 to
80 metres has now been developed, and is knowtheagprefabricated composite (VEY
construction _method It unites the benefits of conventional composited prefabricated
construction methods and consists of an integistesy of prefabricated assembly units.
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The starting point for development of the systemmewt®o cross section designs for
deck bridges with small spans, made up
prefabricated elements and supplementary in-9%
concrete slab, which proved very successful on s
market:

» Prefabricated prestressed concrete girders,
» Composite cross sections with filigree slabs.

Since the 1970s, multi-web T-beams made
prefabricated prestressed concrete girders withe
flanges have been used as the formwork for Fig.1.3.VFT-girder.

laying in-situ concrete slabs. Unfortunately, ugethee prestressed concrete girder is only
limited to railway bridges up to about 30 metreseingth and in road bridges up to about 40
metres, since it is itself very heavy. In this spange, the prestressed concrete used for
composite construction method is usually supefiibe price benefits of prestressed concrete
girders are mainly due to the fact that an extenaimount of prefabrication work is involved
in the prestressed concrete construction methaodijchreg the amount of work on the
construction site.

Another alternative for construction is the usé¢rahsverse reinforced concrete girder.
In this case, all the reinforced concrete work Ugueeeded on the construction site is
eliminated.

All the supporting elements in the superstructae be handled by the main
contractor, who is normally only responsible fog golid structure building work. In this way,
an efficient modular construction system was dgwalent. The VFT construction method
evolved from these developments [4].

Fig. 1.4. VFT girder.

[3A uNivERSITAT POLITECNICA
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2. OBJECTIVES

Nowadays VFT method becomes more and more popualdoland. Due to the
efficient use of steel and concrete in the crossia® girders prefabrication and fast
assembly, this technology opens up new possilsilifidis paper introduces VFT system as a
good alternative for composite bridges and shovferénces in design process for both of
these solutions. Two concepts of road bridge Hmen proposed to demonstrate materials
savings and advantages of use VFT girders.
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3. DESCRIPTION OF THE VFT TECHNOLOGY
3.1. Idea of technology

The essence dhe VFT systems applying prefabricated composite girders wiith
12cm thickness active concrete flangeanufactured in a factory. This flange simultarsyp
makes up formwork of the deck and actively co-osravith beam to contribute to the dead
and useful load carrying capability.

in situ concrete slab\

'\.
E

———ih |
precasted \ steel girder
——

concrete flange

Fig. 3.1. VFT girder.

Additionally, the prefabricated concrete flangabglises the girder during transport
and during the construction phase while the in-sttioicrete slab is laid. The limits involved in
handling a construction unit, such as weight agulity, are extended. This means that larger
spans can be bridged with more slender constrigtiovhich are not possible where
prestressed concrete girders are used. Becausesitjet of the individual construction unit is
reduced while the same rigidity is maintained,tbhadling limits are extended [4].

Fig. 3.2. Ideological cross-section.
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Prefabricated units are placed next to each athgsreviously prepared supports and
jointed together at assembly time. Then the deskib and supported cross-bars are carried
out. In this way a monolithic span comes into bemdthough the bigger part of the
manufacturing process takes place out of the aoctstn site.

Fig. 3.3. VFT girder showed during “Autostrada-Ralsfair in 2002 year, in Kielce.

The typical way to execute a bridge using VFT tetbgy (applied in Germany) is showed in
figures 3.4.and 3.5., on the example of continuous span. Tiseaeclear split intstage |
(prefabricated unit manufacture) asthge Il (span assembly). The manufacturing process
(figure 3.3.) takes place entirely in a factorygrfr where prefabricated composite units are
transported to the construction site by road trartsgnd built into a span (figure 3.4)[5].

a) b)

Fig. 3.4. VFT prefabrication phase: a) weldedelitder, b) carrying out of different height studs
c) prefabricated unit reinforcement laying, d)fpbzicated flange cemented.

~10 ~
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b)

Fig. 3.5. Executing phase of continuous span mgdéHT prefabricated units: a) prefabricated unlecing on temporary
supports, b) to make it continuous, c¢) cross-bansenting, d) deck’s slab cementing.

3.2. Composite construction in Germany

The composite construction method using reinforcedcrete has gained greater
importance again since the 1990s, with the auiberitaking the initiative for increasingly
using steel for the superstructure of road briddéss can largely attributed to a demand of
the general public to show more variety in thedfief bridge construction and to come up
with better designs in this respect. The fact tmhposite steel bridges can be much better
tested also made them more popular among clients.

3.2.1. Road bridges

Cross sections in concrete are still the stansgalation when it comes to road bridges.
Composite steel bridges with the same geometrystlienot an economical alternative to
concrete bridges. Hence, the number of composdestael bridges has remained unchanged
since the 1980s. But the reunification of Germany989 and the ensuing intensification of
the building activities were reflected in the highember of concrete structures.

~11 ~
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Fig. 3.6. Bridges in Germany, broken down into tifecent construction method (in mill%n

* The road Bridge at Merseburg — example of VFT brelgh Germany:

This is a bridge in the course of the federal rBatB1 across the river Saale near Merseburg
(BW 210/211).

Mersaburg Leipzig

1105 1608
24 23 ars ars 1.0 1.0 ars iTa 230 248

I o r o

Fig. 3.7. Cross section of the bridge across ther Baale in Merseburg.

10 20

Fig. 3.8. Longitudinal section of the bridge acrtdssriver Saale in Merseburg.

~12 ~
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The subject of the invitation to tender was therestruction of the existing bridge. As
part of the bidding process, a secondary offer prapared in cooperation with a building
firm, by which the construction of a new bridge lwd length of 54,5m was proposed. The
temporary abutments and the crossway displacengentedl as the reconstruction of the
superstructure would thus become superfluous. Hagilgs and temporary structures, and
thus the bridge components requiring a high maariea input, would also become
unnecessary. The advantages of the secondary o#ergliable costs, a short construction
time, a defined and longer service life as wellaastructure requiring little maintenance,
convinced the client. The girders' slenderness mékeossible to put up a structure with the
same dimensions in the same place. The prefaldicateposite elements have a height of
1,5m in the centre of the span and of 2,3m at theer of the frame. A 25 cm thick concrete
plate is cast in-situ onto the 4 girders which hbeen laid next to each other (Fig. 3.7 and
3.9). The superstructure is joined monolithicalty the abutment (hybrid frame structure,
figure 3.10.).

-4 — ’
T 1 A ©

T girders. g.A.10. Beams support the abutment direcly.

Fig. 3.9. Cross section with 4 VF

The reinforced concrete abutments are based ge laored piles with a diameter of
120cm, which are located directly below the waklkdi of the end walls (single-row pile
foundation). Low-lying approach slabs are placedit the abutments, rather than any
provisional structures which one would expect atghperstructure of such a length (Fig. 3.8,
Fig.3.10). The contract was awarded at the endpofi 2002. The 1st building phase, which
included the planning, the demolition work and #wtual construction work, took about 10
months until the traffic could move across the ridge. The VFT girders were shipped by
road to the building site and lifted with a trucloumted crane into their position at the end of
October, for which purpose the road was blockedf@ night.

Fig. 3.11. View of bridge across the river Saalé/l'mseburg.

~ 13 ~
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3.2.2. Railroad bridges

Unlike other European countries, Germany is theepion when it comes to applying
the composite construction method in the field afroad bridges. Pure steel structures for
large spans and the "rolled girders in concretethow (WIB method) for smaller spans
where the steel assumes the main load-bearing ifun@re the standard. The use of
composite girders reduces the demand for steelidemably, thus making the building
activities more economical. Bridges with large spaave been constructed less and less in
steel since pre-stressed concrete has been ingddAcmajor criterion for the client in this
respect is the high rigidity of the supporting feamork, which is easily realized by the use of
concrete. However the general public has acceptethds, which are built with &l/L
slenderness ratio of less thhfi5 because it is unaware of more slender designs.

* The railroad Bridge at Schongau — example of VFTitdge in Germany:

In 1999, the Deutsche Bahn AG (German Railwaysitad tender for a composite
bridge on the single-track railroad line betweerhd®gau and Peissenberg. The SSF
Engineering Office prepared a secondary offer veith extremely short construction time
proposing a structure for which the VFT method wase used in order that crossway
displacement became unnecessary.

e -

[ %

Fig. 3.12. View of the bridge across the river Ldn:lSchonga.

The offer was considered to be the most econonueal and awarded the contract
(Fig. 3.13.). The peripheral geometrical conditiorese retained. The span widths of 27 + 30
+ 26 m are similar to the existing ones (Fig. 3.18he height of the structure varied between
2,0 and 2,8m. A decisive feature was the radiuR ef274m in the ground plan (Fig. 3.15.).

~ 14 ~
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The supports were fixed to the superstructure aadlaflection resistant, iarder to absorb
the high braking forces of the trains. The 83m |ahgee span bridge was put into operation
after a construction time of only 3 months for thain work][6].

b} 3

]

.

=
-1
-

LT .

iy

T ——
’

Fig. 3.13. Cross section of the bridge across trer tiech in Schongau.

Fig. 3.15. Top view at the bridge across the riverh in Schongau.

~ 15 ~
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3.3. Differences between VFT in Poland and Germany

Generally, the standard polish method is to temgért of stage |, just like the transfer
of prefabricated flange execution, to the buildang. This is because of the conditions of the
national road net. In a simple way: it is easietramsfer only the steel girder. Only in the
event of one object in Wroctaw, where efficient Bighway access was possible from factory
to nearby construction site, could cementation tpkece in factory and prefabricated
composite girders be transported. In the others;adab was cemented in position on the
building site after putting all girders for one spaext to each other in order to get the
appropriate geometry of the span. The temporaryp@iipof prefabricated units to
cementation cross-bars (frame quoin) depends ostrembor — for bridges, as will be shown
later, they used different solutions, in most caslédeams were supported by rolled steel
joist. This solution does not create any problemmected with construction assembly using
cranes and in most cases achieved quick spaniteadTest loads confirmed every time that
the structure works according to brief foredesign.

3.4. VFT beginnings in Poland

The beginnings of VFT system in Poland occurreigrathe year 2000, when the
implementation of technology during design phas@e# bridges wad begun. First girders
executed in cooperation with IBDIM were presente@002 during the “Autostrada-Polska”
fair in Kielce (Fig.3.3.). In that time first comsttions like viaducts in Tofuand Warszawa
were built . Selected aspects of executing abowvetioreed bridges were presented during the
“Small Bridges: Problems of design, building andimtenance of small and medium span
bridges” conference in the year 2004, in Wroctawpaper inserted in conference materials
showed technical, technological and economic aspafcthe VFT system, as well the basic
assumptions for static and dimensioning analysisiguhe design phase. In Poland, until the
present, bridges have been designed in VFT techypolath spans from 15 to 43m and
different static schemes, both continuous beamnamiti-span frames. These last (multi-span
frames) are the first realizations in Poland okgnated bridges with spans composed of
composited girders and experiences of carryingobuihese objects can be used also during
executing of integrated bridges with classical posited girders[5].

~16 ~
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4. FIELD OF APPLICATIONS

Techno-economic conditions determine the variefy V&T prefabricated units
applications. They are used for single or multirspadges withspans in range from 15 to
70m The main scope of application tise_executing of viaducts above active road and

railway track (Figure 4.1.).

Fig. 4.1. VFT girders assembly over active road i@ilevay track.

In relation to another technologies, they are eghg big economic benefits resulting
from quick assembly and reduction and simplificatad finishing works. The cost to cross to
dual motorway with one span is lower than with tsygans and intermediate support in the
median strip. Angle of intersection with road oiflway line axis is also insignificant.
Individual design of every prefabricated unit allboweadjustment to particular structural-
architectonic demands. Obtaining very low constoucidepth creates the impression that
spans are more slender (Figure 4.2.)

Prefabricated VF® units can be used in th
following static schemes:

* in single or multi-span frame, where deck
slab will be rigid connected with supports
Because of that bearings and expansi
joints are eliminated; ;

* in free-supported beam;

e in continuous beam, where every next sp
will be connected through “in-situ” concrete
in casted supported cross-bars; Fig. 4.2. Frame viaduct VFT over

* in span build by cantilever method, where the motorway.
prefabricated VFT units will be like key blocks;

* in tunnels build by strip-mine method, where
prefabricated units will be like elements of theofis[7];

~17 ~
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5. GIRDERS PREFABRICATION

Prefabricated VFT® unit ia steel qwder with concrete flanq«-:emented in factory or
on the building site. It is ) s n T
simultaneously formwork of deck’
slab. The steel part of composit
girder iswelded I-bar in which the
width of upper beam :
guarantees positioning
connectors. In most cases web do
not have additional stiffenings, bu®.
they can appear in girders with sp
from more than 40m and in railwa
bridges (Figure 5.1.)10 to 12cm
concrete flange of prefabricated
unit is connected with steel girder i
such way that shearing forces will be  Fig. 5.1. Steel girder in manufacturing site.

transferred. Connectors in composite

girder make uptwo _different _heights of stud shear connectofhorter studs guarantee
cooperation between steel beam and concrete piedtdat flange. Flange is made from high-
resistance, freeze resistant and tight concreterdfabricated flange, bottom reinforcement is
placed with 40-50mm lagging. Longer studs and atsoctural stirrups protrude above the
prefabricated concrete to ensure composite cororedietween prefabricated and in-situ
concrete.

Fig. 5.2. Steel girder in factory, stud shear cators and prefabricated slab reinforcement .

Thanks to its active contribution to load carrycapability concrete flange, is gaining
big savings in consumption of structural steels@gme cases even up to 30%) [7]. Corrosion
protection of steel part is done in factory, whallecoating required by the project is applied.
Prefabricated unit is delivered on the construcsibe with equipments and staging.
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Width of prefabricated units is readjusted 1
restrictions resulting from transport conditio
from factory to building site.

Fig. 5.4. “Ready to transportation” VFT girder iretfactory.
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6. INDIVIDUAL PRODUCTION AND FAST ASSEMBLY

Apart from the principal of the
building contract and planner, there are 5 ,|
usually three other parties involved in a VF1 ;
construction project:

» a steel construction company,
+ a prefabricated unit constructor
* the executing company.

The steel girders are manufactured at a st;
construction works licensed for bridg
building. This company orders the sheet stg .
as specified in a structural planning. Thes **& 5
are welded into the tension-free factory for -—r

which means with a camber calculated fro# > h
geometry and the expected deformation. T~ g 3-&&\‘% \
upper steel flange is fitted with differen. g _;-; i

heights of stud shear connector for t P d‘t

"lu'-

subsequent  connection  between  tEEST -
prefabricated element flange and the in-s ;:r‘—‘" e L— ,
concrete. After inspection of_ the girdes s . ‘:L
geometry, full corrosion prevention treatment

is carried out at the Fig. 6.1. Girder assembly by  crane.
steelworks, protected from the weather and using enw@mtally friendly methods. For this
reason, damage to corrosion prevention coatingldhmi avoided during transportation and
assembly.

At the manufacturing site, the steel girder isemed free of stress in the formwork
table. The reinforcement is manufactured in sevaenéks and laid on the formwork. The end
surface of the flange are protected with forms, gnedbuilt-in components of the flange are
already integrated in the formwork. Once the prefalbed slabs have been cast, the girders
are lifted out of the formwork and stored free wé&ss on the manufacturing site, in order to
prevent unplanned deformation caused by creepinth@ffresh concrete. After a defined
minimum numbers of lay-days, the VFT girders atiedi with transport reinforcement and
taken to the construction site. Stability and Jilora problems must be accounted for in
advance by planner, in agreement with the tranaport company.

When they arrive at the construction site, theleyis are supplemented with cap
formwork, protective scaffolding and spars. Finatlye completely equipped VFT units are
laid on temporary frames with a mobile crane angpsued.
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Fig. 6.2. Transport of VFT girder.

During this process, the traffic flow underneaté #tructure only has to be interrupted during
the lifting process. Reinforcement braces to pretes girders tilting are not necessary. Only
the adjacent flanges on the prefabricated elenaatsoupled to one another.

The transverse end and supporting girders of thectste are boarded, reinforced and
concreted up to the top edge of the VFT prefalet@alement in this condition.

Figure 6.3. Lifting and laying of the VFT prefatated units.

In the constructions built so far, it has been fbuseful to set up a “chain” of subcontractors.
Here, the contractor of the principal of the builglicontract is responsible, generally the
construction company that builds the superstructureé the substructure for the principal.
This company concludes a subcontractor agreemehtpsefabricated element factory. The
latter is responsible for the production of the V§ifder, transportation to the construction
site and assembly on site.
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Fig. 6.4. VFT unit assembly during the night.

A steel construction company is contracted to mactufe the steel girders. In this way, each
party involved is able to contribute to the produttprocess with its specific specialist area.

The interfaces between the parties involved mustlearly defined and quality standards
monitored[4].

Fig. 6.5. Bridge view and transportation of the VFT girder.
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7. SHRINKAGE AND CREEPING

With the shrinkage and creeping factors to berassl) the influence of the location of
the structure during the individual phases of caasion are taken into consideration with
different basic shrinkage coefficients and basresst coefficient, as is the change in the
effective structure thicknessidof the concrete cross-sections on addition of ithsitu
concrete or pavement.

In contrast to conventional composite bridgesatgeattention has to be paid to the
shrinkage and creeping calculation for bridges vpitbfabricated composite girders as two
materials with creep tendency are involved whsgtirink and creep at different times
Furthermore, the static systems and the crosseseatnich go into state Il in the span area
change in the individual construction states. Ttresses which cause the creeping then
change accordingly.

With statically undetermined systems, the intgnstresses due to creeping and
shrinkage cause not only deformation of the gimed stress distribution of the girder and
stress distributions within the cross section bbsib @roduce “new” stresses can be calculated
using the normal methods employed in stress arsd\si
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8. DURABILITY AND MAINTENECE’'S ADVANTAGES

In VFT® system durability is assured by:

e construction solution,
» material and technological solution.

Prefabricated elements are characterized by ditsabild resistance of destructive corrosion
factors. Steel elements are protected by guarampeduing systems with 15-25 years
durability or metal painting with 20-30 years durabilityPrevention of bottom concrete slabs
surface and cross-bars is provide increased laggntyusing C45/50 concrete, which is
characterized by high density and freeze resistaBoge slabs surface is protected by
prefabricated bracketed cornice elements of polgorarete or special concrete. In
construction solutions, fostering construction dility, it's necessary to underline that:

* in the VFT® system, monolithic structure form, winiare characterized by great mass
and significant rigidity which reduces fatigue tygemage,

e compression stresses, caused by wet concrete dadd Iclose effectively micro-
scratch in concrete slabs of prefabricated unitisichkvin connection with lagging
(increased to 40-50mm), give great reinforcemeatgation against corrosion factors
penetration,

» carrying out of concrete slabs in two layers, eausoncrete shrinkage decrease.
Thanks to shrinkage, scratches are not a menamngiruction,

» the system excludes necessity of steel structoireng on the construction site;
welding and painting works are carried out entitalyhe factory,

 VFT® girders surface are free of hard to reach gdaand they are easy to maintain
and conserve.

I's necessary to underline that an increase oflility already guarantees transfer the
manufacturing process to steel construction compamy prefabricated unit constructor,
where without additional amounts of investment,liggiaf work is comprehensively assured.
For instance, carried out in optimal conditions amdler full anticorrosion protection, steel
overruns by almost threefold the exploitation peied coat [7].
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9. EXAMPLES OF REALIZATION ( IN POLAND)

To approximate the field of application of VFT syst, below are showed examples of
realizations in Poland with characteristic techhidata, lead time, data of investor and
contractor, photos of extracted bridges or durisgeanbly phase.

» Szczecin — Struga Avenue:

The viaduct enables to carry traffic without cadiis between the cars above Struga Avenue
in Szczecin.

Total length: 46,52m

Theoretical length of spans: 24,00m+ 21,00m

Total width: 12,00m

Roadway width: 7,5m— two traffic line,3,75mfor each one
Crossing angle: 79°.

Quantity of VFT girders: 2x4=8

Lead time of load carrying structur@months

Load time of whole bridge: 7 months

Investor: Urban Department in Szczecin
Contractor: BUDIMEX-DROMEX S.A.

m.l‘l'a-..

I W S
1
[ LY

Figure 9.1. Bridge view (Szczecin — Struga Avenue).
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¢ Torun — Kasciuszki Street:

The viaduct carry through Koiuszki Street above Chrobrego Street and PKP gratkhe
angle of 63° and is located in the neighbourhooHast Toru station.

Total length:

Bearing system length:
Theoretical length of spans:
Total width of the viaduct:
South roadway width:

North roadway width:

158,23m

136,25m

18,51m+ 18,52m+ 18,51+ 24,53+ 18,45+ 18,44+ 18,56
29,35m

7,00m- two traffic lane3,50mfor each one
10,40m- two traffic lane 8,50mfor each one)

and tram track3,40m

South and north bridge deck overhang width:

VFT girders amount:

Lead time of bearing system:
Lead time of all object:
Investor:

Contractor:

Fig. 9.2. Bridge view (Tonfu— Kosciuszki).

4,00mincluding2,89mwidth sidewalk
7x12=84

5 months

8 months

MIEJSKI ZARZ4D DROG W TORUNIU
BUDIMEX-DROMEX S.A.

-
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* Kije — DW number 766:

Road viaduct in Kije along provincial road nr 76@4¢26w — Kielce. National road nr 78 and
railway line LHS are located under the construction

Total length: 108,99m
Theoretical length of spans: 43,00m+43,00m
Total width of the viaduct: 12,20m
Roadway width: 7,6m— two traffic lane3,50m + 0,30nfor each one
Pedestrian sidewalk width: 2,00m
Working sidewalk width: 1,00m
Crossing angle: 62,20°with the road an86,30° with LHS
Quantity of VFT girders: 2x5=10
Lead time of load carrying structut@months
Load time of whole bridge: 12 months
Investor: GDDIK, Kielce
Contractor: PRZEDSIEBIORSTWO ROBOT INYNIERSKICH
FART Sp. Z o.0.
Prackrd| popraecoy E
- L

| Widok z boku

_— | 1 e
mrmumlrrm:nmlmnnmmmnunurfnmmmmmmmmlrrrmmmmﬂmmmnnnmmmmmulm|u||||mmm||||trllllluuﬂuuumu
L ———————————— B -+
1= 5 |

E T MT | ) R ’
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i

Fig. 9.3. Viaduct in Kije- DW nr 766, cross secti@ssembly and side view.
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* Elblgg — Akacjowa Street:

The viaduct enables to carry Akacjowa Street (withmollision) above PKP railway track in
Elblag.

Total length: 81,64m

Theoretical length of spans: 25,00m+ 30,00m+ 25,00m
Total width: 14,20m

Roadway width: 7,0m— two traffic lane3,50mfor each one
Crossing angle: 78°

Design loads: A class

Quantity if VFT girders: 3x5=15

Lead time of load carrying structur@ months

Load time of whole bridge: 7 months

Investor: GDDKIA , Olsztyn
Contractor: STRABAG Sp. Z o.0.

Fig. 9.4. VFT girder assembly (Ejg— Akacjowa Street).

*  Wroctaw — Armii Krajowej Avenue:

Road viaduct above the PKP railway track in Wroctalong Armii Krajowej Avenue (two
independent constructions under two lines) — retcocison of existing bridge.

North-West Viaduct:

Bearing system length: 75,80m

Theoretical length of spans: 5 x15,00m

Total width: 14,35m

Roadway width: 8,23-10,50m- two traffic lane3,50mfor each one,

switch lane (variable width),23-3,50m
Bridge deck overhang width: 2,60-4,87mfor pedestrian and
1,25mfor working sidewalk
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South-East Viaduct:

Bearing system length: 75,80m

Theoretical length of spans: 5x15,00m

Total width: 13,40m

Roadway width: 7,00m-— two traffic lane3,50mfor each one
Bridge deck overhang width: 5,15mfor pedestrian and

1,25mfor working sidewalk

Design loads: A class
Quantity if VFT girders: 5x5=25and 5x6=30
Lead time of load carrying structure for one lad@enonths
Load time of whole bridge: 18 months
Investor: ZARZ4D DROG | KOMUNIKACJI WE WROCLAWIU
Contractor: MOTA-ENGIL POLSKA S.A.[5]
£
.
. :' 4
-

Fig. 9.5. Bridge view during construction phase ¢&faw-Armii Krajowej Avenue).
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10.STATISTICAL ECONOMIC ANALYSIS OF EXECUTED OBJECTS

The following graphs (figure 10.1.) show total tad span carried out in VFT
technology as a function of bridge area and shéareost (%) of individual elements of
construction. Considered: single-span grid, frame t@vo-span structure (respectively upper,
middle and bottom curve on the graph). Area israefias a product of light between
balustrades and effective span length. Costs doeilated on the basis of national current
prices. In order to make use of index numbers easadculation does not include expensive
elements, conditioned by the localization, likerfdation, equipment, project and the like[7].

amOoCma
Ll i |

cisl Lo

1 — concrete of acrve shumtering (prefabricated unit) #%
2 - prefabricared unit relnforcement 17%
= VFT glrder steel
] g 1] WD L] LT T T e | | 4N s
aren powterschnm fm'] 5 decl and cross-bars Im sl concrets 5%
i — deck and cross-bars reinforcement 109%

Fig. 10.1. Cost [zf] depending on span are3 pnd average costs structure of superstructuxéafspan.

The following graphs (figure 10.2.) show depen@ehetween span and construction
depth. The left graph show result for grips (sirgp@an — upper curve, two-span — bottom
curve), and the right graph show result for frampper and middle curve correspond to,
respectively, support and span depth for variablgldframe and bottom curve corresponds
to constant depth frame[7].
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Fig. 10.2. Dependence between span length [cmEanstruction depth [mm].
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11.FUTHER DEVELOPMENT AND CHANGES

The VFT construction method has established iisethe last years [4] for the cost-
effective production of well-designed structuresr Byover, underpasses and bridges, it can
be regarded as a proven construction method. Tbisess is attributable i.a. to:

* low construction costthanks to material savings in the structural steel
» short construction timéhanks to high degree of prefabrication,

» sound calculation basi®r the construction company,

» good testability of the structure substance

* durability and simple subsequent strengthening

The VFT method is developing constantly furthed dmding additional areas of
application. To an increasing extent it is prefeeeffor flyovers over existing traffic routs
with planned centre pillars by replacing two-spaiddes with single-cell frames. Monolithic
frame system with large slenderness allow the eesuipport to be eliminated. The critical
precondition for the competitive success of the \fadthod is the costs for traffic diversion
measures, such as traffic guidance measures aoakdeand operating difficulty costs on the
railways are included in the tender along with ttenstruction costs. It would also be
expedient to give consideration to the reductiorcast for the user through improvement
constructions when evaluating the tenders.

Railway structures thus offer a wide range of pbét applications. Here construction
work has to be carried out under the pressurenoé @nd space. In inner-urban areas, the
construction height plays the major role. The VE3$tem permits a high slenderness with low
deformations rates under traffic loads.

Further fields of applications are opened up adfitr routs over waterways. Here the
transport length are limited only by the dimensddithe lock chambers. The VFT girders can
be optimally linked to the substructures in theriyldesign. A new dimension is opened up
for span widths and slendernesses in bridge cartsiru

For surmounted structural elements such as framkswar arched bridges, the girders
are employed as secondary elements in transversetidn. This again results in economic
benefits.

For the production of the girder, the use of wligrders will grow in importance.
Here an external presstresing of the girders ie@wnt in order to permit an economical
exploitation of the symmetrical profiles. Under gbeconditions, a great future can be
predicted for this method of construction [4].
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12. ADVANTAGES OF VFT BRIDGES

Advantages of VFT® system:

Use of VFT® girders is particularly economicallysiiiied in difficult local conditions.
Around 80 bridges in VFT technology were built ine@any. This system brought
measurable benefits for all participants of theesttnent process, namely:

To

=1

2.

3.

FOR INVESTORS

It made it possible to order economical constructim particular structure-
architectural demands.

High degree of prefabrication makes possible cag@foduct control and guarantees
right and ecological anticorrosive protection.

Thanks to simplicity of cross-sections current cointof bridge’s condition is
facilitated, and maintenance costs are relativalyer.

In case of viaducts above highways there is a piiggito give intermediate supports
up, which raises traffic safety and eliminatesfitafrrestment, route determination
and protection of temporary diversion.

FOR BRIDGES COMPANIES:

It ensures minimal executing risk. The solution/FT® system are usually offered

as an alternative proposal with cost-consciousutation supported on real BOQ (Bill

of Quantity) and known construction cycle, whicle aot burdened with mistakes in
assessment as a result of conditions imposed bgrerdvery often impossible to

meet). The estimate of these proposals is also owmprehensible. They do not have
to be considered individual.

FOR CONSUMERS:

Bridges executing without collision is safe for samers, because there is no device
protecting the building site on the road, there rawdabour vehicles and bothersome
traffic congestions.

Low quantity of main girders cause traffic to bepged only for a short time and
practically it do not pose danger.

Thanks to architectonic virtues, the new bridgesubify the landscape.

recapitulate, the VFT ® system advantages are:

Low cost of bridge executing due to material sasjng

Short time of carrying out process resulting froighhdegree of prefabrication;
Complete costs calculation;

Easy control of bridge conditions;

Minimization of costs connected with traffic orgaation and protection;
Durability of the bridge.
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The VFT® system is applied in crossing above thistiexy traffic, especially where it is
possible to replace two-span construction withrtdiate support for single-span frame and
railway engineering, when the investments are earout in difficult spatial conditions with
strict time limitations. With VFT girders you camsign span with small construction depth
and small deformations, which is important in cabenodernization of viaducts over active

railway tracks. The VFT girders can be applied ias$ and arch constructions as the
secondary elements[10].
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13.NEW TYPE OF VFT: VFT-WIB

In the beginning of the 1980th threrfobond-stripwas developed as a continuous
connection between steel girders and concrete.ridnaged steel strip is vertically welded on
the upper flange of a steel girder. A part of therangs in the web are reinforced with
horizontal rebars to improve the shear transmisaiwt to avoid the uplift of the concrete
slap. Further investigations have shown that thimection, so calledomposite dowelss a
very reliable construction under dynamic loads. Themate limit state is accompanied by
large displacements [8].

13.1. Differences between VFT® and VFT-WIB® method, Compsite dowels
connections — types

The composite dowel connectias implemented in th¥ FT-WIB® method. It is a further
development of the VFT® method carried out by SSEHMITT STUMPF FRUEHAUF
UND PARTNER). The difference between these two m@s$hs the design of the steel girder.
For VFT® construction method the steel girder independent structural element with upper
and lower flange connected by a steel web. The VIHB® girder is a beam withexternal
reinforcement” placed on the tension side.

.H_-u‘_—---l-r—"_ i) X .I; ]
| A -
m—{—“*-‘—
L —— —

Fig. 13.1. The VFT-WIB® girder.

This “external reinforcement” in the shape of asTrianufactured out of a rolled steel section.
In the composite beam the flange of the rollediseds bearing tension, the upper flange
compression. The shear connection between the dhadteel girder and the concrete is
provided by steel dowels manufactured by a specitiing line of the web (Fig.13.3.). This
composite dowel can be designed in different shéfigs 13.2.).
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Perfobond

Puzzle

Fin-cut

Tenon-shape

Fig. 13.2. Different cutting lines for compositevells (Perfobond, Puzzle, Fin-cut, Tenon-shape)

The steel works to manufacture these compositeetdoare simple and cost effective.
Neither for producing the steel beam nor for plgdime connectors welding is necessary. The
halved steel girders are completely assembled enstieel mill and coated for corrosion
protection. The production costs for steel girdeaa be reduced on 60% of a welded steel
girder with headed studs [8].

Fig.13.3. Cutting line of the web.

~ 35 ~

1 UNIVERSITAT POLITECNICA

{3 pE caTALUNYA



VFT® — Prefabricated Composite Construction Method

13.2. Description of VFT-WIB®

This method is based am rolled steel beam cut longitudinally in two T-demns.
Furthera_concrete top chords added, composed of a prefabricated part andriavwhich
subsequently added on site to achieve the finascsection. This method is a very flexible
solution offering varies cross section possib#itaecording to the design requirements[9], see
figures 13.4 and 13.5.

/
I;’////////

Fig. 13.5.VFT-duo-WIB with two halved rolled beams, the construction heig limited by the maximum height of the
rolled beam.

The cutting line of the rolled beam has a special shape and creategosite dowels
identically to continuous shear connectors mentidmefore. In figure 13.6. cut beams already
assembled to pairs are shown during appliance etctitrosion protection. In the next step
reinforcement bars are places through the cuttivage (figure 13.7.) and concrete top chord
is concreted to produce a prefabricated bridge ehem

Fig. 13.6. Rolled girders after cutting and coaiim¢he shop Fig. 13.7. Reinforcement for prefabdadatoncrete
plate
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The shape of the cut hereby allows for the sh@asmission in the shear joint already in the
construction stage similar to VFT®-constructionsibSequently the prefabricated bridge
elements are transported to the site (figure 13p8ared on the abutments (figure 13.9.) and,
finally, the residual concrete chord is added.

Fig. 13.8. Transport of the VFT-WIB girders from the Fig. 13.9. Placing of the VFT-WIB girder

concrete plant to the construction site with68#) length

As a result VFT-WIB construction, with the use bétstate of art concerning the concrete
dowels technology and integrating the advantaged/I6T®-constructions, are meet the
following targets for competitive and sustainaldastruction:

High safety standard for vehicle impact, especitilybridges with only two girders
(shock),

Reduction of coating surface

Shear connection without fatigue problems,

Elementary steel construction nearly without anydng,

Sparse maintenance and easy monitoring [9].
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Fig. 13.10. Cutting line.

In the following more details of experimental inrgations and design concept for VFT-WIB
constructions, especially on the steel part ofcthecrete dowels, are presented.

® FAILURE CRITERIA OF CONCRETE DOWELS:

The bearing capacity of a composite dowel is lichiby steelor concrete failure In a good
design both failures of a concrete dowel are ba&dmnup to the maximum loagtee! failureis
limited in theultimate limit stateby

a) the shear resistance,

b) yielding due to bending of the dowel
and in thefatigue limit stateby

c) fatigue cracks due to dynamic loading, seeréidiB.11.

S S22 S

a)

Fig. 13.11. Failure modes for steel.

Concrete failure is characterized by several failure modes. Whiabdenfinally occurs
depends on the boundary conditions like geomewynciete grade, reinforcement design,
adding of fibers etc.

x OPTIMISATION OF THE CONCRETE DOWEL BY EXPERIMENTAL
INVESTIGATIONS:

Static as well as cyclic tests on varies shape®ofinuous shear connectors using the
concrete dowel approach have been performed inlasie years. First, tests have been
conducted on the Perfobond strip, characterize@usyouts in a steel strip used for shear
connection, leading to the [DIBT 1991]. Later, $ekicusing on composite dowels especially
designed for the application in VFT-WIB construagchave been carried out [Schmitt et. al.
2004].The Push-out Standard Test®OST)according to EC4 (figure 13.7and beam tests
have been performed. In the tests concrete fadlsneell as steel failure has been observed. It
has been concluded, that the ULS resistance doftdes is almost independent from the shape
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of the dowel. However fatigue cracks accordingigore 13.11. c) have been observed in the
POST after2 million load cyclegP612 2007]; they have been caused by a very Ieig# of
stress amplitude in the tests. The fatigue cratisewed have a limited propagation due to
the fact that the steel part is compressed in @8TP(equivalent to negative bending moment
region); thus a subsequent ULS-test resulted insignificant decrease of the residual
strength.

Therefore the ultimate limit state design seemstode so important for the shear
connection in VFT-WIB bridges compared to the fa¢idimit state

Consequently an additional test program has beérug in the scope of [PreCo-
Beam*] to investigate in the following:

- Influence of the shape of dowel on the pressurél@rooming from concrete to steel
dowel to estimate the loading on each dowel;

- Dependency of the ultimate bearing resistance lamdatigue resistance of the steel on
the shape of the dowel with regard to derive mecdahrmodels and equations for
design;

- Influence of the dowel shape, reinforcing and getoynef the composite element on
the concrete failure at ultimate limit state.

One crucial aspect, especially for the fatigudfieation of the steel dowels, is the
superposition of stresses resulting from sheanencomposite joint and global bending of the
beam (normal stresses in the web). In case of eretendowel located in a tension zone of the
web, fatigue cracks would propagate through the waeth possibly into the flange which
causes not only failure of the shear connectioncdollapse of the composite beam. Hence
new POST specimens (NPOTHad to be developed to simulate the behaviour shear
connector located in the tension zone [PreCo-Beagd,figure 13.13, and fatigue tests have
been conducted on three different shapes of sloeaectors, see table 1.

al — Reference point a

COMPOSITE SPECIMEN P el ik MAMN STEEL PART OF SPECIMEN

shoal’
concreta

— suppon E 3
reinfortesnen bars”

Fig. 13.12. POST

As expected one crack in tH®Z shapecould be produced with the NPOT fatigue tests
according to figure 13.11. c) and, according togkpectations, the crack propagated through
the entire web. However, only one of the specinextsbited a fatigue failure.

* PreCo-Beam(Prefabricated Enduring Composite Beams based amvéative Shear Transmissiois)a big project financed
form European Union resources (Research Fund for &Pabsteel).
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Tab.13.1. Comparison of shapes with results fronNROT fatigue tests [PreCo-Beam].
SA CL

PZ
) B Wl P d)

As conclusion of the test series tpazzle shape (PZhas been chosen to be the most
promising shape considering of fabrication aspdxaring capacity and fatigue.

x ANALYSIS OF LOADING ON THE STEEL DOWEL

In addition to the fatigue test a static NPOT be €L_shapeconnector has been
carried out with a large number of strain gaugethatsteel dowel for analyzing the stresses
and for the calibration of FE analyses carriedsmoiultaneously with the tests. The results of
the test have been in accordance with the numesiglts and the numerical model has been
modified for thePZ shapereference is given to in this paper, see Figuré4.3

In the first step an analytic model for the lolbahaviour of a shear connector has been
introduced. Here the puzzle geometry has been éaclsowever it is possible to transfer the
approach to any geometry for each inventor of a steape

The local approach is based on the load introdocbn single tooth. Hereby S
represents the centre of the projection @@ shearing directiorsis the distance from the
centre to the base of the shear connector. Indi@3c14 for example, as projection area only
the area constricting a concrete block on fronthefdowel should be considered.

The force on each steel tooth is composed by thardbrce in the composite joiRt and the
stress distribution due to the global loading deloggnon the geometry of the composite cross
section; Pup for the uplifting forces due to thealon of the shear joint in respect to the
neutral axis of the cross section ang for the notching effect from the nominal stresshaf

steel section, see figure 13.15.
1:. o

P. and Py, Ore
Fig. 13.14. Geometry of puzzle tooth (PZ) Fig.1B3.Forces on the steel dowel (PZ shape)

For the determination d®, it is conservatively assumed that the load distrdn
along the height of the dowel is constant and foeed>; is located ahs.

The uplifting force Pup is resulting from the estieity h’ of the shear joint to the
centre of the composite compression chord, seeefid3.16. The trajectory generates an
uplifting force on the steel dowel which would besped out of the concrete section if the
shape of the steel dowel doesn’t contain an undlerence the undercut of the steel dowel
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implements two functions; first, it generates the Sress state for the kernel of the concrete
dowel and second, it locks the shear connectiomaaplift in vertical direction.

Fig. 13.16. Uplifting force due to eccentricitytbe shear joint to the neutral axis at support.

Fig. 13.17. Determination of ffor ULS and SLS.

The determination of the uplifting force is basewd h’; depending on the stress
distribution of the composite section, see figuelX. In the following full shear connection
is assumed. It is required to differentiate betwésn ULS and the SLS respectively the
fatigue design. Further the construction stageg @abe considered.

Generalised Pup is therefore calculated accordirfigaire 13.16. as

h/
Pyp =P —

. [kN] Eq.13.1.
with h' < e, elseR,, < P;.

The 6y¢ is the notching effect on the normal stressesienvieb of the steel girder due to the
shape of dowel. The increase in stress hereby dspenthe geometry of the dowel.

On the basis of aREA (figure 13.18) it has been concluded, thatdepends directly

on the ratio of the connector length to the radiithe cut oui(bs/R), but not on length and
radius separately. Moreover, the heighdf the dowel is unimportant for the notching effec
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&
Fig. 13.18. FE model for analysis Fig. 13.19e$ distribution due to notch effects.

On the basis of an extensive parametric study ubi@d-E method the notching stresses have
been derived to

_ N
Ope = lBN *ON mm2 Eq.13.2.

with the notch factor
2
By = [1,192 +0,1029 - (%1) ~0,0022 - (%1) ] @) [-] Eq.13.3.

wheref (@) expresses the decrease of the amplitude alonmutieut
f(a) =0,9077 + 0,0104 - « — 0,0005 - a* [—] Eq.13.4.

The higher the ratib,/R of the tooth, the higher is the notching effegbressed by the factor
Pn- Thus, not only the sharpness of the notch itaalifalso the increase in stiffness depending
on the length of the dowel is influencing the nogtfect, which is in accordance to the effect
of longitudinal stiffeners.

x STRESS ANALYSIS ON THE STEEL DOWEL

For the validation of the loading on a steel doewadl the resulting stresses the modified FE
analysis to the PZ shape has been consulted. Edodhl effects due to longitudinal shear,
the model presented in [PreCo-Beam] was modifieshéalel (M3)according to [Lorenc et.
al. 2007]. The stresses due to the notching etiethe nominal stresses in the web and the
uplift forces have been calculated considering othlg steel part iimodel (M2) The
geometric properties of the dowel have been chtsdn = 125mm, h = 100mm; the web
thickness of the steel beam has bgen 10.2mm.

In figure 13.20. the influence of the loading o Hiresses of a single puzzle tooth has been

evaluated along the cut. For this purpose, sepagitalations have been conducted for
P, = 50kN, R;, = 50kN and the global stresses in the wels S50N/mnd.
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Consequently the influence of each loading parammtethe stress distribution along arc
length has been compared with each é&geand U (figure 13.20.) and an analytic model has
been derived for the ULS and fatigue design okalslowel.

— Stress vs. 5
on= 50 MPa

cil-.l"ll'll

_________

__________

0 n v SOlimaz :
0 10 20 s [mm] 3g : S ¢
L: calculated Wl.ﬂ'T P. P =50 kN e | M2
U: calculated with Pyp = Pty = 10,2 mm Mesh size: 1mm

Fig.13.20. Stresses in steel dowel along arc kefrgtn specific actionssye (o4, o), P: (L) and R, (U).

»® ULTIMATE LIMIT STATE DESIGN OF THE STEEL DOWEL

In [P621 2007] continuous shear connectors haes Bxperimentally investigated.
Hereby cracks in the steel strip have been obsemedeas the concrete matrix has not been
significantly damaged (figure 13.21). In referemaehis failure mode a steel failure criterion
has been derived.

For its application for VFT-WIB bridges this fortauhas to be modified to cover the
additional uplifting forces from the global geometf the cross sections, see figure 13.22.
However the overall assumption, that the resultimaximum equivalent Von Mises stresses
do not exceed the yield strength is kept as bdgissign.

Consequently the bearing resistance of a singdel both Prq is determined in
dependency of the loading specified and in accarelavith [P621 2007]. Hereby influence of
the increase of the nominal stresses of the semtios due to the dowel geometry has been
neglected as it is insignificant in the plasticigas
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Fig. 13.21. ULS-failure [P621 2007] Fig. 13.Earces and stresses in a critical section at ULS
Thus, the following design criterion is derived:

fy'tw'biZ
Payc = 2
h'j-(b2+b3) 2
\](4'hs,j+lT) +3'bi

with  f, Yield strength stee[l#],
t, Plate thickness of web [mm],
hs;  Distance of centre of gravity to critical sectioh; — (1 — cosa) - R [mm],
b; Width at critical section 3; — 2 - sina - R [mm],
h'y, =h"—(1-cosa)-R,
e, distance between connectors, fig.13.16.
a angle along cutting edge, fig.13.14,

[kN] Eq.13.5.

For the puzzle shape the maximum equivalent ssess@ved from equation 13.5 has been
located to be at = 70°for the POST which is in accordance to the tesss,figure 13.21.

x FATIGUE RESISTANCE OF A GAS CUT EDGE

The fatigue design of the steel part is divided iwvo parts. One part is dedicated to
the fatigue design of the web taking the increasstiess due to the notching effect of the
steel tooth into account. The second part tregt®#timation of the fatigue stresses along the
gas cut edge of the dowel itself, considering tfiece of the shear stresses as well as the
nominal stresses in the steel section and theificagron.

However at first, the fatigue resistance of a@asdge has to be specified. According
to the Eurocode [EC3-1-9] the fatigue category ajas cut edge is 140 when subsequent
dressing is applied. Hereby all visible signs ofjeediscontinuities have to be removed. The
cut areas are to be machined or ground and alé boitoe removed. Any machinery scratches,
for example from grinding operations, can only leaflel to the stresses. If the cut has
shallow and regular drag lines with cut qualityaticording to EN 1090 (for railway bridges
cut quality | [DIN FB 103]) the fatigue categoryrisduced to 125. For both categories repair
by weld refill is not allowed. Re-entrant corners & be improved by grinding appropriate
stress concentration factors.

Therefore the roughness and cutting tolerances the oxy-cutting process have been

measured in dependency to the cutting speed. Butseare shown in table 2. The deviation
is small and all cutting surfaces are class |.
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Tab.13.2. Comparison Roughness in dependency aiittiag speed.

Cutting speed v | Medium surface roughness Rz | Tolerances of rectangularity and inclination
350 [mm/min) 43 =63 [um] 0.10 [mm]
500 [mm/min] 20 = T4 [um] 0.40 [mm]
650 [mm/min] 40 — 62 [um] 0.25 [mm]

In addition knowledge on the fatigue resistandeusd in the research project [P185].
In this project the influence of the cutting qualdn the fatigue design made from fine-grain
steels (according of today’s EN10025-4) has beegsitigated. It has been noted, that the
initial crack occurs from the blasted surfacethe_heat affected zone (HAZyom cutting.
However it has been noticed that short stoppinghef flame cutter decreases the fatigue
strength t60%. This results from the change of the failure atitin to the cut edge. Further
it has been observed that hammering (an effectlwhiay occur due to hammering of the
continuous shear connector in gaps from which filedgtconcrete may have disappeared),
cutting speed, warming before cutting and matesti@ngth have hardly an influence on the
fatigue strength.

Therefore crack initiation occurs in the HAZ alaihg cut. The design value is therefore
conservatively derived tacC = 125 N/mm2. If stopping of the flame cutter qawmt be
avoided it should take place at an irrelevant ioceih terms fatigue.

®x FATIGUE DESIGN OF THE STEEL WEB

Due to the notch effect of the steel tooth thesstes of the web along the cut edge are
increased. The reduction due to the geometry ispeoable to the effect by longitudinal
stiffeners, however only the geometrical effect ttabe considered as the material notch due
to welding is inexistent. Therefore the fatigue ifigaition has to be performed with the
fatigue category of gas cut edgesc = 125 N/mm2 according to [EC3-1-9] and:

N
AGE,Z = AO—N,W . lBN [mmz] Eq.13.6.

with Aoy, relevant longitudinal stresses in the web alomgabttom line of the
connector,

By  according to equation 13.3.

® FATIGUE DESIGN OF THE STEEL CONNECTOR

Fatigue crack initiation and propagation dependtlon principle stresses along the
cutting edge. To derive an analytic design modefdtgue verification the principle stresses
have consequently to be considered, which are sgobperpendicular to the radius (figure
13.23).
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Fig. 13.23. Analytic model for principle stresses Fig. 13.24. Principal stress trajectories in dowe
(in dependency of the angutayj. (R and R, # 0 andoy, influence).

With the loading defined previously and in deperoyeor o, the following fatigue load
resistance has been derived:

twb?
3-h';-(b2+b
3h'y(batbs) 3))-sina
2-ex

Aﬂﬂ=@%—%'MwJ [kN] Eq.13.7.

br-cosa+(6-hsi+

with Ao, Fatigue strength of gas cut eo[gfevﬁ] ,

n(90—a)(%b1—sina-R)

b, arc length at critical section = [mm],
90-cosa

hgi, ty, h'i, e, a see equation 13.5,

Aoy w, By see equation 13.6,

For the puzzle geometry investigated the maximumcjple stresses along the cut edge have
been derive at an angle= 20°.

® SUMMARY

Further the main problems for VFT-WIB constructiondesign have been identified
based on experimental results from the previoussyaad own test results. Especially the
fatigue design of the steel tooths of continuowesasltonnectors are here to be noticed.

Consequently a design concept for the steel pardatinuous shear connectors applied in
VFT-WIB constructions has been derived. Main fohas been laid on the analytic approach
for hand calculation and its validation by expenitaé results and FEA.

However it is also possible to calculate the Vorsddi and the principle stresses resulting
from the local loading by FEA and to derive shapactions for each connector. These
factors, Ael,L and Ael,U are embedded in equat®ifer the final design with global loading
[PreCo-Beam].

~ 46 ~



VFT® — Prefabricated Composite Construction Method

L. |y .2 (L tana 7. N
o= 5 vV = (Ael,L + Aew) + M-z ,BN,W] [mmz] Eq.13.8.
with  V,M global transversal force and bending mommarbeam, respectively,

z distance of bottom line of steel dowel to ndudsas,

ay uplift angle, see Fig. 13,

tw web thickness,

1,,,S, second moment of area and moment of area of géeglrespectively[9].

13.3. Examples
* The road bridge crossing the railroad line in Pdcig:

The 100 year old bridge in the Community of Pogkwhich links the village with
Lake Starnberg was reconstructed in 2004. A plastexo install a lift to the platform which
extends under the bridge, in order to allow dishldassengers access to the railway station
below. In a move to avoid excessive deformatiomvben the lift and the bridge, the structure
was designed with two spans and a central pilldre DBridge, including its recessed
abutments, thus has a span of 2 x 16.60 m. Theiemtadf the road only allows a low
construction height of 0.80 m. The bridge crosdes railroad line between Munich and
Garmisch that is heavily used by long-distance landl trains. It was therefore necessary to
complete the superstructure as quickly as possible.

The cross section of the bridge accommodates 3WH girders, each with a height
of 0.55 m and a width of 3.20 m each. In order wmpéify the laying process, the
prefabricated elements with a length of 32.0 meedtacross both spans (Fig. 13.25). They
were lifted into the structure during one night.eTfiame corners were cast in concrete,
together with the 0.25 m thick deck slab, so that@cell frame was created (Fig. 13.26).

The rolled steel girders (HE 1000 M) belong to duatlass S460E. They were laid at a
distance of 3.6 cm from each other and are condewtih each other by a steel frame. Both
girders are supplemented by a flange and the speateeen the girders is filled in with
concrete (Fig. 13.27). This robust design of theposite girders increases their rigidity so as
to absorb traffic loads in a vertical direction apdssible impact loads in a horizontal
direction. The complete failure of a main girdeotigh an impact can thus be excluded.

The construction method applied in Pécking provedée very economical, with the costs

amounting to € 1530/m2 (app. 1800 $/m?2) of bridgeaaThe invitation to tender was open to
secondary offers.
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Fig. 13.25. Cross section of the bridge in Pdcking.

1] L E]

Fig. 13.26. Longitudinal section of the bridge itcRing.

mpi—

Fig. 13.27. VFT-WIB girder of the bridge in P6cking.
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* The road bridge crossing the railroad line in Gatlg:

Less steel is needed when the halved rolled giradétis the cuts serving as concrete dowels,
are used as external reinforcement. The web oftded girder with the dowels is integrated in
the reinforced concrete web. The shear forces aalyncarried by the concrete web, the
steel flange serves as reinforcement. Using thighode haunched girders with a

longitudinally variable web-height are easily pbssi

This method is being applied in a bridge in Austneer the railway line Salzburg — Worg|
(Fig. 13.28, 13.29). The length of the 4-bay bridgeB0 m. The superstructure is rigidly
connected with the columns and the abutments. Thpesof the concrete dowels is being
modified, the new form looks like a fin. With thewa form the concrete dowels (Fig. 13.30,
13.31) reach a higher bearing capacity. Severah-pus tests have been carried out at the
beginning of the project with good results, whicvé been confirmed in tests with single-
span girders[6].

18.60 } 19.50 i 18.50 ' 18.60

Fig. 13.28. Longitudinal section.

1.50

1.78° 4 1.78° 4 178 21' 1.76°
L T.20 1 2B

Fig. 13.29. Cross section.
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150 Diibelkennlinien
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Fig. 13.30. Characteristic load-slip-relations gewel. Fig. 13.31. Web — Cut — Line.
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14. THE BASICS OF STATIC AND DIMENSIONING ANALYSIS

To show the differences in design process betwgsoal composite bridges and bridges with
composite prefabricated girders, two 50,00m lermgthtinuous beams (two spans: 25,00m +
25,00m) have been proposed:

* VFT bridge (see point 9.1),
» Composite bridge (see point 9.2).

14.1Preliminary draft for VFT bridge

CROSS-SECTION B-B
—
—
1152
101 475 | 475
51, 50 |25 450 : 450
1
@ Wearlng course-ASPHALTIC CONCRETE (SMA) Sem @
x BInding course-GUSSASPHALT 4cm 5
2 THERMAL INSULATION 2
u I+] N SITU CONCRETE SLAB 21cm 5]
. = PREFABRICATED GONCRETE FLAMNGE 10-12cm =
54 4
- JAWOR g
z - - SYCOW z
Qo =]
8% 2 I o 2%, JEs
> = e o e e e, L b e b
B = T il { E I1 Il
S S - T A
° N 2 piaooxts || | ] et 1 P
35 1 I 270 [ | 200 / i 210
@l pl 200x10 pl 1000x10 2| @ -
= 1000 = =
pl 500x40 1
- a§0 — -
= =1 = ==
‘ 1
11
HG UO 0 50 gig 50

Fig. 14.1. Cross-section consisting of 4 VFT girders

SIDE VIEW LONGITUDINAL SECTION A-A

SCALE 1;100 SCALE 1:100

gl

Fig. 14.2. Longitudinal-section of VFT bridge.
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14.1.1.Statement of the loads

 Dead load of steel construction:
- Steel girder:

A = 0,0345m? I, =25m x4
- Rib:
A, =0,00211m? u, =8x14

¥s =785 % + 1,4% — addition to weight of welded steel construction

Characteristic load:

(785’<’§+14’<N)

25,0m

kN
g" = (0,0345m?2 - 25m - 4 + 0,00211m3 - 8- 14) - _11'78W

Design load:

o kN kN
g¢ =gs"-12=1178— 12=14,14—

» Dead load of wet prefabricated concrete flange ¢fo girder):
kN
Ay = 0,300m? Ve =26—

Characteristic load:

26kN— 7, 80kN
gpf_m m

Design load:

o kN kN
gy =95} 12=780—"-12=9,36—

~52 ~



VFT® — Prefabricated Composite Construction Method

TOTAL LOADS FOR ONE GIRDER:

Characteristic load:

kN
(gs) (11,78%7) kN kN
ch ch m
= = 4+780—=10,745—
gi 4 T 9vr x0T m
Design load:
kN
d _ (‘gg)_|_ a =w+936k_1v= 12 895k_N
gr =—4 T 9pr 4 S 0
* Unloading of prefabricated concrete flange:
kN
Ayr = 0,300m? Ve=-1—
Characteristic load:
kN kN
h _ —
g =0,300m? - (—1 W) =-0,3—

Design load:

d _ ch _ kN _ kN
Jups = Gupr 1,2 = —0,3%' 1,2 = —0,36;

» Technological load:

KN
m2

W, = 10,82m Ve=15

Characteristic load:

kN kN
gf" =10,82m- 15— = 16,23 —
m m

Design load:

a ch kN kN
g¢s = 9¢ 1,3 = 16’23?. 1,5 = 21,1;

+ Dead load of wet concrete deck slab:

Ay = 2,2116m? Ye =262
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Characteristic load:

ch _ ) kN _ kN
Gas = 2,8448771 . 26F = 57,50;

Design load:

d ch kN kN
9as = Yas * 112 = 57’50% ' 1'2 - 69,00?

TOTAL LOADS FOR ONE GIRDER:

Characteristic load:

kN kN
ch ch 16,23 —+ 57,50—

h o ch (gt +gds)_ kN ( “2m ’ m)_ kN
git' = Gupr + 5 = —03_—+ Z = 18,124
Design load:

kN kN
d d 21,1— + 69,00 —

d d (gt + gds) kN( ~m ’ m) N

= Mt T 2dS) - 0,36— =22,165—
gll gupf + 4 ) m 4 ) m
= Phase 3

* Unloading of deck slab:
tas = 0,21m Ye = —1—

Characteristic load:

ch kN
Juds = 0,21m . <—1 m—) = —0,21m—
Design load:

d ch kN kN
Guds = Yas * 09 = —0,21W' L2=-0, 189?

* Weight of equipment:
PART 1 (for the “deck overhang? 0,65m width)

- Bridge deck overhang:
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A, = 0,3211m? U, =2 Ye = 25%
- Stone curb:
2 kN
A, = 0,0388m Uge = 2 Vstone = 27—

- Crash cushion (I assumed 1,0kN/m for each barrier)

kN

Gcc = 1,0? Uee = 2
- Insulation:
t; = 0,01m yi =147

Characteristic load:

kN kN kN
gt = (0,3211m2 +2-25—+0,0388m* -2+ 27—+ 1,0 —- 2) : +0,01m
m m m

kN kN
14— =31,14—
m m

0,65m

Design load:

d ch kN kN
Ge1 = Ye1 * 1,5 = 31:145' 1,5 = 46’71W

PART 2 (for the “pavement™ 9,5m width)

-  Pavement:

t, = (0,05m + 0,04m) = 0,09m Yy = 23%
- Insulation:

t; =0,01m Vi = 14%

Characteristic load:

. kN KN kN
Je2 = 0,09m . 23$ + 0,0lm . 14$ = 2, 21@

Design load:

kN
95 =95 -15=2.21

kN
—2' 1,5 = 3,315—2
m m

* Live loads:
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Live loads (B class bridge) according to [PN-85(830] > scheme:

- % % 11

=

AN | s

- Automobiles, B class according to [PN-85/S-10030]:

Characteristic load:

cn_ KN kN
o =357 =35,
Design load:

ch kN kN
qd = q¢ 15—3— 15—4—5—
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- Kvehicle, B class according to [PN-85/S-10030]:

Dynamical coefficient

¢ =1,35-10,005-25m = 1,225 <1,325

Characteristic load:

PSh = 75kN

Design load:
P¢=Pc"-1,5-9 = 75kN - 1,5+ 1,225 = 137,8125kN

14.1.2.Structural analysis

FREE SUPPORTED BEAM:
o]
IRy
e T 7
! S Influence line of
© bending moment
w; = 78,125m?

ch ch kN 2
Mi" =g/ - w; = 10’745W' 78,125m* = 839,45kNm

d d kN 2
M? = g? - w, = 12,895— - 78,125m? = 1007, 42kNm
m
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FREE SUPPORTED BEAM:
gu
NN
s | 7\
I O] Influence line of
© bending moment

W = 78,125m2

ch ch kN 2
Mii* = gif' - oy = 18,124 —- 78,125m” = 1415, 94kNm

d d kN 2
Mfj = gff - oy = 22,165— - 78,125m® = 1731, 64kNm

=» Phase 3 CONTINUOUS BEAM:

LONGITUDINAL ELEMENTS:

x COMPOSITE GIRDER:

Geometrical characteristic of prefabricated compisgirder section:

STEP_1: (equivalent section “in situ” concrete slab + pgabricated concrete flange)

Geometrical characteristic of “in situ" slab:

» Concrete slab (B40 according to PN):

I, =0,002084m*

A; = 0,567m?
E, = 36,4GPa
Ay
2700
v s s s s 7 7S s s 7
8‘9' //////// ///4///05////71/////////7)5>
N8 ///7////////////1/////////// S
= R4 L L L £ L v v 7
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Geometrical characteristic of prefabricated corterflange:

» Prefabricated concrete flange (B60 according to: PN)
I, = 0,0003145m*
Ays = 0,300m?

E,; = 41GPa

56

2700

S S S S S S S S S S S
v 4 7 v 7 s 7 v 7 s 7 ‘»
s/, L s s 7/, v

64

Equivalent section

» Distance between centres of gravity of concretegiéaand steel beam
- a=0,161m
» Distance of extreme fibres:
In situ concrete slab:
- Top fibres: v, = 0,105m
- Bottom fibresv, = 0,105m
Prefabricated concrete flange:
- Top fibres: v, = 0,056m
- Bottom fibresy, = 0,064m

_Ey _ #1GPa _ .
" = E T 364GPa "
L A _0seTm?_
0= n, 113 o
I, 0,002084m* .
Iy =—=———"""=10,00184m

1, 1,13

» Distances between centre of gravity of equivalestisn and concrete slab / steel

beam
@ Ay +Ag, Asp-a  0567m?-0,161m
— =" = = = 0,105
@ Ay, T A,+4, 0300m?+0567m? m

a;=a—a, =0,161m —0,105m = 0,056m
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- Top: a; =0,056m
- Bottom: a, =0,105m
B
7 7 7 7 7 7 / -
///////////////4////05/ ///////////////// Xs
— ///7////4/////////#//f/////ib
(o] 1. .S 7T i AN A //Tix‘
— S S S S S S SSSSSSrS S S S S S S SSSSsSS s
v /// /// T /// /// //// /// //’/ //// /// % /// /// o /// /// s e )&
Kp} Opf
o
—

* Area of equivalent section:

Ac = Ays + Ay, = 0,300m? + 0,502m? = 0,802m?

* Moment of inertia of equivalent section:

I = Lys + Iy + App - ap + A, - af
= 0,0003145m* + 0,00184m* + 0,300m? - (0,105m)* + 0,502m?
-(0,056m)% = 0,00704m*

STEP_2: (equivalent section composite concrete slab &el beam)

Geometrical characteristic of composite concrésds

» Composite concrete slab:
I, = 0,00704m*
A, = 0,802m?
E, = 41GPa

Geometrical characteristic of steel beam:

e Steel beam:
I, = 0,005494m*
A, = 0,0345m?
E, = 205GPa

~ 60 ~
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Equivalent section

» Distance between centres of gravity of concretegaand steel beam

- a=0,919m
» Distance of extreme fibres:
Steel beam:
- Top fibres: v, =0,750m

- Bottom fibresv, = 0,305m
Composite concrete slab:

- Top fibres: ye =0,161m

- Bottom fibresy, = 0,169m

E, 205GPa
n,=—-———-—--—=
® " E,  41GPa
A. 0,802m? )
Ay =—=—""—=10,1604m
n 5
@
I, 0,00704m* .
log =—= — = =0,001408m
Ny
» Distances between centre of gravity of equivalestisn and concrete slab / steel
beam
a  Ap+Ac, Ay a 0,1604m? - 0,919m 0 756
—_— —— - a, = = = m
ap Acy T Ap+A, 00345m2+0,1604m2
a;=a—a,=0919m —0,756m = 0,163m
- Top: a; =0,163m
- Bottom: a, =0,756m
A7
2700
8 L //// /// //// //// //// 7 6/// /// //// /// //// ///
a| o0 X
o ////////"/7///"/////’//////////fif////7///’/7///’/////00///7%1 — >
o ///////////////////////////// ///////////////“3///////// X
ﬂ,f// ‘// ///////////// //////////‘_'/ //7/74’
2
3B B8l @
N~ N~
0 Xb
— e — — & — — P>
o
o
™
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VFT® — Prefabricated Composite Construction Method

* Area of equivalent section:

A=Ay + A, = 0,0345m? + 0,1604m> = 0,1949m?

* Moment of inertia of equivalent section:

L =1y +1cp + Ap-ap + Agy - af
= 0,005494m* + 0,001408m* + 0,0345m? - (0,756m)? + 0,1604m?
-(0,163m)? = 0,03088m*

» Torsional moment of equivalent section:

©)

*

- Torsional moment of concrete slab :@

Width: w = 2500mm

Thickness: 6 =310mm

k, = ! 1-0,63 w 1 5 =0,309
=3 0 12-w4/|

Iy =k-6%-w=24872533985mm*

- Torsional moment of concrete slab :@

Width: w = 1500mm
Thickness: 6 =20mm
k” = 0,331
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Ly =k-8%-w=3966400mm*

- Torsional moment of web: @

Width: w = 1100mm
Thickness: 6 =10mm
k=0,331

Is=k-6% w=364567mm*

- Torsional moment of top flange: @

Width: w = 300mm
Thickness: 6 = 15mm
k=0,322

Is=k-8% -w=326869mm*

- Torsional moment of bottom flange: @

Width: w = 500mm
Thickness: 6 =40mm
k=0,316

Is=k-6% w=10129068mm*

Torsional moment of equivalent section:

It = 0,5 ° II+0’5 . I” + IIII + IIV + IV
=0,5-24872533985mm* + 0,5 - 3966400mm* + 326869mm*
+ 364567mm* + 10129068mm* = 12449070696mm*
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TRANSVERSAL ELEMENTS:

50

25 25

-

4
i
I8
T

—+

VFT| GRIDER VFTGRIDER

VFTJGRIDER VFTJGRIDER

VFTJGRIDER VFTJGRIDER

sjaB ELEMERTS

VFT| GRIDER VFTGRIDER

EXTREME SUPPORTED CROSS-BAR
INJERMEDIATE SUPPORTED CROSSBAR
EXTREME SUPPORTED CROSS-BAR

2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5

N
[

2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5 2,5

VFT GIRDER

EXTREME SUPPORTED CROSS-BAR

SLAB ELEMENTS

x EXTREME SUPPORTED CROSS-BAR:

Geometrical characteristic: Ya
o 1750
* Moment of inertia: 1000 750
I, = 0,68618m* = 2
* Area:
A. = 1,8175m?
o™ o
- S J
* Modulus of elasticity: — o
E.. =36,4GPa
* Torsional moment:
WIDTH: w; = 1750mm wy = 1240mm
THICKNESS: 6; = 330mm 6;; = 1000mm
~ 64 ~
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VFT® — Prefabricated Composite Construction Method

K k; = 0,294 ki = 0,170
Ioe,=k-8%w I, = 18473078320mm* Ie, = 210735371294mm*
!

Ioe = 0,515, + Ies, = 219971910455mm*

® INTERMEDIATE SUPPORTED CROSS-BAR: YA
: i 2500
Geometrical characteristic: 250 1000 250
¢ Moment of inertia: ~ o
o ™
o™ ™
I, = 0,68719m*
* Area:
% (o]
A = 2,061m? o N
* Modulus of elasticity:
E;. = 36,4GPa
* Torsional moment:
WIDTH: w; = 2500mm wy = 1236mm
THICKNESS: 6; = 330mm 6;; = 1000mm
k: k, = 0,306 k;; = 0,169
Li,=k-8%w Iy, = 27457128907mm* lic,, = 209498323369mm*
)
Iic = 0,51, + I, = 223226887823mm*
Ya
2500
% SLAB ELEMENTS: 1950 ° 1550
Geometrical characteristic: S /j///’////j////// v 0//////// ///////////ﬁ y

23




VFT® — Prefabricated Composite Construction Method

* Moment of inertia:
I,s = 0,02415m*
* Area:
Aps = 0,825m?
* Modulus of elasticity:
E,, = 36,4GPa
» Torsional moment:
WIDTH: w; = 2500mm
THICKNESS: &; =330mm
k: k, = 0,306
lLs'=k-6%-w I,s' = 27457128907mm*
)

Iie = 0,51, = 13728564454mm*

Model (el,s2):

R gl f &l & &l & Al & &l N &l & il il i i il A il i
B_ o B e & 2 o B o B e H o B e B e 3 w 8 n % = 8 w 8 w 8 m» 8 w B v B wm 8 = B = 4§
=]

k1 ] g g H g i f [ B 3 3 g ] g g g 2 2 ] B
41 42 43 o Aan A 47 48 43 = 1] -1 -] =] =23 |=-] =-] -7 -] -] 1]

8 R g 8 £ = i i B B k& 2 2 8 2 g 8 B B B B
21 = = 24 = 20 7 = = 0 =11 = = B2 m = -] -1 = m 40

[ 5 g & = £ H f = B 8 4 5 g g g g B E # 5
1 2 3 4 |-} -} 7 8 9 10 1 12 13 14 J -] -] 17 hi:] 19 20

& | g B 7 g o i B ] H = g 5| | 5 B £ E ] B

B b B B & & W & & 8 & & B B H A W A & B &

VFT girder

extreme cross-bar
intermediate cross-bar
slab elements

VFT girder
extreme cross-bar
intermediate cross-bar
slab elements
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VFT® — Prefabricated Composite Construction Method

Geometrical characteristic:

’
< I Nowy preckréj o [ | 4 T Nowy przek = =
2 | 0 zmiennpm przekioj I Zhozony I Spec:|alny| Ay lz II'Zl 34,; | 0 zmiennym praekroiu I Ztozony | Spec:\alny| Ay lz... | EEl

o ~

3

Eipkicta: W Kolor - i Etykieta:  extreme cross-bar Kaolor : - -

A= 19490000 [wmd)  we= 0000 Ag= 18175000 (mmZ]  ww= 0,000
Py - aar o] vpy= 0,000
lw= 12443070 vpy= 0,000 - ly= 21997191 P oo ()
- NEZ = .
T T — ly= BEETBO0C  [mmd) o
lz=  0.00000 vpe= 0000 lz=  0.00000 vpz=
[ Parametry dodatkowe ] [ Parametry dodatkawe ]

qugamma.[Deg] Typ profilu: thgamma:[Deg] Tup profilu:
[ possi [ Zewksi | [ Pomes ] [5TAL | [ Dodsi | [ Zawkni | [ Pomec | |B4D

¢ I Nowy preekréj (=[=] = ]} =
. = I Mowy przekrdj EI_IQ
= =
2 i i 5 i Ay lz + B
= | 0 zmigninym preckioiy I Zhozony | Spemalny| # - E | [l 2 | || 0 zmiennym przskicju [ Ztozony | Speciang | 4. 1v. 12 | ]
r m
"
Etykieta:  intermediate cross-bar Kalar : - - Etykicta:
bkista:  slab elements Kaolor : - -
Aw= 20610000 (mm2)  wp= 0,000 fw= B260000 [mm2]  wy= 0,000
] wpy= 0,000 — =
lu=  2232268F o {mm) k= 13728564 vpy= 0000 ()
P——— vz= (I — =
= BETIS0OC  [md) o - 205000 ey 7T 000
1 = 0,000 _— -
lz= 000000 VPe |z= 10,0000 vpz= | 0.000
[ Parametry dodatkowe ] [ Parametry dodatkawe ]

F.at gamma : [Deq] Typ profilu: Stalowy - K.at gamma : [Dea)  Tup profil

Dodaj ] [ Zamknij ] [ Pomoz HB“D | [ Dods I[ Zarmknij ] [ Pamos ]|B4D |

Materials:
I Materiat

b ateriat: AL

Przypisz prafilanm:
Etykieta b ateriat domysing
extreme cross-bar Ban
intermediate cross-bar E40
zlab elementz Bd40
WET girder STAL
| i | »

| Zastosuj | ’ Zarmknij ] ’ Pomoc ]

~ 67 ~
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VFT® — Prefabricated Composite Construction Method

Loads:

PART 1 (equipment):

p 3pZ=-46.71

=
oo
e
e
SR T e

=

T .
=T,
e o N
S Tes e
i e e
= e e s =
kPa B e e e e
) ) == el
Przypadki: 2 (equipment_1) 2

.
e o
e -
e o
e el T
e e e e
e e e e
T e
e e e
e e
T s

i
/

PART 2 (equipment):

p 3pZ=-3.31
i

=z
—
e

e
e T R, -
=== 58
e e 3
= e
kPa : = = =
Przypadki: 3 (equipment_2) =

Live load (Automobiles):

p 3pZ=4.50
I

kPa
Przypadki: 4 {automobiles)

Co R
e~
e e
e e
P

~ 68 ~

UNIVERSITAT

CATALUNYA



VFT® — Prefabricated Composite Construction Method

K vehicle:

FZ=-137.81

[ Fz=13781 |

T
e
R R
e T
e e e e
T e e e 2 P e,
e S e
R e T
e e =
e
- =
o -
e e -
T == e
B e
e e =
. T e T = o
LeEs e
T

=

=

=
>

s
e
S

b kN
Przypadki: 5 (K)

b
e
e
R
=

kPa
Przvpadki: 7 (Unloading of deck slab)

Loads combinations:

p 3pZ=019

p 3p£=4.50

e
T .
e e
s

T

e

e e e
et

p 3p£=-3.31

kPa

b kN
Przypadki: 6 (KOMB1)
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VFT® — Prefabricated Composite Construction Method

Bending moments:

-2671 22

-144.00

Max=3405,64
Min=-3651,11

Przypadki: 8 (KOMBE1)

Moy = 3405,64kNm

M = —3651,11kNm

14.1.3.Dimensioning

Geometrical characteristic of the begnoetermined by AutoCad programme):

«  Moment of inertia: A y

I, = 0,00549m*

+ Distance of extreme fibres:

- Top fibres: v, =0,750m Q
- Bottom fibresv, = 0,305m ™
Ob Xs
¢ >
Lo
o
™
Accepted: *ﬂk
» steel beam made 8855
Characteristic tensile strengtR¢® = 355MPa
ch
Design tensile strengtké, = Rym = 3515% = 308MPa
f )
» Concrete class:
ConcreteB40: Ry = 30,0MPa —characteristic compression strength
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VFT® — Prefabricated Composite Construction Method

R,; = 23,1MPa —design compression strength
ConcreteB60: Ry = 45,0MPa —characteristic compression strength

Ry; = 36,4MPa — design compression strength

Stresses:

—~M{ - v, —1007,42kNm - 0,750m

= = = —137,62MPa < R%, = 308MP
%1t I, 0,00549m* 4= Hm @
_ MP-v, —1007,42kNm-0,305m _ 55 97MPa < R — 308MP
o =TT T 0,00549m* - @ fm = 4
STRESS DIAGRAM
A7 137,62MPa
 compression |
@ tension
@)
Lo
N~
Ob Xs
— — — @ — —e — P
Lo
o
*@0 @
55,97MPa
>

Geometrical characteristic of the prefabricated qmsite girder:

» Prefabricated concrete flange (B60 according to: PN)
L, = 0,0003145m*
A,r = 0,300m?
E,; = 41GPa
» Steel beam:
I, = 0,00549m*
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Ap, = 0,0345m?

E, = 205GPa

Equivalent section

» Distance between centres of gravity of concretegiéaand steel beam

- a=0815m
» Distance of extreme fibres:
Steel beam:
- Top fibres: v, =0,750m
- Bottom fibres: v, =0,305m
Prefabricated and in-situ concrete flange:
- Top fibres: v, = 0,056m
- Bottom fibres: v, = 0,064m
_E, 205GPa _
" T E T 416Pa
A 0,300m?
Appp = 2L == = 0,06m?
f )
pro n(p 5
L, 0,0003145m* .
Lyp = —=————=0,0000629m

Ny 5

» Distances between centre of gravity of equivalestisn and concrete slab / steel

beam
a _ Ap + Apr S g = Aprp - a _ 0,06m?-0,815m — 0.517m
ap Apre T A, + Ay, 0,0345m2 +0,06m?2

a; =a—a, =0815m—-0,517m = 0,298m

- Top: a; =0,298m
- Bottom: a, =0,517m
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27
2700 8
Opf X
pf
////////// S S S s S S S S
e SIAIIT IS 8 T T — >
[ee]
2 <
N g X
"t —— - - - — - - ] — — - = = = — — — — —
! )
0 LO
N~ M~
i
Lo
Ob Xs
— — —@® — —e — P
Lo
o
™

I, = 0,005494m*

Ipffp
Ipf = 0,0003145m*

A, = 0,0345m?

Stresses:

a— a section:

M*~%* =1731,64kNm

{um)= o]

[Ib + Lo 1]

pf(P
—a- ab Ab 1

pfo
—a- ab Ab

= 0,0000629m*

*_‘H

a =0,815m

a, =0,517m
ny =5

Aps = 0,300m?

M=0 M, = 473,464kNm

N, = 1537,122kN

Mb‘l‘a'Nb:O

{Ib +1Pf§0 Mb +a- Nb

M., = 0,0008m* 473 464kNm = 5,421kN
of =T, M T 0,00793mE m=s m
N, = —N, = —1537,122kN

* In steel beam:
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N, M,-v, 1537,122kN 568,642kNm - 0,305m

gt = — = =76,12MPa < RZ.
% =gt 0,0345mZ | 0,005494m* 4= Hm
= 308MP
wc _No_ My v _1537,122kN _568642kNm-0750m _ .. 0o
o T4, T I, T 00345m? 0,005494m* > 4= Hm
= 308MP

* In prefabricated concrete flange:

wea _ Nps N Mys -y,  —1537,122kN  57,227kNm - 0,064m _ 1 37MPa < R
L L 0,300m? 0,0003145m* S
= 36,4MPa
wea . Ny Myp-y.  —1537,122kN  57,227kNm-0,056m _ 5 82MPa < R
L I 0,300m?2 0,0003145m* 7 @= o
=36,4MPa
A’ © STRESS DIAGRAM
2700
Opr Yo 5,82MPa
— G i — > &1/ 1,37MPa
g % & 33,07MPa
N © X
e N e S S »
g 8 (& compression
~ ™~ @ tension
Lo
Os Xs
—_ — % — — — >
0 O=
o
o™
76,12MPa
= Phase 3
I, = 0,00549m* a =0,919m
I., = 0,001408m* a, = 0,756m
I. = 0,00704m* n, =5
A, = 0,0345m? A, = 0,802m?
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Stresses:

a — «a section:

STEP 1:

M% % = 3605,64kNm

Ib+ISq0 1—|

e L)L

1”““" ‘My+a-N,—M=0
M, = 605,72kNm
—a- ab 4, ~ N, = 2877,66kN
k Mb +a- Nb =0
M, =0y, = _ 0,001408m* 605,72kNm = 155,347kNm
¢ =7, """ T 70,00549m* ’ ’

N, = —N, = —2877,66kN

* In steel beam:

N, M,-v, 2877,66kN 60572kNm - 0,305m

a-a _ b — + =174,06MP

. = T T 0,0345m? 0,00549m* @
o N, My-v, 2877,66kN 60572kNm - 0,750m

O-Illt = - = - = —0,66MP(1

4, I 0,0345m2 0,00549m*

of % = ofy *+ol,* + o) = 55,97MPa + 76,12MPa + 174,06MPa = 306,15MPa
< R% = 308MPa

a

o % =08 %+ 0% + 0% = —137,62MPa — 33,07MPa — 0,66MPa
= —171,35MPa < R% = 308MPa

STEP 2:

M, = 155,347kNm

N, = —2877,66kN
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Neps = No - 225 = _2877,66kN 0.300m” _ 1076,43kN
oer e A ’ 0,802m2 '

Ny = Ny -—5 = _2877,66kN - — S67m” —1800,40kN
s T n, Al ‘ 1,13-0,802m?

Equivalent section

n, =1,13

a=0,161mm a, =0,105m

Ayr = 0,300m?

I, = 0,0003145m*

I; = 0,002084m*

I, = 0,00184m*

[Tor +1sp 11

| Isga I,lMpfl_[M]

l a 1J a-Nye| Lo
Pf + IS(P _

{ My +aNy = M=0 M, = 6,76kNm

ﬁ

—a-ay-A N,s = 677,20kN

5 b b M, +a-N,=0 pf

M, =2 Lo -M,; = 39,65kNm
Lpy

N, = —677,20kN
Total N:
N;f = Nc/pf + pr = —1076,43kN + 677,20kN = —399,23kN

N! = Ngjs + Ny = —1800,40kN — 677,20kN = —2477,60kN

* In prefabricated concrete flange:

Nt M, s —399,23kN 6,76kNm - 0,064m
a—a pf pf " Vb ) , ,

- _ — = — — =—-0,045MP
9t Apr Lys 0,300m? 0,0003145m* a
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Nps , Mpr-ye | =399,23kN  6,76kNm -0,056m

+ =2,53MPa
Aps Lys 0,300m? 0,0003145m*

02~% = g% % 4 g%, = 1,37MPa + (—0,045MPa) = 1,33MPa < R,; = 36,4MPa
08™% = g% 4 g8, = 582MPa + 2,53MPa = 8,35MPa < R,;, = 36,4MPa

* |n concrete slab:

wew  NE Mg-v,  —2477,60kN 39,65kNm-0,105m _ 2 37MPa < R
M T T T T L T T T 0567m? 0,002084m* < @ = Fn
= 23,1MPa
weu N W Msove —2477,60kN N 39,65kNm - 0,105m 6 38MPa < R
o T T T T T T T 0.567m? 0,002084m* @< "
= 23,1MPa
y
o ) STRESS DIAGRAM
© 2700
6,38MPa
2,37MP-a
_ OF171,.35MPa
=
g O compression
8 8 o @ tension
N~ N~
Os Xb /
To) @
= £
h 306,15MPa
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VFT® — Prefabricated Composite Construction Method

14.2 Preliminary draft for composite bridge

CROSS-SECTION B-B , C-C

SCALE 150
B-B C-C

11L2

475 475

en
o
=1
na
h

450 450 25| 50

0] 0
5 Wearing course-ASPHALTIC CONCRETE (SMA) 5cm B
z Binding course-GUSSASPHALT dcm 2
B THERMAL INSULATICN <]
5 (M SITU CONCRETE SLAB 25cm E
g g
= JAWOR < = SYCOw z
w w
o =]
Bl 2% 4
N e 1 w/
— |~ L 5]
* = - o L N
= L T 2600
Hogn e 3

S i I
=R — i X x 1100010
L T5a75mB < Llrs7me P !
1470 S 1500 |
— = — pl S00x40

L T5x75xE L 75raee
: 2460

110 50 220 50

Fig. 14.3. Cross-section consisting of 4 composite girders.

END VIEW LONGITUDINAL SECTION A-A

SCALE 1100 SCALE 11100

= ?ﬁ_:f::“f

iy

Fig. 14.4. Longitudinal section of composite bridge.

14.2.1.Statement of the loads

=>» Phase 1:

 Dead load of steel construction:
- Steel girder:

Ag = 0,0355m?2

Il =25m=+4

~ 78 ~



VFT® — Prefabricated Composite Construction Method

- Cover plate on bottom flange:

A, =0,0123m? l, =12m * 4
- Ribs:
A, =0,00211m?3 u, = 8x14

- Slating strut:

A = 0,00169m3 Uge = 6% 12
- Horizontal strut:

Ay = 0,00293m3 Ups = 6% 12
- Gusset plate:

Agp = 0,00044m3 Ugp = 3% 12

¥s = 78,5 k—’Z + 1,4"—1\; — addition to weight of welded steel construction
m m

Characteristic load:

g" = (0,0355m? - 25m - 4 + 0,0123m? - 12m - 4 + 0,00211m3 - 8 - 14 + 0,00169m> - 6

(78,5 % +1,4 %)

25,0m

+12 4+ 0,00293m3-6-12 4+ 0,00044m3 -3 -12) -
kN
=15,10—
m
Design load:

da ch kN kN
gs =9st+-1,2= 15,10?- 1,2 = 18, 12?

+ Dead load of wet concrete deck slab:
kN
Ay = 2,8448m? Ve =26—

Characteristic load:

. , . kN kN
g&s =2,8448m* - 26 — = 73,96 —
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Design load:

d ch kN kN
Ydas = Yas 1r2 = 73;96W . 1,2 = 88, 76?

*  Formwork load:

W, = 10,82m V. = o,sfn—”

Characteristic load:

. kKN kN
gf = 10,82m . O'SW = 5,41?

Design load:

d _ _ch _ kN _ kN
gf_gf '1;5—5;41%'1,5—8,12?

» Technological load:

W, = 10,82m ve =15

m2

Characteristic load:

kN kN
g¢" =10,82m - 0,5— = 16,23 —
m m

Design load:

d — gch 13—1623kN 1,5 =21 1kN
.gt_gt ) - ) m ) - ) m

Characteristic load:

kN

)

kN kN kN
ch _ (gsh + g5t + gjgh + g&h) _ (15,10% +73,96— -+ 541—-+1623—
g1 1 Z
kN
=27,68—
m
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Design load:
kN kN kN kN
o _ (g8 + g% +gf+ge) (181257 +887650 + 8125 + 21157) 34 02N
g1 4 4 "
Characteristic load:
kN kN kN
h h - - —_
L 4 4 " m
Design load:
o (9o +g8+g) (18,12%\’ n 88,76%\[ +812 %N) -
gin = ) = ) = 4o, m
=>» Phase 2:

« Removal of forms:

Characteristic load:

Design load:

d _ ,ch _ kN _ kN
grf = grf -0,9 = —0,5?' 0,9 = _0'45W

* Unloading of deck slab:
tgs = 0,25m Y. =—1—

Characteristic load:

ch kN
Juds = 0,25m . <—1m— = —0,25—
Design load:

d ch kN kN
Guds = Yas * 09 = _O'ZSW' 0,9 = _O'ZZSW
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* Weight of equipment:

PART 1 (for the “deck overhaneg 0,65m width)

- Bridge deck overhang:

A, = 0,3211m? U, =2 Ye = 25%
- Stone curb:
2 kN
A = 0,0388m Uge = 2 Ystone = 27ﬁ
- Crash cushion (I assumed 1,0kN/m for each barrier)
Gee = 1:0? Uee = 2
- Insulation:
t; = 0,01m yi =147
Characteristic load:
Ch—(O 3211m? - 2 25k—N+00388m2 2 27k—N+10k—N 2) +0,01m
ger = \ ¥ m3 m3 " m 0,65m

kN kN
14— =31,14—
m m

Design load:

d ch kN kN
Ge1 = Ye1 * 1,5 = 31:14?' 1,5 = 46’71W

PART 2 (for the “pavement> 9,5m width)

- Pavement:

kN

t, = (0,05m + 0,04m) = 0,09m Yp = 235
- Insulation:

t; =0,01m Vi = 14%
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Characteristic load:

o kN kN kN
Ger = 0,09771 . 23% + 0,01m . 14% = 2, Zlm

Design load:

d ch kN kN
ez = Ye2 1r5 = 2r21 . 1,5 = 3,315@

m2

e Live loads:
- Automobiles, B class according to [PN-85/S-10030]:

Characteristic load:

on_ KN kN
o =357 =35
Design load:

W kN kN
da = qqa '1,5:3?'1,5:4,5;

- Kvehicle, B class according to [PN-85/S-10030F (mee wheel):

Dynamical coefficient

¢ =1,35-10,005-25m = 1,225 <1,325

Characteristic load:

PEh = 75kN

Design load:
P¢=Pc"-1,5-¢9 = 75kN - 1,5+ 1,225 = 137,8125kN

14.2.2.Structural analysis
= Phase 1: FREE SUPPORTED BEAM:
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/i
25m o
\\ ) /Inﬂuence line of

bending moment
] 9

~

6,25

w; = 78,125m?

ch ch kN 2
Mi" =g/ - w; = 27’68W' 78,125m“ = 2162,24kNm

d d kN 2
M? = g% - w, = 34,02— - 78,125m? = 2658, 08kNm

g

25m

o 0 / Influence line of
bending moment

6,25

0)1_” = 78,125m2

ch ch kN 2
MI 1= gI_II . (L)I_II = 23,62% . 78,125m = 184‘5, 24kNm

MI_II = gI_II * w,_” = 28,75? * 78,125m = 224‘5, 99kNm

=>» Phase 2: CONTINUOUS BEAM:

LONGITUDINAL ELEMENTS:

x COMPOSITE GIRDER:

Collaboration widthb,,:

Minimum of:
e 015-L; L, =25m

0,15-25m = 3,75m
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* 0,5 beams spacing S¢ =2,7m
05-2,7m=1,35m

* 6t + byy — intermediate field by, = 0,25m t=0,25m
6-0,25m+0,25m =1,75m

* 4t + bgy — extreme field bso = 0,25m t=0,25m

4-0,25m+0,25m = 1,25m

b, = min{3,75m; 1,35;1,75m; 1,25m} = 1,25m

b,=1250 b,=1250
//// S S S S S S S S s o
S S s — S s — S S S S S S
S0 Dse=2507 (7 bw=250.""/" .,/ /", /., Lo
S : S S S N
/ 7 s v i v v

7 /l /77745)////

150

Geometrical characteristic of composite beam sactio

» Concrete slab:
I, = 0,004497m*
As = 0,67m?
E; = 36,4GPa

» Steel beam:
I, = 0,00793m*
A, = 0,0478m?
E, = 205GPa

Equivalent section

» Distance between centres of gravity of concretegaand steel beam
- a=1,120m
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» Distance of extreme fibres:
Steel beam:
- Top fibres: v, = 0,907m
- Bottom fibresv, = 0,278m
Concrete slab:
- Top fibres: v, =0,136m
- Bottom fibresy, = 0,214m

_Ey_205GPa _ _ .
" T E T 364GPa
A;  0,67m?

Ay = — = 0,12m?

® 5,63

I, 0,004497m* A
Iy = _(,, =~ 56 - 0,0008m

» Distances between centre of gravity of equivalestisn and concrete slab / steel

beam
a A,+A A, a 0,12m? - 1,12m
I u - a, = 5 = > > = O, 8m
ap Asy Ap + A5,  0,0478m= +0,12m

a;=a—a,=1120m—-0,8m = 0,32m

- Top: a; =0,32m

- Bottom: a, =0,80m
& A
;

N
N
AN
O\
AN
\\*\ N
N
NN
N
AN
N
> N
N
NN
N
\\ N
N
N
SO\
O\
N
AN
\w\\
N
\\\ NN
NN
NN
N \‘O
S NS
RS
NN
N N
OLN
O\
N
NN
N
\\ N
N N
O\
O\
N
NN
N
_ WO
aF320 | N2\
NN
N
> N
N
\\ N
N N\
4' =

Yo
1120

a=800
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» Area of equivalent section:

A=A, + Ay, = 0,0478m? + 0,12m? = 0,1678m>

* Moment of inertia of equivalent section:

L=1Iy+ I, +Ap-ap + As, - af
= 0,00793m* + 0,0008m* + 0,0478m? - (0,8m)2 +0,12m? - (0,32m)2
= 0,0515m4

* Torsional moment of equivalent section:
- Torsional moment of concrete slab (1):

Width: w = 2500mm

Thickness: 0 = 250mm

k=td1—063. % (1-—%" Y = 0312
3 ’ ) 12-w4 /|

I =k-6%-w=12200527669mm*

- Torsional moment of concrete slab (2):

Width: w = 450mm
Thickness: 6 =100mm
k=0,287

I, =k-6%-w=129004268mm*
— Torsional moment of concrete slab:

I, =051, +05-I. =05-12200527669mm* + 0,5 - 129004268mm*
= 12329531937mm*

- Torsional moment of web:
Width: w =1100mm

Thickness: 6 =10mm
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k=0,331

Is=k-6% w=364567mm*

- Torsional moment of top flange:

Width: w = 300mm
Thickness: 6 =15mm
k=0,322

Is=k-6% w=2326869mm*

- Torsional moment of bottom flange:

Width: w = 500mm
Thickness: 0 = 40mm
k=0,316

Is=k-86% -w=10129069mm?*

- Torsional moment of cover plate:

Width: w = 410mm
Thickness: 6 = 30mm
k =10,318

Is=k-6% w=3519900mm*

Torsional moment of equivalent section:

It = ICS+IW + Itf + Ibf + ICp
= 12329531937mm* + 364567mm* + 326869mm* + 10129069mm*
+3519900mm* = 6179106373mm*
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TRANSVERSAL ELEMENTS:

L L X
S s o
N\ N\
A\ N\
GRID

! 50 |

ks ?

| 25 | 25 |

ks t 1

COMPOSITE GRIDE

o

COMPJSITE GRIDE

o

COMPQSITE GRIDE!

s|AB ELEMERTS
o

s|AB ELEMERTS
s|AB ELEMERTS
S)AB ELEMERTS
S|AB ELEMERTS
s|AB ELEMERTS
s|AB ELEMERTS
s|AB ELEMERTS

S)AB ELEMERTS

S)AB ELEMERTS

S)AB ELEMERTS
S)AB ELEMERTS
s|AB ELEMERTS
s|AB ELEMERTS
s|AB ELEMERTS
s|AB ELEMERTS

COMPUSITE GRIDE!

EXTREME SUPPORTED CROSS-BAR
o

EXTREME SUPPORTED CROSS-BAR

x EXTREME SUPPORTED CROSS-BAR:

Geometrical characteristic:

COMPOSITE GIRDER
EXTREME SUPPORTED CROSS-BAR

SLAB ELEMENTS

) ) 1750
[ ] -
Moment of inertia: 1000 -
7/ 7/ /|
Iec =0, 76191’",4 Y //////// e I ’)///////////// 2 X
™ X//Z/J///j7//t//7/// ‘S, /S, N »
7/ 7/
e Area: ////// /////
o // ’ // ,
S0, // v/ //
Age = 1,8175m? A
o [ 0 /J |/// o
.. o s 7 /// s % %
* Modulus of elasticity: A s Y
//////// ////////
S0, 2/,
E,. = 36,4GPa
AN .
S I
. oy s //,
« Torsional moment: =00 00

®

WIDTH: w; = 1750mm
THICKNESS: 6; = 250mm

K k; = 0,303
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VFT® — Prefabricated Composite Construction Method

lec, =k -6 -w Ioc, = 8294299304mm* Ioc,, = 231033870736mm*
l

Ioe = 0,515, + Ics,, = 235181020388mm*

»x INTERMEDIATE SUPPORTED CROSS-BAR:

AY
Geometrical characteristic: 2500
750 1000 750
*  Moment of inertia:
W0 F IR
_ 4 (s (s ,¥/77/7! /~,;7747 /
II:C - 0; 76955m « /// / // o // // >
® Al’ea /////////// //////,Ji////
///// // // //{\I ///,
oy /// /)’/’? 5 (=]
AiC = 2, 005m2 § AL, P
i //////// //,///// —
« Modulus of elasticity: 00
E;. = 36,4GPa G AN
500 500
* Torsional moment:
WIDTH: w; = 2500mm w; = 1305mm
THICKNESS: 6; = 250mm 6;; = 1000mm
k: kl = 0,312 k” = 0,185
Lic,=k- 5% -w Lic, = 12200527669mm* Lic, = 254825270929mm*
l
— — 4
Iic = 0,51, + I, = 260925534763mm
»# SLAB ELEMENTS:
Geometrical characteristic:
A y
*  Moment of inertia: . .
7/ s/, Ry 7/ s s o
I = 0,028198m* S8 s ) X
es — ¥
1250 1250 >
2500
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* Area:
A, = 0,625m?
* Modulus of elasticity:
E.. = 36,4GPa
» Torsional moment:
WIDTH: w; = 2500mm
THICKNESS: 6; = 250mm
k: k, = 0,312
L' =k 8% w L' = 12200527669mm*
)

Ii. = 0,5, = 6100263835mm*

Model (el,s2):

B 8 :{ g £ o :{ I i i B} I il

o 8 e 8, e fow How B oo B e B e 3 ow §lon % e 8 o E o 8 o 8 w Bl o B m B o 8 o
-]

3 8 2 J 2 E i 8 E J 3 3 2 2 g ] J 2 £ 3 8
41 42 43 £eY 48 | 46. 47 48 43 -1} D‘I = -] =23 -} - BT e -] -]

8 ¥ g 8 2 E 8 E 8 8 8 H 2 H 8 g 8 B B 8 b
o = = = = = = = = = = = = = = o = = = w0

o 5 gl 5 E o E E 5 W ¥ 5 al 5 El 5 B 3 E 5

& ] ) E H 1] i =) H z 2 5 g B g E E B ?f

5 g
B EE ) G ¥ ) # 8| al i) aE Al g g i i &l

- composite girder .
extreme cross-bar

intermediate cross-bar
slab elements

composite girder
extreme cross-bar
intermediate cross-bar
=—=slab elements
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Geometrical characteristic:

d EI)
4= T Nowy preekr] (== [ | ¢ I Nowy preckes = ]
= 3
=
£ ‘ 0 zmiennym praekioju | Zhozony | Epe:ialny‘ Ay 1z | 4] % ‘ 0 amignmym praekroju | Lhozony I Spec:\alnyl Ay, 2. Q
o 8

Etykieta:  composie girder koo [ - Etpkietal  estreme cross-har koir: [ -
Aw= 16780000 [mm2]  we= 0,000 A= 18178000 (mm2)  wy= 0,000
= - vpy= 0,000
k= G1731063 vpp= 0000 {rm) k= 23518102 w {rorn)
o Esoooor gy 2 0000 lp= 76103000 [y 2T ODO0
lz=  0.00000 vpe= 1000 lz= 0,00000 wpe= 0000
[ Paramety dodatkowe ] [ Parametry dodatkowe I
K.at gamma: |0 (Deal  Typ profil K.at gamma: |0 [Deg)  Typ profilu:
I Diodaj | [ Zamknij ] [ Pamoc ] STAL Dodsj ] [ Zamkni ] [ Pomoc ] B0
4= I Nowy przskrdj (=[BT R ]} g X Nowy prackrsi [=lE] = ]
3 ~ &
Z 0 zmiennym preekioiu | Ztozony | Specialng | 4. 1y. 12 ‘ 4] 'g: | O zmiennym pretuiu | Ztozony | Specialny | & .1z | 1
]
Etykieta:  intermediate cross-bar Kalar - - Etykista:  slab elements Kolor - -
Ax= 20050000 (mm2) wp= 0,000 Ax= B2E00000  (mm2] wy= 0000
e 2609255 ury= 0000 ) k= 6100263 vep= 000D el
= 0,000 =
e TEEOOL oy T D b= 21rEE g 7T D00
lz= 000000 vpe= 0.000 o= [200000 vpz= 0.000
[ Paiametry dodatkowe ] [ Parametry dodatkowe ]
Kat gamma: |0 (Deg]  Typ profik: Kat gamma - |0 [Deg)  Typprofiks
Dodsj ] [ Zarnknii ] [ Pomoe ] =l Diodaj ] [ Zarknij ] [ Pomoc ] B40
B Materiat
M ateriat: ALUM
Przypisz profilom:
Etpkieta Materizt dormgélng
compasite girder STAL
extremne cross-bar B40
intermediate cross-bar B40
slab elements B40
< (T | »
Zagtozuj Zanmknij ] [ Pomoc ]
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Determination of maximum section (dead load):

- extreme girder:

composite girder
‘My 500kNm
Max=1311,70
Min=-2326,43

Przypadki: 1 (STA1)

Mgy = 1311,70kNm

Mopin = —2326,43kNm

- internal girder:

s IR = composite girder
’22-23 e N ?"-2303.03. My 500kNm

B, = - e S Max=1306,14
Min=-2303,03

Przypadki: 1 (STA1)

M, = 1306,14kNm
M, = —2303,03kNm

*NOTE: Maximum bending moment in sectipn- y = 0,4l = 10m from the extreme
support, minimum bending moment in sectir S over the intermediate support.

Loads:

- PART 1 (equipment):
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p 3pZ=-46.71
e

Przypadki: 2 (equipment_1)

- PART 2 (equipment):

Przypadki: 3 (equipment_2)

- Automobiles:

Przypadki: 4 (automobiles)

- K

F2=-137.81 FZ=-137.81
FZ=137.81

| Fz=13781 |

Przypadki: 5 (K)
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- Removing of the formwork:

Przypadki: 6 (remove of formworks)

- Unloading of the deck slab:

kPa
Przypadki: 7 (Unloading of deck slab)

- Loads combinations:

FZ£=-137.81

F£=-137.81
FZ=-137.81

Przypadki: 8 (KOMBET)
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Bending moments:

-2516.83

'“Il -1533.11
o

-1020.64 .]-_4-, -24.31

" " - ¥
=L [ x
98 jgpos 22 P .
e sLL"' X psw 17820
2 o 5 1 e e

-0.00

Max=3648,53
Min=-3762,49
Przypadki: 8 (KOMB1)

{ . Wiasciwosici preta: 5 - B (KOMB1) =N
M, = 3648,53kNm
| Geometria I Charakterystyki | NTM | Frzemieszczenia I Weryfikac:ia|
Mmin = _3762,49kNm i | 2900 po i e I
e —
azooko -
Ml = 364‘5,53kNm eoho
=l zsooko — T
2 :‘:g; u; — I Diugose (m)
1.0 1.00 z.00 3.00
e Wigkres
t/ Punkt {m] MY = -
Wartoé aktuaina 3645 53 _ISLE R
Sl 5 WO 1My
 wpunkeie: | x0,0(m} B WMo
. [ Smax [ Smin
@ ‘wartage () Ekstrema
Zaztosu Zamknij ] [ “whndrule ]
\ L

14.2.3.Dimensioning

= Phase 1:

Geometrical characteristic of the begnetermined by AutoCad programme):
o 2
* Moment of inertia:
I, = 0,00793m*

» Distance of extreme fibres:

- Top fibres: v, = 0,907m g

- Bottom fibresv, = 0,278m
Accepted: steel beam made $355 © 1

N~

Characteristic tensile strengtR¢® = 355MPa Nﬁ—

__REM  355MPa

Design tensile strengtké, = ” ST 308MPa
f )
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Stresses:

a — «a section:

—M{ v, —2658,08kNm - 0,907m

a-a _ - = —303,99MPa < R%, = 308MP
o1t I, 0,00793m* @< Fm .
wew  Mi-v, —265808kNm-0278m _ 93 17MPa < R. = 308MP
CEE 0,00793m* - @S = ¢
o _ “Miy v Z224599kNm - 0,907m 256,86MPa < RY = 308MP
Orime =TT T 0,00793m* N ' @S fm = ¢
wew  Mty-vy —224599kNm-0,278m 4
GI_IIb = Ib = 0,007937’”4 = 78,73MPa < Rm = 308MPa

STRESS DIAGRAM

A7
303,99MPa
(> compression ©
@ tension
N~
o
o
Os X
— e — & — — P
0
N~
(q\]

? ®
93,17MPa

Y — Y__section:

O)I_” = 62,5m2
MI_II = gI_II ¢ (I)I_II = 28,75? * 62,5m = 1796, 875kNm

Y-v —

~My; v, —1796,875kNm - 0,907m

= = —204,744MPa < R% = 308MP
Lt I, 0,00793m* @< K “
y—y My -v, —1796,875kNm-0,278m 4
Wiy == = 0.00793m2 = 62,99MPa < R}, = 308MPa
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= Phase 2:
I, = 0,00793m* a=1120m
Iy, = 0,0008m* a, = 0,800m
I, = 0,004497m* n, = 5,63
A, = 0,0478m? A, = 0,0478m?
Stresses:

a — «a section:

M%*~% = 3645,53kNm

|—Ib + IS(p 1
Isy [ M, ] [M] M, = 568,642kNm
. — -
—a- ?b - Ay 1] la- N 0 N, =2742,10kN
b
Igy 0,0008m*
Mg =—- - 568,642kNm = 57,277kNm

7, P T 0,00793m*

N; = =N, + N, = —2742,10kN

* |n steel beam:

Ny M,-v, 2742,10kN 568,642kNm - 0,278m

a-a — b — + =77,30MP

i Ap I 0,0478m? 0,00793m* a
da N, My-v, 2742,10kN 568,642kNm -0,907m

of = — — = - =—-7,67MPa

4, I 0,0478m? 0,00793m*
05 = o ~% + af 7§ = 77,30MPa + 78,73MPa = 156,03MPa < R% = 308MPa

ofi;* =of "+ 0¥ = —7,67MPa — 256,86 MPa = —264,53MPa < R%, = 308MPa

* In concrete slab:

Ny My-y,  —2742,10kN 57,227kNm - 0,214m
A L, 0,67m?2 0,004497m*

=1,40MPa
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wew  Ng My-y. = —2742,10kN 57,227kNm-0,136m _ I
one T T T T L T T 0.67m? 0,004497m* > @
(o]
9 R STRESS DIAGRAM
g
T s /
< - . LG g : -264,53MPa
R]! o) X
L] e & G e =
N~ ~ & compression
o — .
» o @ tension
1] o
> (es)
(o Xo
—00¢+— K 3 B>
N~
W S
= 156,03MPa
Y — ¥y section:
MY~Y = 3648,53kNm
[Ib + Iy 1]
Isy [ M, ] [M] M, = 568,642kNm
. — -
—a-ay-Ay | la-N, 0 N, = 2744,356kN
I
M _ Lo _ ,0008m? 568,642kNm = 57,324kN
s =, " T0,00793m* 0% m=ssh m
Ny = =N, + N, = —2744,356kN
e In steel beam:
vy Ny N My -v, 2744356kN 568,642kNm-0,278m _ -
% T3q, I,  0,0478m?2 0,00793m* o @
v~y Ny M,-v, 2744356kN 568,642kNm-0,907m _ - 63MP
% T1a, I, ~ 0,0478m? 0,00793m* v @
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ol =0y + 0} 1" =7735MPa + 62,99MPa = 140,34MPa < R}, = 308MPa

ol =0V +a Y =—-7,63—204,744MPa = —212,374MPa < R}, = 308MPa

* In concrete slab:

yoy _ _No, Myy,  —2744356kN 57324kNm-02U4m _
Tup. T T T T T 0,67m? 0,004497m* @

yy_ N My-yo __—2744356kN _57,324kNm-0136m _ .
e ST T T T 0,67m? 0,004497m* = @
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15.CONCLUSION

This paper explains benefits of VFT method in beidggineering. Calculation results
confirm economic aspect of use this technology. famad two road bridges with the same
spans, width and load classes. Simplify analysisvshithat for VFT bridge lower construction
depth is demand (cross-section consist of ddiF5mmdepth steel | bear® material effort:
99,4% ) than for alternative composite bridge (crosgisacconsist of fourl185mm depth
steel | beam> material effort:98,7%). The difference in construction depth gives adage
of material savings what nowadays is one of thetnmportant reason during the tender
process. Reading this document it is easy to seeRT method provides many advantages.
The main benefits are:

* Short time of carrying out (high degree of prefadtion),

* Simple assembly and low quantity of main girdenssestraffic to be stopped only for
a short time,

» Careful product control, right and ecological aotiosive protection due to high
degree of prefabrication,

» Obtaining very low construction depth creates tmgpression that spans are more
slender.

Describing this technology it is necessary to noentibout disadvantages. One of
them is the fact that this kind of structure (atgpical composite construction) is more
complicated from the designer’s point of view, hemathe majority problem for both steel
and concrete construction appears during the dgdigse. Simple examples of calculation,
introduced in this project, pass over shrinkage enre@p effect but, in standard design way,
these influences are very important. Besides, ianty with bad or insufficient good
conditions of the national road net, it is necegsartransfer of prefabricated flange execution
to the building site (it is easier to transfer orthe steel girder). For this reason some
additional actions are being appeared (for instanoganization of place for prefabrication
unit constructor).

Nevertheless the VFT technology is becoming maeraore popular. The new types
are constantly developed, in example VFT-WIB sttt which is characterized by (apart
from the typical advantages of VFT construction):

» Shear connection without fatigue problems,
* Elementary steel construction nearly without anydvng.

Summarizing: VFT technology is certainly strongmgeetition for other solutions
(concrete bridges, steel bridges and even compbsdges) due to the efficient use of steel
and concrete in the cross section and aforementishert time of bridge executing.
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18. APPENDIX

Drawing 1.1. Conception 1: Side view and longitadlisection of VFT bridge. (Author)
Drawing 1.2. Conception 1: Cross-section of VFTdge. (Author)
Drawing 2.1. Conception 2: Side view and longitadlisection of composite bridge. (Author)

Drawing 2.2. Conception 1: Cross-section of comjedsiidge. (Author)
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