]l DE GRUYTER
OPEN

G CIVIL AND ENVIRONMENTAL ENGINEERING REPORTS

ISSN 2080-5187 CEER 2014, 15 (4): 113-126
DOI: 10.1515/ceer-2014-0038

STRUCTURAL ASPECTSOF RAILWAY TRUSSBRIDGES
AFFECTING TRANSVERSE SHEAR FORCES
IN STEEL-CONCRETE COMPOSITE DECKS

Wojciech SIEKIERSK1
Poznan University of Technology, Institute of Stural Engineering, Poland

Abstract

At the steel-concrete interface, the horizontalastferces that are transverse to cross
beams occur due to joint action of the steel-cdecmmposite deck and the truss

girders. Numerical analysis showed that valuehefforces are big in comparison to the

longitudinal shear forces. In both cases extremeefealues occur near side edges of a
slab. The paper studies possibilities of reductidrthese shear forces by structural

alterations of the following: rigidity of a conceeslab, arrangement of a wind bracing,

arrangement of concrete slab expansion joints.stieg railway truss bridge span has

been analysed. Numerical analysis shows thatpbssible to reduce the values of shear
forces transverse to cross beams. It may reachrizéothe side edges of slabs and 23%
in the centre of slab width.
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1. STEEL-CONCRETE COMPOSITE DECKS OF RAILWAY
THROUGH BRIDGES

Railway through bridges are bridges with deck s@debetween main girders -

usually arches or trusses (in case of trusses dec&nnected to their bottom

flanges). For high-speed railway transport suctiges often have steel-concrete
composite decks [2, 8]. For such railway bridgas fiypes of structural forms

of composite decks are distinguished [2]:
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— concrete slab composited with steel deck systembatiwm flanges of the
main trusses,

— concrete slab composited with bottom flanges of f&n trusses only at
nodes,

— steel longitudinal and transverse girders compdsitith concrete slab,

— orthotropic integral steel deck composited withaete slab.

In the case of narrow bridges, such as single traiblkay bridges, longitudinal

beams are not necessary. Composite deck is createdf cross beams and

concrete slab [5] - Fig. 1. Block shear connectrsstuds are used (Fig. 2).

Bridge spans of £30 m have the deck slab usually divided across tiwb or

three parts. The expansion joints reduce slabdardiie to thermal effects and

joint action of deck and girders. They also redimnding and shear in

horizontal plane in cross beams.

Cross beams are connected to truss flanges. lcegeeof I-shape flanges cross-

section cross beams are connected to verticakmdtsstiffen flange webs. The

web of each cross beam is connected to the apptemib of flange web with

pair of steel plates - Fig. 3.

Fig. 1. Decks of contemporary railway truss bridges
steel-concrete composite (left) and orthotropigh()

Fig. 2. Examples of shear § "
connectors in steel-concrete i
composite deck: block
connectors (top), studs
(bottom)

s 5 \".

Fig. 3. Cross beam to truss flange connection; redac

slab removed due to refurbishment; longitudinalaiigl
transverse (2) shear forces are marked
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2. TRANSVERSE SHEAR FORCESIN COMPOSITE DECKS
DUE TO VERTICAL LOADS

In the analysis of kind of decks shown in Fig. dftfl longitudinal shear forces
(Fig. 3, symbol “1") are assigned to cross bearmdbenwhile transverse shear
forces (Fig. 3, symbol “2") are assigned to shrigikas well as train braking and
acceleration. However transverse shear forcesdapend on vertical loads (for
example train weight) that imply joint action ofatkeand girders.

Joint action of two structural members in bendisgpiossible if they are
connected in a way that prevents relative horidowliaplacement (slip).
Methods of analysis of longitudinal shear forcee avell recognised and
documented [1, 3]. Analysis of transverse shearef®cannot be carried out in a
similar way because the shear forces at the stewirete interface act
transversely to cross beams.

The problem may be described in the same way esd@ional arrangement of
steel-concrete composite member is consideredhieeconcrete slab is assumed
to be connected to bottom flanges of truss girdgre€ross beams that act as
flexible connectors. Rigidity and load carrying aajty of both the concrete
slab and the connection establish the intensitthefjoint action of a deck and
truss girders. The overall rigidity and load camgyicapacity depend on
respective parameters of:

concrete slab - span lengthwise,

shear connectors between concrete slab and stess| loeams,

steel cross beams, in horizontal plane,

connections of cross beams to truss flanges, izdmal plane.

Horizontal rigidity of a concrete slab along thaspmlepends on the magnitude
of tensile stresses in concrete. Uncracked or exhskab behaviour is possible.
In the former case the cross-sectional area ofstak should be considered
while in the latter one the cross-sectional areghefmain (longitudinal) slab
reinforcement must be taken into considerationstexice of the reinforcement
also limits influence of creep and shrinkage obaarete slab on the transverse
shear forces due to joint action of a deck andeggd

To provide a joint action of deck and truss girdengar connectors between
concrete slab and steel cross beams have to withsteear forces transverse to
cross beams. In the case of block connectors @ager to set load carrying
capacity. It depends on the side area of the gbeemectors and their spacing
along the cross beams. Load carrying capacity @ékbtonnectors depends on
their side area and spacing along the cross beheay. ay be assumed as being
rigid up to their load carrying capacity or up betload carrying capacity of the
adjacent concrete. Stud connectors spacing acnass deams, i.e. in the
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direction of transverse shear, is usually too srnallllow for independent
behaviour of each one in the row. So each row neagdmsidered as so called
multi-stud shear connector. The load carrying cipaof multi-stud shear
connectors can not be calculated as multiplicadibthe load carrying capacity
of a single stud times number of studs (additiopafety factors must be
applied), but rigidity may be taken as such [7].

Top flanges of cross beams are connected to censlad that may be assumed
as rigid in horizontal plane. Thus cross beam lapges may be assumed as non
deformable in horizontal plane between the outetratifeners in comparison
with cross beam webs and bottom flanges that méyrmein horizontal plane,
though to certain extent. It depends on gusseegplat wind bracing that may
constrain cross beams webs in midspan and in dre@s connection to truss
flange ribs (Fig. 3). Analysis described in [6] sfsothat extreme stresses in
cross beams are likely to occur near end of creasihin its web just under top
flange. They are caused by local bending of the .wkitense stress
concentration may occur there leading to brittéefure of cross beam web [6].
Cross beam webs are connected to vertical ribsusktbottom flanges with
pairs of steel plates (Fig. 3). Horizontal sheacds in steel cross beams are
transferred to the connection mainly by cross beéapnflanges since, due to
their connection to concrete slab, they are thet mgisl elements of cross beam
section in a horizontal plane. Ribs of truss bottanges deform in the
horizontal direction according to deformations ofnpliant cross beam webs.
This deformation may be limited by existence of klgizontal gusset plate of
wind bracing (Fig. 3). The load carrying capacitytive vertical ribs of truss
flange in the horizontal plane may be analysedexdangular plates fixed along
two or three edges.

The results of numerical analysis of the horizostaar forces in steel-concrete
composite deck of the railway truss bridge causggbimt action of deck and
girders are presented in [4]. Computations showeatl transverse shear forces
may reach values comparable with those causedchy bending of cross beams
(i.e. longitudinal shear forces). Extreme values lodth shear forces
(longitudinal and transverse) occurred near crosamb ends. Behaviour of
existing structures under service loading doesshotv any evidence of excess
of shear forces at concrete slab to cross beameectian. Nevertheless its load
carrying capacity and fatigue strength may be redudue to combination of
shear forces.

Presented discussion on the issues of compositk Hdebaviour is also
applicable to transverse shear forces caused by liraking and acceleration.
They are applied to a concrete slab through railragk and gravel as
uniformly distributed load. Due to significant itape rigidity of the slab and
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similarity of all cross beams it may be assumed tha forces are equally
distributed among cross beams. Distribution ofsvanse shear forces along any
particular cross beam depends on flexural rigidtitthe horizontal plane and
torsional rigidity of the steel part of the bearmc® steel cross beams are weak
in horizontal plane the peaks of horizontal shemcds occur near joints, i.e.
near girder flanges (near slab side edges) andwindrbracing connections.

3. FACTORSOF MAGNITUDE OF TRANSVERSE SHEAR
FORCES

It is possible to reduce the magnitude of longiadlishear forces in regular

steel-concrete composite beams by appropriate twarg&a of connector

flexibility. The more flexible connector the lesfiear force it transfers.

Increasing connector flexibility towards beam enegualize shear force

distribution along that beam (difference betweesasHorce near the beam end

and at midspan becomes smaller).

Magnitude and distribution of transverse sheardsrcan also be altered. It can

be achieved by altering longitudinal rigidity otancrete slab, rigidity of shear

connectors or transverse rigidity of cross beama horizontal plane. For the

technical reasons the following structural factans available:

a) rigidity of concrete slab (elastic modulus) anddistribution across the slab
(variable thickness),

b) arrangement of wind bracing,

c) arrangement of concrete slab expansion joints.

Numerical analysis has been carried out to estalie extent of influence of

the factors mentioned above on the magnitude ofSt#erse shear forces in a

composite deck caused by joint action of deck araegs.

4. ANALYSED STRUCTURE

Existing railway truss bridge span with steel-ceter composite deck is
analysed. It represents several similar railwaysgauilt in Poland over past 40
years. The span is presented in Figs. 4. Charatitsriof the members of the
main girders and deck are given in Table 1.

Structural dimensions of the span are:

— theoretical length: 51.0 m,

— theoretical height of truss: 8.00 m,

— truss girder spacing: 5.30 m,

— cross beam spacing: 3.19 m,
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— deck slab is made of B35 concrete reinforced wéls lof 18G2-b class steel
(32925 in top and bottom layer); a slab expansion jééntreated at a
midspan,

— shear connectors are made of the angles with retifée
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Fig. 4. Elevation (left) and cross section (righttanalysed bridge span
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Table 1. Member characteristics

Model element [(;AI'T>1<2] [clr)r(14] [clr\r(ﬁ] [C:%A,]
D11, D12 (a half closer to D11) 364 231 | 1669197 33358
D12 (a half closer to D13), D13, D14 (a half 394 337 | 1878496 39608
closer to D13),
E)lgl(z)half closer to D21), D21 (a half closer 494 1012 | 258651V 60441
D21 (a half closer to D22), D22+D24 474 794 | 2466298 56274
Gl 310 432 158183 41711
G2 405 958 221373 58398
K1 (flanges situated vertically) 244 243 87208| 37514
K2 (flanges situated vertically) 184 110 50471| 25014
K3 (flanges situated vertically) 134 58 40572 | 12803
K4 (flanges situated vertically) 98 32 27393 4503
Pp (cross beams - steel plate girder) 170 150 157119 5439
Wind bracing (top and bottom) 31 9 632 632

Concrete slab: width 4,8 m, variable thickness @4em), modelled with shell
elements (8 width wise and 32 lengthwise)
Note: QY axis is orthogonal to webs of D, G, K &l
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5. SCOPE OF NUMERICAL ANALYSIS

The bridge span described in the previous chaptas Mest loaded.

Displacements of the bottom flange nodes and th#teostrains of the bottom

flange top fibres were recorded. Then computationadlel was created out of
the beam and the shell element (Fig.5). Beam eale&aneepresent truss
members, bracings and cross beams while shell alsmrepresent concrete
slab. The model respects true levels of neutrad akéruss bottom flange, cross
beams, concrete slab and wind bracing members lhasveccentricity of truss

bottom flange in reference to theoretical trusadka axis. Test loading results
were used to verify the computational model [4]eThodel is shown in Fig. 5.

It was crated with an aid of the Autodesk Robotkpge. Satisfactory results
were obtained. Current analysis has been carrigdbased on the model
described in [4]. The only amendment introducedther current analysis is a
variable concrete slab thickness in a span cragimsewith 8 shell elements out
of which each has an individual thickness.

Fig. 5. Computational model of analysed bridge span

Five variations of basic numerical model were asedly They are:

— model 0 which is the model of existing structure,

- model 1 which regards to an alternative distributiof concrete slab
thickness,

- model 2 which regards to an alternative elasticuhalof slab concrete,

— model 3 which regards to an alternative wind brgerrangement,

— model 4 which regards to additional slab expangonts.
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Model 1

In this model distribution of the concrete slabckniess is altered. Drainage
system of the deck slab in existing bridge is bamedhe concept of so called
sections i.e. the slab is divided into individualisained parts. Each part has its
own inlet pipe in the slab width centre (Fig. 6hE the slab is the thickest near
side edges and over every second cross beam. Modsbsumes alternative
system: transverse and longitudinal slopes combarad inlet pipes situated
near the slab sides. Thus the deck slab is thedbtmear the side edges (near
the ends of the cross beams).

a)Er\ ! T 1 b)E! 0, = 0, !
A N
o) - o]

Q1™ Oy = O = o i i i i
e e IR IR

O -inlet pipe —=— - slope
Fig. 6. Existing (a) and alternative (b) drainagstem of deck slab

Model 2

In this model elastic modulus of the concrete stahltered. It is possible to

make the slab out of more or less rigid concretepé@ties of the concrete mix

may be altered by lack or presence of certain aimg@s. To represent such an
alternative 10% decrease of elastic modulus of m@acis assumed in the
model 2.

Model 3
In this model arrangement of the bottom wind brgdmaltered. Wind bracing
of the existing structure has so called “K” layolodel 3 considers an
alternative , “double X", layout. For both layoutshich are shown in Fig. 7,
the same bracing cross-section was used (pairghesi

a) b)

Fig. 7. Existing (a) and alternative (b) arrangetradiwind bracing at deck level
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Model 4

In this model arrangement of concrete slab expangiints is altered. The
concrete slab of the existing span is divided imto parts - an expansion joint
is situated at ¥2;LThe two parts are meant to deform independentiydel 4
assumes additional expansion joints atYand %.-L - slab division into four
parts. It is shown in Fig. 8.

For the five described models dead and live loadseweonsidered. Dead load
includes weight of railway track, gravel and figs Live load includes weight
of the load model LM71 of k=+2 class with approfgialynamic coefficient.
Load scheme producing extreme bending moment atspaid has been
analysed.

a)

AN AN
I I I =

Fig. 8. Existing (a) and alternative (b) arranget@drslab expansion joints
(marked with ||)

Transverse shear forces have been calculated éofollowing cross beams:
Ppl, Pp3, Pp5, Pp7, Pp9 (Fig. 4). The forces wamgpated as the difference of
membrane forces in an appropriate shell elementh@both sides of the given
cross beam.

6. RESULTSOF NUMERICAL ANALYSIS

The values of horizontal shear forces (which amedverse to cross beams and
occur at the steel-concrete interface) obtainethftbe analysed models have
been compared.

Extreme values of transverse shear forces obtdoratie analysed cross beams
are shown in Fig. 9. It can be observed that exraemlues of the forces
computed for structural alterations applied in thedels 1+4 are in general
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smaller than the values of the respective she@e$oobtained for the existing

structural arrangement (the model 0). Increaseabfes of the transverse shear
force can be seen in the centre of slab widthHerstructural alteration used in

the model 1 (6%) and near slab edges for the simaicalteration used in the

model 3 (1%).
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@500 Ry - —o0—model 0
© \ -
g & --model 1
%400777' 777777777777777 —-&--model 2
% \ — - —model 3
3004 -\ —x— model 4
200+ ---- N
100 Lo kRS
0 distance from truss girder [m] along cross beam
0.55 1.25 1.95 2.65 3.35 4.05 4.75

Fig. 9. Extreme values of transverse shear foitce$.) across concrete slab
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Fig. 10. Relative values of transverse shear foacesss concrete slab
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Fig. 10 presents the values of the transverse sfaraes from Fig. 9 in
relationship to the results obtained for the emgststructural arrangement (the
model 0). Critical (extreme) values of transvettseas forces occur near the slab
side edges. Structural alterations used in the eable2 and 4 providéB%
reduction of the force value while the structurism@tion used in the model 3
provides 1% increase. Fig. 10 shows that the mffsttere, in terms of the
reduction of the values of transverse shear foiceéhe structural alteration
applied in the model 4. For this alteration theuabn within the range of
9+47% was computed. The alteration applied in theeh3 is more effective in
the slab centre.

The values of transverse shear forces acting osesutent cross beams near the
side edge of a slab and in the centre of a slabhvadce given in Fig. 11a and
Fig. 11b respectively. It can be seen that vanatiof transverse shear forces in
the models 0+3 are similar. The differences obthifrem the model 4 are
caused by additional expansion joints. In the a#skoth existing and altered
arrangements of expansion joints the extreme teassvshear forces occur at
the cross beam in the middle of the bridge spancgtral alterations applied in
the models 1 and 2 provide decrease of valuesetrinsverse shear forces
near the side edge of a slab and increase of valugisear forces in the centre
of a slab width. The structural alteration appliee model 3 leads to more even
distribution of the transverse shear forces indetre of a slab width along the

bridge span.
a
) 600
—o— model 0
500 -~ ---&---model 1
400 + - —-| —-&-—-model 2

— —o— —model 3

—x— model 4

transverse shear force [kN/m]
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Fig. 11. Values of shear forces transverse to dreams acting on subsequent
cross beams near slab side edge (a) and in thevigltbcentre (b)

7. CONCLUSION

In the view of the results of numerical analysanverse shear forces at the
steel-concrete interface in composite deck cauggdiit action of the deck
and main girders may be reduced due to structlteabéions.

2. Examples of structural alterations that reducedkigeme values of shear
forces transverse to cross beams are: a) chandestabution of the slab
thickness (by changing concrete slab drainage mysté) change of
deformability of slab concrete (by changing elastiodulus of concrete),
c) change of cross beams kinematic constraintgliayging arrangement of
wind bracing at cross beam level), d) change ofralveharacteristics of
joint action of deck and girders (by changing ageanent of deck slab
expansion joints).

3. Numerical analyses show that the most effectivenathods c) and d). The
method c) provides reduction of the extreme trars®/ahear forces in the
middle of the slab width centre (up to 19%) whiie tethod d) does it near
slab edges (up to 9%).

4. The methods c) and d), applied in existing railiraygs bridges with steel-
concrete composite decks, would reduce stress iev@bss beams at their
connections to truss girders.
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KONSTRUKCYJNE ASPEKTY KOLEJOWYCH MOSTOW KRATOWNICOWCH
DECYDUJACE O POPRZECZNYCH SILACH ROZWARSTWIALYCH
W POMOSTACH ZESPOLONYCH

Streszczenie

Wspoipraca pomostu zespolonego z kratownicowymvighrami gtownymi wzbudza
poprzeczne sity rozwarstwigle w styku belek poprzecznych i betonowej ptyty
pomostowej. W pracy przeanalizowano numerycznie ywphiektérych aspektow
konstrukcyjnych presta kratownicowego mostu kolejowego na poprzeczitg s
rozwarstwiagce w pomécie zespolonym. Wykorzystano model obliczeniowy
zweryfikowany wynikami badaprzesta pod prébnym obgieniem. Analizowano wptyw
czterech modyfikacji uktadu istnigjego, uwzgldnionego w modelu pierwotnym. Byty
to m.in.: odmienny uklad sten wiatrowych (,X" zamiast ,K”), mniejszy rozstaw
poprzecznych przerw dylatacyjnych w ptycie pomospwtrzy w przsle zamiast
jednej). Stwierdzono,ze zmiana ukladu sten wiatrowych wywotuje najwikszy
redukcg ekstremalnych poprzecznych sit rozwarstaggh wsrodku szerokéci piyty,
natomiast zwikszenie liczby poprzecznych przerw dylatacyjnyclytyptpowoduje
najwicksza redukcg poprzecznych sit rozwarstwigiych w @siedztwie bocznych
krawedzi plyty. Zabiegi zmiany ukitadu eten wiatrowych w poziomie pomostu oraz
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zwiekszenia liczby dylatacji ptyty pomostu, zastosowameistniepcych kolejowych
mostach kratownicowych z pomostem zespolonym, sdadakze redukcg wytezenia
poprzecznic w pakzeniach z gwigarami gtéwnymi.

Stowa kluczowe:  stalowo-betonowy pomost zespolorsily $cinajace, most
kratownicowy
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