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Lecture Outline ﬁ

* Bridge Floor Systems.
— For Roadway Bridges.
— For Railway Bridges.
» Bridge Loading.
— For Roadway Bridges.
— For Railway Bridges.
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Introduction ;

Structural systems used in bridge floors
vary according to the bridge usage.
There are three main types of transverse
structural systems used in roadway
bridge floors, whereas there are two main
types for railway bridges.

Sherif A. Mourad 3

There are three main types of transverse
structural systems used in roadway
bridge floors:

a) Slab
b) Beam-Slab (slab with floor beams)

c) Orthotropic plate floor
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Floors for Roadway Bridges @
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a) In the Slab cross-sections, a reinforced
concrete deck slab about 20 to 30 cm
thick is supported directly on the bridge
main girders. This system is
economical for small spans, generally
below 25m, where multiple girders are
used for the longitudinal structural
system at spacing of 2.5 — 4 m.
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Deck slab surfaced Parapet
with asphalt J
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Shear Girders
connectors
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Floors for Roadway Bridges @
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b) In the Beam-Slab cross-sections, the
deck slab is supported on longitudinal
floor beams (called stringers) and /or
transversal floor beams (called cross-
girders). This system is generally
adopted for medium spans below 80
m where the spacing of main girders
exceeds about 4 m.
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Floors for Roadway Bridges @
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b) In both cases, the slab may act
independently of the supporting beams
(a very uneconomic solution for
medium and large spans) or it may
work together with the supporting
beams (composite bridge deck). The
composite action requires the shear
flow between the slab and the girders
to be taken by shear connectors.
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"' Floors for Roadway Bridges ﬁ
e e

c) In the Orthotropic Plate Deck, a
stiffened steel plate covered with a light
wearing surface is welded on top of the
main girder webs to provide a deck
surface. The deck plate, acting as the
top flange of the main girders, gives a
very efficient section in bending.
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c) The steel plate is longitudinally
stiffened by ribs, which may be of open
or closed section. Transversally, the
ribs are connected through the
transverse floor beams (cross girders)
yielding a complex grillage system
where the main girders, the steel plate,
the ribs and the floor beams act
together.
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Floors for Roadway Bridges @
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c) When compared to concrete slab
decks, the biggest disadvantage of
orthotropic steel plate decks is their
high initial cost and the maintenance
required. Concrete decks are therefore
usually more economic than
orthotropic steel plates. The latter are
only adopted when deck weight is an
important component of loading, i.e. for
long span and moveable bridges.
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Tracks of railway bridges are normally
carried on timber sleepers which are 260
cm long and spaced at not more than 50
cm between centers. The sleepers are
then supported on the bridge floor
system, which may be of the:

A.open timber floor type.

B.ballasted floor type.
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" Floors for Railway Bridges @

a) The Open Floor type consists of
longitudinal beams, called stringers,
spaced at 1.5 to 1.8 meters, and
transversal beams, called cross
girders, spaced at 4.0 to 6.0 meters.

b) The Ballasted floor type consists of a
20 cm layer of ballast carried on an
R.C. slab which is supported on steel
floor beams, e.g.; stringers and/or
cross girders.
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' Floors for Railway Bridges @
&

554050 daal

Sherif A. Mourad

&)

Bridge Loading ﬁ

Why do we need to devote considerably
greater attention to the assessment of
loads for bridges than for many other
types of structure?
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Bridge Loading ;

Bridges, particularly larger structures, are
substantial investments of public funding
for which a high level of safety is
required.

Loads may be determined with greater
precision than with many other types of
structure.

Load paths are usually well defined.
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Bridge Loading ﬁ

Strength, static or fatigue, is more
frequently the governing design condition.

The primary structure is a much higher
proportion (typically > 80%) of the total
investment than is the case in, for
example, a commercial multi-storey
building (frequently < 20%).
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Bridge Loading ;

Loads are divided into main loads and
secondary loads:

v" Main loads include dead load, live load +
impact, jacking, prestressing, concrete
creep, centrifugal force, earth and water
pressure, and loads on railing.

v' Secondary loads include temperature,
seismic, braking force, friction on bearings,
differential settlement, shrinkage of
concrete.
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Bridge Loading ;

The Egyptian Code for loads identifies
the loads and other actions which need to
be considered in bridge design, and
define their characteristic values. The
Egyptian Code for Steel (ASD) or the
Egyptian Code for Bridges (LRFD) are
the references for design.
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Highway Bridges {
gDead Load ;

Dead load on bridges includes the weight
of structural materials (self-weight) and also
the so-called superimposed dead load
(surfacing, finishes, etc.).
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Highway Bridges ﬁ
Dead Load e

The own weight of the bridge generally
requires an experienced engineer to
provide a reasonable estimate prior to
completion of the design.

It is customary to provide a reasonable
estimate of own weight at the initial
design stage and then to check and/or
verify the assumption at the final stage.
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Highway Bridges @

Dead Load

The weight of the surfacing generally has
a large variation during the life of a
bridge and so particular care must be
taken to assess its design value. It is
customary to adopt a conservative
estimate of initial thickness to determine
the characteristic loading and then to
apply a high partial factor.

Sherif A. Mourad 25

Highway Bridges ﬁ
Live Load

Traffic loads on bridge decks are used to
simulate the effects of vehicles and/or
pedestrian loads. Some traffic loads
represent the weight of real vehicles that
can travel over the bridges; other

values and distributions are chosen in
such a way that they produce maximum
internal forces in bridge structures similar
to the ones produced by real vehicles.
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Highway Bridges \
gLiveyLoad ;

Three types of loads are specified in the
Egyptian Code for Loads:

— Uniform distributed loads
—Knife-edgeload
— Single wheel loads.

— Truck loads
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Highway Bridges {
J LiveyLoadg ;
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Highway Bridges
Live Load
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Highway Bridges
Live Load

Cases of loading N

Impact effects (dynamic effects) of traffic
loads are in general specified in the codes.
For highway bridges an enhancement of
up to 25% of the static load is often used
to take impact into account.
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Truck Dimensions
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Truck Dimensions @
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Loading Model 1 @
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L

oy [ TR [T3ST0)

S}

(EE=N We
IS (5 k) o
@ (w

W

® "

[Eetiiai daald]  [WEET.0)

il Lb

ol 55 Y,0 Fa),0 n il b
ol S 0 ——— a0 sy J o sl D

Sherif A. Mourad 38

STR403 - Metallic Bridges 19



Cairo University - Faculty of Engineering Winter Y. Y.
Structural Eng. Dept.

Loading Model 1 @
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Loading Model 3
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Distribution of @
Concentrated Loads
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Braking Force ﬁ
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Centrifugal Force
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Vehicle Impact

 Impact on bridge columns and piers.
 Impact of concentrated load on curb.

 Impact of vehicle on curb and barriers.
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Temperature Variation
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Temperature Variation
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Wind Loading
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Wind Loading
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Other Loading

» Seismic loading.

 Bearings and friction coefficient.

« Differential settlement.

 Creep and shrinkage.

» Special loading during construction.
» Lateral loads from soil or water.

* Fatigue.

» Non-conventional loading.

Sherif A. Mourad
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Footbridge Loading

 Vertical loads: Distributed loads,
concentrated loads, car loads.

* Lateral loads.

* Impact loads.

» Handrail loads.

» Live load for retaining walls.

« Human comfort and resonance.

Sherif A. Mourad
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Railway Bridges
Live Load @

Train loads on bridge decks are used to
simulate the effects of vehicles loads.
The train standard load is defined in the
Egyptian Code for Loads, Chapter 6.

Railway Bridges
Livg Loadg 5
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Railway Bridges @
Live Load
Yo) oS Yoo lgia JU ol ) Jaall daf fie) 10 Ay Glilas e jglae Ay ) =)
- Qu el dlje s (ob
sk Quic Jelle & e 5 (pfcste A) ofCS Av i Cuilall (g pliTe g jg0 Jas = Y
aaie Jaadl (5% o) Ja il sane 2
afcsa V) pfoS) v g A2 il o jUaill ilSe Jes - ¥
Qi Qu 0Q, Q
250 250 250 250
KN KN KN kN
q,=80kN/m q,= 80 kN/n
ST (LTI,
?‘ T e lie]ie] | ]
L5080 0.80 o=l
abill) Jaadl zigai (V1) Jed
Sherif A. Mourad 55

Railway Bridges ﬁ

Live Load
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Railway Bridges @
Live Load
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Dynamic Effect for Live Load ﬁ
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Dynamic Effect for Live Load
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Temperature Effect
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Braking and Traction
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Summary

» Bridge Floor Systems.
— For Roadway Bridges.
— For Railway Bridges.
« Bridge Loading.
— For Roadway Bridges.
— For Railway Bridges.
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