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LECTURE 15B.1

Conceptual Choice
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Figure 1 Elevation of typical girder bridge
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Figure 3 Typical plan view of skew bridge

3h5=r

Lecture 15B.1

Direction of launch

Pontoon

Figure 5 Typical launching arrangement
using pontoon

Ao

Lecture 15B 1



. i N el
”ﬂ:—l*l~~n ] A
T 1 o
|

NGNS

T T T l_/(
i
L s : <
2 = -
(a) Overall scheme
Suspension 50T moving derricks

__ cable —7

saddle - v _4}1 — i

Winch

Moving erection platforms

(E‘\

| —

i
@ i T | i i
Figure 6 Typical methods of liftin g SIS TN — &7_\\\”.\\\”_\\\’<\\z\\\z.\\u7" N

bridge sections -

(b) Optiong for positioning segments

l Figure 7 Typical cantilever erection = =p
=p : of a cable-stayed bridge. -
¥ % Lecture 15B.1
Lecture 15B.1

[L/20 to L/30 (L/15 Rail bridge)
|

T T T T T T T T T T T v 1 1 I 1

T Carriagewa ':I Carriageway
arriageway [ . l
|

fe L |

F =al

Figure 8 Typical elevations of zéng

highway overbridges.
Lecture 15B.1




llFootpattll Carriageway ' Footpathl

) | | g
Deck slab surfaced \ Parapet
with asphalt
/
2L LT LLT LIL LT
B B
Shear

< Girders
connectors

Figure 9 Typical cross-section of a
single carriageway highway bridge

o

Lecture 15B.1

by A
. 300 _, 8300 300
| | i
\ |
— ) Y
7
14'?‘
300 8
200

Figure 10 Orthotropic steel deck.

o

Lecture 15B.1



A

200 to
230mmL S I
1
7 B | LE::E[]
|
(a) Multiple U.B.
2,5 to 3,5m
200 to '
240mmL ;
" st BT
o=
| 10 to 1.75m |
(b) Multiple plate girders
i.aoo to
- 350mm.
([E,— l/ ! | jw
R ! e
1,0 to 3,3m 4,0 to 5,5m
f >
(c) Twin plate girders with
haunched slab
at mid-span ! at pler N
Figure 11 Typical cross-sections
9000 typ.
e i | Structure
gauge
I T,_[f?l—x._f I N j {50
. typ.
= A : =
/ |
Composite
cross girder
; (2070 for span > 22)
Siructurs 1620 1432 1970 _ 1432
gauge N |
, 750
'\ Igm m /— —
— | — 855 | 1yp.
A ! L v typ.
]
Stesl tloor L 7890 typ.
plate integral '
with cross girder rﬁw
HH | Lt
! T | 1310
600

”

Lecture 15B.1

Figure 12 Typical cross-sections
for railway bridges

200 to
// 320mm.
| j
T
T
]

\L

e

|
' =
1,0 to 3,3m 6,0 to 7,0m
I
(d) Twin plate girders and stringer
200 to
zaomml__ E;_‘ | y;__,gl)

T" |

Al

Twin plate girders and cross girders

i

(e)

o |_ B | ;
CH D

0.8_to_12m L—»LM'">I | ]
(f) Multiple box
at mid-span | at pler
- T

=p

for highway bridges. Lecture 15B.1

)

< about 250m

of long span

Typical elevation
girder bridge

Figure 13

;@EP

Lecture 15B 1




Asphalt surfaced
concrete deck

11 \ 10

s Sl 10 ¢
\ Cross girder
Box girder

Figure 14 Typical cross-section of wide,
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LECTURE 15B.2

Actions on Bridges
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Knife edge

Figure 2 Location of distributed and knife edge loads Figure 3 Uniformly distributed load on traffic lanes.
to produce maximum mid-span moment.
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according to load specifications by the
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Figure 10 Sidewalk distributed load.
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Figure 16 Horizontal force due to nosing
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Figure 15 Longitudinal tractive forces.
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LECTURE 15B.3
Bridge Decks
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(a) Orthotropic steel deck

(b) Composite slab

Figure 3 Modern highway bridge decks.
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(a) Full depth precast unit (b) Full depth precast unit
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Figure 8 Typical grillage analysis for
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(a) Multiple girders
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(b) Twin girder with haunched slab
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Figure 1 Types of composite plate girder and girder
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LECTURE 15B.4
Plate Girder and
Beam Bridges
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(b) Through girder construction

Figure 2 Half-through and through girder
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(a) Single span

(b) Simply supported spans
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(c) Cantilever and suspended span

(d) ldeal length proportions for continuous viaduct

(e) Typical continuous motorway over-bridge

(f) Continous - curved soffit

Figure 3 Arrangmenté for longitudinal girders

Lecture 15B.4

(a) Haunched form (curved soffit)
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Figure 5 Alternative forms of variable
depth plate girders
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orthotropic deck forming with main girders
deck-type cross-section acting as rail bearers
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(e) Twin beam/girder (f} Half-through arrangement

footbridge cross-section tor footbridge
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Figure 6 Selection of plate girder/beam
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Figure 7 Modes of instability of plate girders
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(b) X - bracing
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(c) Braced abutment trimmer

Figure 9 Commonly used bracing systems
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(c) Cross girder at piers

Figure 8 Types of transverse structure for

composite plate girder bridges

Lecture 15B.:

(a) Discrete U - frame : positive moment

Insitu concrete slab
tied to girder web by
shear connectors

(b) Continuous U - frame : positive moment

(c) Continuous U - frame : negative moment

Figure 10 Types of U - frame restraint to

compression flange -
/
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(a) Orthogonal grillage
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(b) Grillage for spans with smail skew (< 20°)
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(c) Grillage for spans with large skew (> 20°9)

Figure 11 Typical grillages
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Figure 13 Open grid steel deck -
layout and deformations
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LECTURE 15B.5

Truss Bridges
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Figure 3

A typical highway truss bridge.
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(box-section)

Bolted
connections

(@) Top hat (i (b) Top hat (i)

(a) Example of movable truss bridge.
Rear part of the bridge.

(c) Box (d) Rolled section

(f) Rolled hollow section

(b) Bailey temporary bridge Figure 5‘ Compression chord members &?
for emergency uses. i . SHOE|
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Figure 4 Particular applications of trusses -

in bridge construction Lecture 15B.5
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@ (c) Made-up I (d) Rolled section

Rolled hollow section
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(c) Rolled section (d)

Figure 6 Tension chord members

Figure 7 Diagonal and vertical members



(a) St.Andrew's cross system
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(b) Deformed shape of (a)

Plan: upper chord
Note: Truss webs, upper chord and its lateral bracing
shown as solid lines for clarity

Figure 9 Buckling mode of a diamond system
used as upper chord lateral bracing.

(c) Diamond system

Figure 8 Upper chord lateral bracing Lecture
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Figure 10 General arrangement of a through truss railway bridge. Lecture 15B.5
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Figure 11 Butt-welded connections and gusset
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fatigue in the connection.
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LECTURE 15B.6
Box Girder Bridges

LECTURES
Lecture 8.5.1: Page 10
Lecture 8.5.2: Pages 8 & 10 -
_ Lecture 15B.3: Page 8
FIGURES
Figure 1: Page 3,6 & 8
Figure 2: Page 3
Figure 3: Pages 4, 5, 6
Figure 4: Page 4
Figure 5: Pages 8 & 9
Figure 6: Page 11
Figure 7: Page 12
Figure 8: Page 12
Figure 9: Page 12
Figure 10: Page 13
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Figure 1 Box girder bridge with composite

concrete deck: nomenclature Figure 2 Britannia bridge, 1850.
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Central box girder with
cantilever brackets.

Box girder bridge is in
this case less expensive
and more aesthetic

- E in appearance than

e a plate girder bridge
and skew alignments

of bearings are

avoided.

Figure 3b Box girder bridge.

i

Figure 3a Plate girder bridge. %EP %:P
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3 to 4m centres

Box girder

‘ >< >< : (b) Cross girder for widely spaced boxes
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Figure 4 Types of cross-section. %Ep
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Figure 5 Intermediate transverse elements
between boxes.
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Figure 6 Erection of the Pont de Martique b7/
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Figure 7 Bridge across Danube, Vienna.
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LECTURE 15B.8

¢
: Cable-Stayed Bridges
FIGURES
Figure 1: Page 4
Figure 2: Pages 4 & 5
Figure 3: Pages 5, 6 & 10
Figure 4: Page 7
Figure 5: Page 8
Figure 6: Page &
Figure 7: Page 8
Figure 8: Page 9
Figure 9: Page 9

Figure 10: Page 10
Figure 11: Page 10
Figure 12: Pages 11 & 12
Figure 13: Page 13

Figure 14: Page 13
Figure 15: Page 14

Figure 16: Page 15

Cable system
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Girder / Pylon
Al (a) Fan cables Al
a A
S (b) Modified fan cables ==
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Figure 1

(c) Harp cables

Types of cable

stayed bridge
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Figure 2 Support conditions for cable stayed bridges
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High-density polyethylene

Figure 4 Lock coil cable Filament tape

Figure 5 Parallel wire strand (PWS)
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Plate 12-14 (Typical)
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|
! 600 (Typical)
I

2500-4000
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d Full diaphragms
at support and
cable anchor points

Section A - A

Figure 6 Typical box girder construction
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Section A - A

Figure 7 Typical plate girder construction
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(a) Central cable plane

i
(b) Cables in parallel planes
» Figure 9 Typical pylon cross-section

(c) Cables in twin inclined planes
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Figure 8 Pylon configurations ' . Lecture 15B.8
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(a) Twin cable planes and plate girder

\/ / Figure 11 Influence of gravity on cable sliffness
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(b) Inclined cable planes and a box girder

e
Figure 10 Analytical models for cable ?53=P
stayed bridges ’
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Figure 12 Stability of pylons
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Figure 13 Typical cable anchorage
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Figure 14 System for anchoring a central cable to a box girder
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Figure 15 Anchorage system for cables at pylon in

a modified fan bridge Figure 16 Methods of erection
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LECTURE 15B.9
Suspension Bridges
LECTURES

Lecture 15.3: Page 7

Lecture 15.6: Page 7
Lecture 15.7: Page 3

FIGURES

Figure 1: Page 3
Figure 2: Page 3
Figure 3: Page 5
Figure 4: Page 6
Figure 5: Page 6
Figure 6: Page 6
Figure 7: Pages 6 & 7
Figure 8: Page 7
Figure 9: Page 7

Figure 10: Page 8

Figure 11: Page 8

Figure 12: Page 9

Figure 13: Page 10
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Figure 1 Principal components of a suspension bridge
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Figure 3 Classification of suspension #EP
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Figure 5 Cable spinning as developed by Roebling
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Figure 6 Details of cable anchorage for the Severn bridg:
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Figure 10 Firth of Forth bridge
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Figure 14 A view from underneath,

showing the transparency of
the Lisbon suspension bridge
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Figure 15 A technique for

Displacement of main cable with
respect to the stlffening girder

L

Anchorage

Figure 16

Equally distributed load

Deformation of the stiffening girder
and displacement of the main cable

due to a "half span" equally
distributed load
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controlling flutter
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igure 17 Cable band to main cable connection
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Figure 18 Presetting pylons to prestress anchor
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Figure 19 Backlash displacements in cable clamps




Figure 20 Hanger configuration:
Severn bridge

Figure 21 Cable distortion during erection
and to influence the on site
joints of stiffening girder
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Figure 1 Forces and displacements on bearings
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Bridge Equipment
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(a) Simple span.

(b) Long-span viaduct:bearings oriented in
direction from the fixed point.

(c) Long-span viaduct:bearings oriented
in tangential directions.

Key:
Fixed bearing<o—>  Unidirectional bearing

*%-’ Multidirectional bearing

Figure 2 Layout of bearing systems.
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Figure 3 Elevation of line rocker bearing.
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Figure 5 Roller bearing.
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Figure 4 Section through line rocker bearing.
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Figure 6 Flat-sided roller bearing.
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Figure 7 Plane/spherical point bearing.
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Figure 9 Sliding point bearing.
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Figure 8 Double spherical point bearing.
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Figure 13 Layout of elastomeric sliding bearing
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Planar bearing surface
- dimpled PTFE recessed into piston

/ Top plate - mild steel
| |

Sliding plate
- stainless steel

,(/ X
R
\ Waterproofing
Piston rings - brass
-

Piston - mild stesl

Elastomer

Base member - mild steel

Figure 15 Multidirectional pot bearing.
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Figure 17 Finishing on concrete slab.
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Figure 16 Bearings with spherical gap.
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Figure 18 Finishing on orthotropic slab.
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Figure 19a Types of covered expansion joint.
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Figure 20 Toothed joint.
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Figure 19b Asphaltic plug joint
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Figure 21 Joint with elastomeric extensions.
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Figure 22 Roller shutter joint.
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Figure 26 Examples of rigid safety fences
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Figure 28 Drainage of rainwater
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Figure 1

Cross-section of a box girder
used in buildings
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Design of Box Girders
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Figure 1: Page 3
Figure 2: Pages 3 & 10

Figure 2a: Page 3
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Figure 3: Pages 3 & 9
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Figure 2 (a) Cross-section of a box beam with compaosite
concrete top flange
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Figure 2 (b) Cross-section of an orthotropic
box beam
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Figure 7 Tension fields developed under torsion
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Figure 9 Tapering of longitudinal stiffener
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Figure 8
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Figure 11 Transverse stiffener welded to
thinner plate adjacent to transverse
butt weld in the plate

-

Lecture 8.5.1




LECTURE 8.5.2
Advanced Methods for
Box Girder Bridges

FIGURES

Figure 1: Page 3
Figure 2: Page 3
Figure 3: Pages 6 & 12
Figure 4: Page 7
Figure 5: Page 7

Figure 6: Page 11

Figure 7: Page 11

Figure 8: Page 12

Figure 9: Page 12
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of bearings are
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Figure 2 Box girder bridge
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Figure 4 Interpretation of the output
of a grillage analysis
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Limit conditions on

flexure rotation-free

Numerically:
bearings: L = 2m
b = 0,10m t, = 0,001m

torsional rotation-blocked h = 0,05m t, = 0,003m
undeformable diaphragms at ends E = 200.000 N/mm v=0,3
no warping stress at the ends q = 250 N/ml

u + v < 0,030mm

Diaphrams t = 2mm

3 MPa

Warping stresses
with three diaphragms

Figure 7B Influence of diaphragm separation Z§ =

- three diaphragms
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