Bridge Design

Introduction
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What is a Bridge?

Some definitions:

“a structure spanning and providing passage over a river, chasm, road, or the like.”
“a structure carrying a pathway or roadway over a depression or obstacle (such as a river)”

“a structure that is built over a river, road, or railway to allow people and vehicles to cross from one side to the
other”

“A bridge is a structure that is built over a railway, river, or road so that people or vehicles can cross from one
side to the other.”

“A structure carrying a road, path, railway, etc. across a river, road, or other obstacle.”

‘a road, railway, or path that goes over a river, over another road etc, and the structure that supports it”

“A structure spanning and providing passage over a gap or barrier, such as a river or roadway.”

None of them are complete but they define the basic characteristics of a bridge
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What is a Bridge?

Some definitions:
“a structure spanning and providing passage over a river, chasm, road, or the like.”
“a structure carrying a pathway or roadway over a depression or obstacle (such as a river)”

“a structure that is built over a river, road, or railway to allow people and vehicles to cross from one side to the
other”

“A bridge is a structure that is built over a railway, river, or road so that people or vehicles can cross from one
side to the other.”

“A structure carrying a road, path, railway, etc. across a river, road, or other obstacle.”

‘a road, railway, or path that goes over a river, over another road etc, and the structure that supports it”

“A structure spanning and providing passage over a gap or barrier, such as a river or roadway.”

A bridge is a structure
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What is a Bridge?

Some definitions:
“a structure spanning and providing passage over a river, chasm, road, or the like.”
“a structure carrying a pathway or roadway over a depression or obstacle (such as a river)”

“a structure that is built over a river, road, or railway to allow people and vehicles to cross from one side to the
other”

“A bridge is a structure that is built over a railway, river, or road so that people or vehicles can cross from one
side to the other.”

“A structure carrying a road, path, railway, etc. across a river, road, or other obstacle.”

“‘a road, railway, or path that goes over a river, over another road etc, and the structure that supports it”
“A structure spanning and providing passage over a gap or barrier, such as a river or roadway.”

A bridge provides a passage for vehicles, people, water, materials, utilities, ...
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What is a Bridge?

Some definitions:
“a structure spanning and providing passage over a river, chasm, road, or the like.”
“a structure carrying a pathway or roadway over a depression or obstacle (such as a river)”

“a structure that is built over a river, road, or railway to allow people and vehicles to cross from one side to the
other”

“A bridge is a structure that is built over a railway, river, or road so that people or vehicles can cross from one
side to the other.”

“A structure carrying a road, path, railway, etc. across a river, road, or other obstacle.”

‘a road, railway, or path that goes over a river, over another road etc, and the structure that supports it”

“A structure spanning and providing passage over a gap or barrier, such as a river or roadway.”

A bridge crosses a natural or manmade obstacle.
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Bridge Classification

Based on traffic carried:
» Road traffic
» Raill traffic
(Heavy rail, Light rail)
* Non-motorised traffic
(Pedestrians, Cyclists)
 Water
(agueducts, canals)
« Utilities
(water, electricity, tele-
communications, natural gas)
« Raw Material

(conveyor bel
«  Wildlife
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Bridge Classification

Based on traffic carried:
» Road traffic
» Raill traffic
(Heavy rail, Light rail)
* Non-motorised traffic
(Pedestrians, Cyclists)
 Water
(agueducts, canals)
« Utilities
(water, electricity, tele-
communications, natural gas)
« Raw Material

(conveyor belts)
«  Wildlife
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Based on traffic carried:

13.02.2025

Road traffic
Rail traffic

(Heavy rail, Light rail)
Non-motorised traffic

(Pedestrians, Cyclists)
Water

(agueducts, canals)
Utilities

(water, electricity, tele-

communications, natural gas)
Raw Material

(conveyor belts)
Wildlife

Bridge Classification
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Bridge Classification

Based on traffic carried:
 Road traffic
* Raill traffic

-

(Heavy rail, Light rail) ;;:
« Non-motorised traffic fj
(Pedestrians, Cyclists) f\
. Water % 3
(agueducts, canals)
« Utilities

(water, electricity, tele-
communications, natural gas)

« Raw Material
(conveyor belts)
«  Wildlife
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Bridge Classification

Based on traffic carried:
» Road traffic
» Raill traffic
(Heavy rail, Light rail)
* Non-motorised traffic
(Pedestrians, Cyclists)
 Water
(agueducts, canals)
« Utilities
(water, electricity, tele-
communications, natural gas)
« Raw Material

(conveyor belts)
«  Wildlife
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Bridge Classification

Based on traffic carried:
» Road traffic
» Raill traffic
(Heavy rail, Light rail)
* Non-motorised traffic

(Pedestrians, Cyclists)
+ Water
(agueducts, canals)
« Utilities
(water, electricity, tele-
communications, natural gas)

« Raw Material
(conveyor belts)
«  Wildlife
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Based on traffic carried:

13.02.2025

Road traffic
Rail traffic

(Heavy rail, Light rail)
Non-motorised traffic

(Pedestrians, Cyclists)
Water

(agueducts, canals)
Utilities

(water, electricity, tele-

communications, natural gas)
Raw Material

(conveyor belts)
Wildlife

Bridge Classification
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Based on traffic carried:

13.02.2025

Road traffic
Rail traffic

(Heavy rail, Light rail)
Non-motorised traffic

(Pedestrians, Cyclists)
Water

(agueducts, canals)
Utilities

(water, electricity, tele-

communications, natural gas)
Raw Material

(conveyor belts)
Wildlife

Bridge Classification
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Based on traffic carried:

13.02.2025

Road traffic
Rail traffic

(Heavy rail, Light rail)
Non-motorised traffic

(Pedestrians, Cyclists)
Water

(agueducts, canals)
Utilities
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Raw Material

(conveyor belts)
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Based on traffic carried:

13.02.2025

Road traffic
Rail traffic

(Heavy rail, Light rail)
Non-motorised traffic

(Pedestrians, Cyclists)
Water

(agueducts, canals)
Utilities

(water, electricity, tele-

communications, natural gas)
Raw Material

(conveyor belts)
Wildlife

Bridge Classification
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Based on traffic carried:

13.02.2025

Road traffic
Rail traffic

(Heavy rail, Light rail)
Non-motorised traffic

(Pedestrians, Cyclists)
Water

(agueducts, canals)
Utilities

(water, electricity, tele-

communications, natural gas)
Raw Material

(conveyor belts)
Wildlife

Bridge Classification
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Bridge Classification

Based on typology:
« Slab

« Girder
 Truss
 Frame

* Arch

« Suspension

« Cable-Stayed
» Extradosed

* Underslung

« Stress-ribbon
» Floating
 Movable

* Hybrid systems
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Based on typology:

Slab (Plattenbriicke)
Girder

Truss

Frame

Strut frame
Arch
Suspension
Cable-Stayed
Extradosed
Underslung
Stress-ribbon
Floating
Movable

Hybrid systems

13.02.2025

Bridge Classification
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Based on typology:

Slab

Girder (Balkenbrlicke)
Truss

Frame

Strut frame
Arch
Suspension
Cable-Stayed
Extradosed
Underslung
Stress-ribbon
Floating
Movable

Hybrid systems

13.02.2025

Bridge Classification
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Based on typology:
« Slab

« Girder

* Truss (Fachwerkbricke)
 Frame

« Strut frame

* Arch

« Suspension

« Cable-Stayed

« Extradosed

* Underslung

» Stress-ribbon

» Floating

« Movable

* Hybrid systems

13.02.2025

Bridge Classification
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Based on typology:

Slab

Girder

Truss

Frame (Rahmenbricke)
Strut frame
Arch
Suspension
Cable-Stayed
Extradosed
Underslung
Stress-ribbon
Floating
Movable

Hybrid systems

13.02.2025

Bridge Classification
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Based on typology:
« Slab

« Girder

 Truss

 Frame

« Strut frame (Sprengwerk)
* Arch

« Suspension

« Cable-Stayed

« Extradosed

* Underslung

» Stress-ribbon

» Floating

« Movable

* Hybrid systems

13.02.2025

Bridge Classification
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Based on typology:

Slab

Girder

Truss

Frame

Strut frame
Arch (Bogenbricke)
Suspension
Cable-Stayed
Extradosed
Underslung
Stress-ribbon
Floating
Movable

Hybrid systems

13.02.2025

Bridge Classification
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Based on typology:

Slab

Girder

Truss

Frame

Strut frame
Arch
Suspension (Hangebrlicke)
Cable-Stayed
Extradosed
Underslung
Stress-ribbon
Floating
Movable

Hybrid systems

13.02.2025

Bridge Classification
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Based on typology:

13.02.2025

Slab

Girder

Truss

Frame

Strut frame
Arch
Suspension
Cable-Stayed (Schragseilbriicke)
Extradosed
Underslung
Stress-ribbon
Floating
Movable

Hybrid systems

Bridge Classification
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Bridge Classification

Based on typology:

« Slab

« Girder

e Truss

 Frame

« Strut frame

* Arch

« Suspension

» Cable-Stayed clear distinction?
- Extradosed (see notes)
* Underslung

» Stress-ribbon

» Floating
« Movable
* Hybrid systems
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Bridge Classification

Based on typology:
« Slab

« Girder

 Truss

 Frame

« Strut frame

* Arch

« Suspension

« Cable-Stayed

« Extradosed

» Underslung (Unterspannter Trager)
» Stress-ribbon

» Floating

« Movable

* Hybrid systems
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Bridge Classification

Based on typology:
« Slab

« Girder

 Truss

 Frame

« Strut frame

* Arch

« Suspension

« Cable-Stayed

« Extradosed

* Underslung

» Stress-ribbon (Spannbandbriicke)
» Floating

« Movable

* Hybrid systems
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Based on typology:

Slab

Girder

Truss

Frame

Strut frame
Arch
Suspension
Cable-Stayed
Extradosed
Underslung
Stress-ribbon
Floating (Schwimmbrtcke)
Movable

Hybrid systems

13.02.2025

Bridge Classification
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Based on typology:

Slab

Girder

Truss

Frame

Strut frame
Arch
Suspension
Cable-Stayed
Extradosed
Underslung
Stress-ribbon
Floating

Movable (Klappbrtcke, ...)

Hybrid systems

13.02.2025

Bridge Classification
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Based on typology:

Slab

Girder

Truss

Frame

Strut frame
Arch
Suspension
Cable-Stayed
Extradosed
Underslung
Stress-ribbon
Floating
Movable
Hybrid systems

13.02.2025

Bridge Classification
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Bridge Classification

Based on typology:
« Slab

« Girder

 Truss

 Frame

« Strut frame

* Arch

« Suspension

« Cable-Stayed

« Extradosed

* Underslung

» Stress-ribbon

» Floating

« Movable

* Hybrid systems
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Based on material:

Masonry

Timber

lron

Steel

Concrete

Composite
(steel-concrete)

13.02.2025

Bridge Classification
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Bridge Classification

Based on material:

 Masonry

* Timber

e lron

 Steel ' 3,

« Concrete o N . e e

« Composite
(steel-concrete)
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Based on material:

Masonry

Timber

lron

Steel

Concrete

Composite
(steel-concrete)

13.02.2025

Bridge Classification

ETH Zurich | Chair of Concrete Structures and Bridge Design | Bridge Design Lectures

37



Based on material:

 Masonry

* Timber

e lron

« Steel

« Concrete

« Composite
(steel-concrete)

13.02.2025

Bridge Classification
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Bridge Classification

Based on material:

* Masonry

« Timber

* lron

« Steel

« Concrete

« Composite
(steel-concrete)
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Based on material:

Masonry

Timber

Iron

Steel

Concrete

Composite
(steel-concrete)

13.02.2025

Bridge Classification
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Based on material:
* Masonry

« Timber

* lron

« Steel

« Concrete

« Composite
(usually steel-concrete)

13.02.2025

Bridge Classification

ETH Zurich | Chair of Concrete Structures and Bridge Design | Bridge Design Lectures

41



General Characteristics - Nomenclature

Half Section <{—— | > Half Elevation
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General Characteristics - Nomenclature

Half Section <{—

Superstructure |
Uberbau \:

Half Elevation
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13.02.2025

General Characteristics - Nomenclature

Half Section <{—— | > Half Elevation

i J
! I | — -] ]
[ | —— |

e " ey ] ////| ‘II‘II‘II‘II‘II‘H‘:I‘II

,l',l' I.E:l::_.l

:- -%.‘/ /%}
Substructure i i

Unterbau
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General Characteristics - Nomenclature

Half Section <{—— | > Half Elevation

Access Chamber

Unterhaltsraum _ ) !
Back Walll \ i : :
(Widerlager-)Ruckwand l ! I ;f_:ll ||
i 22 // S // /II‘II‘II‘II‘II‘II‘II‘
Pl S A | N T ?’j' /L!j-i_]
! /! ! = Approach
Lgeman: Bridge Seat. 7 ? Voriandbereich
Fligelmauer Auflagerbank ﬁ: i \ Wing Wall
Breast Wall . T —~1 i . Flugelmauer
(hintere) e 7% I B X B
Widerlagermauer i
i i Pile Cap
Spread Footing : N Pfahlkopfplatte
Flachfundament Driven Piles
Abutments Rammpfahle

Widerlager / Brickenende
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13.02.2025

General Characteristics - Nomenclature

Half Section <{—— | > Half Elevation
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/
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i Pier Cap [ ‘
i Hammerkopf [/ Column (see notes)
1 Z Stiitze (see notes)
: }’f ,‘;’J ,.r;I J ! :

AR B
| . \\ Pile Cap
Drilled (Bored) Piles i Pfahlkopfplatte
Bohrpfahle i i
Piers

Stutzen / Pfeiler
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13.02.2025

General Characteristics - Nomenclature

Half Section <{— |C—>

Expansion Joint

Half Elevation

Fahrbahnibergang i i ;
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Support and Articulation
Lagerung und Dilatation
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General Characteristics - Nomenclature

Half Section <{—— | > Half Elevation

Deck Slab Intermediate Diaphragm w/ Access Opening
End Diaphragm Fahrbahnplatte ! Zwischenguertrager mit Durchstiegsoffnung
w/ Access Opening : E ) :
Endquertrager mit i S — -] — | |
Durchstiegsoffnung S S W — v a— | w— | — :
s AN // ¥ //,/:II U UL
L\n. : "'/J/f Al NN | AN Ll ?’j' // A :: I.|
j— I AT 1 Eaza |
": L4 //,! ':AI '
: ’ 1 7% '.
S | Z ]
A ) 2 ) -\ Soffit
e f77/’ A 1 % i . ..... Untersicht
_____ /.-f'f’f.li',.a"' % _____Jl
Span | L i
Spannweite ™ "
Girder (Concrete Box Girder shown)
Brickentrager (Hohlkastentrager in Beton dargestellt)
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General Characteristics - Nomenclature

~~~~~~ Half Section <{—— | > Half Elevation

-
So

Fahrbahniibergan : .
,,,,,,,,, ba ergg S:lr;acmg Railing Barrier / Parapet:
Approach Slab | 9 e Gelander Leitschranke / Leitmauer
i Waterproofing | i
) Schleppplatte i Abdichtung i P ]
(Ubergangsplatte) ! : ] ,rff I 1] |
e /_z i o T
: A z s e B - : :l
N ff wﬂ"rL -,
i . % '
: | Bearings /
5 g 7
: ! s Z J:E
:-.____ /’/ f/ (/ /-";f.f'f.f :fé://:l ----- ]
i L i Bearings (and expansion joints)
: ; are often treated as “accessories’,
' ’ but this is inappropriate at least for
bearings = structural components
Accessories (see support and articulation)

Ausristung
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General Characteristics - Nomenclature

Half Section <{—— | > Half Elevation
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13.02.2025

General Characteristics - Nomenclature

Typical Girder Section

S ., S

L
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13.02.2025

General Characteristics - Nomenclature

Typical Girder Section

|
|
|
Deck (Top) Slab |
|
|
|

Fahrbahnplatte
Access Opening
- ; Durchstiegséffnung -
22222227, AN 777777777 220200

4%7///////// NI

7
%
2

r

7

7

\é\ieb %4/ Diaphragm
eg P77 gl 7 7T LT D2 Quertrager
Bottom Slab

Untere Kastenplatte Girder

Brickentrager
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General Characteristics - Nomenclature

Typical Girder Section

Noise Barrier
/ Larmschutzwand

|
|
|
|
Guard Rall |
|
|

Pedestrian : Kerb St
. L eitschranke erb stone
Railing ~ —R/ Randstein /
Gelander > Schrammbord )
_ i i . | i i . s
222,222 PP LZ L7777 777, z; gﬁm}\yh}

Fascia / Edge Beam
Kappe (D)

/

Sidewalk
Gehweg / Randbord
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General Characteristics - Nomenclature

Pedestrian Guard Raill om0
Railing Leitschranke
Gelander

Leitholm \

32 s st uannsnrasenazas
R T T

(Edge) Barrier Parapet Guard Rail Parapet Noise Barrier
(Rand-)Leitmauer Konsolkopf Leitschranke (einholmig) Konsolkopf Larmschutzwand

Bridge edges (CH)
Brickenrander (CH)
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General Characteristics - Nomenclature

Typical Girder Section

¢ Roadway
Fahrbahn

Profile Grade Line (PGL)

surfacing / Wearing Surface Strassenachse (Trassierung)

Belag / Deckbelag

Inlet (Scupper)

Einlaufschacht (ES)
EI_
= N
77

Cross Drain

Ablaufleitung
Sealing Membrane \ Longitudinal Drain
. | Abdichtung Sammelleitung
................... (Dichtungsbahn) Roadway
Fahrbahn
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High point
Detail

Hartsplitteinstreuul
Deckschicht MA
Binderschicht MA*
Schutzschicht MA

PBD Abdichtung
(MA-venréglich)

Epoxidharzversiegelung

ng

Leit
Konsolkopf

Fuge aus Polymerbitumen,
abgestreut, Fugenmulde
sandgestrahit (60mm: mit
Korngeriist)

Sealing Membrane
Abdichtung
(Dichtungsbahn)

13.02.2025

Low point

abgestreut, Fugenmulde
sandgestrahit (60mm: mit

Hartsplitteinstreuung Korngeriist)
Deckschicht MA

Binderschicht MA*
Schutzschicht MA

)
nicht absplitten (ca. 300mm) \ !

200mm
40-60mm

//////////W/// 2077 ///

77

max. 20mm

PBD Abdichtung
(MA-vertréglich)
i Ver i

3 Layers of Mastic Asphalt
3 Schichten Gussasphalt

Roadway
Fahrbahn
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nsolkopf
Fuge aus Polymerbitumen,

General Characteristics - Nomenclature

Inlet (scupper) Detail

Hartsplitteinstreuung
Deckschicht MA

Binderschicht MA*
Schutzschicht MA

Gefall

. T T “"% .
////////////é,f«//éw' -

— — —. — _

Epoxidharzversiegelung

PBD Abdichtung
(MA-vertraglich)
Einlauftasse,

Rand abgeschnitten
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General Characteristics - Nomenclature

Typical Girder Section

¢ Roadway

|
|
|
| Median Barrier
| (Mittel-)Leitmauer
|

— 2

ﬂ*ﬂ
N RS
N\

ﬂﬂ”////////// // Il//////f// ////////// J’ﬂﬁfﬁ:ﬁ’ AN
i y/a

<

'/ L

Roadway (With Median Barrier)
Fahrbahn (mit Mittelstreifen, Trennung durch Leitmauer)
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General Characteristics - Nomenclature

Typical Girder Section
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