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Conceptual Design

Design Criteria 1 Overview
Entwurfskriterien T Ubersicht
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Design Criteria 7 Overview

A Designing a bridge means developing its Structural Concept
(Tragwerkskonzept), based on the given boundary conditions

A According to SIA 260, the Structural Concept defines
- the chosen structural system

- the most important

¢ dimensions Structural

€ construction material properties Concept
€ constructional details
- the envisaged methods of construction (Tragwerks
konzept)

The choice of the structural system must not be seen as a task
limited to purely technical aspects (neither in bridges nor in
buildings).

In the following, the bridge-specific aspects of structural design
are dealt with.
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A Recommended reference: SIA 260 Basis of Structural Design

Design Criteria 7 Overview
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Design Criteria 7 Overview

A Designing a bridge means developing its Structural Concept,
based on the given boundary conditions

Structural
safety

A Designing a bridge is a multi-faceted task, where many Serviceability

different topics are to be mastered by structural engineers

Durability Aesthetics

Structural
concept

Construction

[-

Construction
heritage

Environmenta
sustainability
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Design Criteria 7 Overview

A Designing a bridge means developing its Structural Concept,
based on the given boundary conditions

A Designing a bridge is a multi-faceted task, where many
different topics are to be mastered by structural engineers
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Design Criteria 7 Overview

A Designing a bridge means developing its Structural Concept,

based on the given boundary conditions. [ Structural Vo
/ ‘v safety )

A Designing a bridge is a multi-faceted task, where many Economy ‘O SerV'Ceab"'ty |
different topics are to be mastered by structural engineers, as /
illustrated schematically in the figure by colour: ’/

€ ANAclassical o structur al engi/neeri g topics ‘
€ topics closely related to §t punsiltgypf al engl neer i Y Absthetics
¢ topics beyond classic educati on s Struetural a | ngineers
2 Concept ) S
. N
A Bridge designers therefore need to have broad interests, and
at least a sufficient knowledge in all relevant fields to be able | Societal
to communicate with experts. Construction impact J

QN

f Environmental Constructlon
(these design criteria are discussed in the following, except for sustainability heritage J
societal impact which is left out due to limited time). /
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Design Criteria 7 Overview

A Designing a bridge means developing its Structural Concept,
based on the given boundary conditions

Structural
safety

A Designing a bridge is a multi-faceted task, where many Serviceability

different topics are to be mastered by structural engineers

€ Aclassical 0o structural engj topi cs
€ top!cs closely reIaFed t o engi neerfiang. . ..
€ topics beyond classic educ s Strucgttiraf a ! engl neer

concept
A These criteria are not independent, and many of them are
conflicting, or even contradictory

- Rather than maximising individual criteria, an overall Construction

optimum solution is sought

[

Construction
heritage

Environmenta
sustainability
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Design Criteria 7 Overview

A Designing a bridge means developing its Structural Concept,
based on the given boundary conditions

Structural

engineer
Geotechnical

engineer

A Designing a bridge is a multi-faceted task, where many
different topics are to be mastered by structural engineers

¢ ficlassical o structural engi topics "éﬁdfi?]‘é”e(;s
€ topics closely related to al enginee ngq
& topics beyond classic educa s Btructural a 1 \Je i peer s

concept

Civil /
ransportation
engineer

A These criteria are not independent, and many of them are
conflicting, or even contradictory

Materials
expert

- Rather than maximising individual criteria, an overall
optimum solution is sought

Environmental
engineer

Architect

Landscap
architect

Urban planner

- Most bridges are designed today in interdisciplinary design
teams, covering the expertise relevant for a specific project,
led by a structural engineer competent in all relevant topics
(but supported by experts where required)
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Design Criteria 7 Overview

A The design criteria depend to some degree on the
specific project, in particular

Structural Safety D
€ the type and use of the bri
€ the |l ocation of the bridge Serviceability - .
€ the clientds preferences
e the designerodos preferences . . dicoce - s
A If the bridge site and use are given, and the client is Societal Impact [
known, there remains much less variation in the
design criteria Construction e
Durability B
Note: The graphs to the right on this slide and the following
are merely schematic Economy - s
Aesthetics B

H site-specific m use-/type-specific ® client-specific ® designer-specific
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Design Criteria 7 Overview

A Most design criteria are project-specific, depending on
€ the type and use of the bri
€ the |l ocation of the Dbri dge  Stuctural Safety
€ the clientds preferences
€ the designerds preferences Serviceability

A The project-specific design criteria should be agreed upon

| - - Eco-Friendli
by the owner/client and the design engineers: co-rriendliness

- general aims for the use of the bridge
- ambient conditions and third-party requirements

- operational and maintenance requirements Construction - s

Societal Impact

- special requirements of the owner

- objectives of protection and special risks Durability

In Switzerland, these criteria are documented in the Service
Criteria Agreement (Nutzungsvereinbarung), which is Economy
signed by owner and designer

Aesthetics
Note: The graphs to the right on this slide and the following

are merely schematic
H site-specific m use-/type-specific ® client-specific ® designer-specific
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Design Criteria 7 Overview

A Many design criteria are based on strict
requirements, such as guidelines imposed by the

client, design codes, or even legal constraints Structural Safety |
. L - Serviceability || G
A Some design criteria are less restrictive and
' Y I Vion r m f or
subject © ©a g roo 0 Eco-Friendliness I
A Many design criteria are subjective, and neither an Societal Impact I |
overall design goal nor the relative importance of the
individual criteria to achieve this goal can usually be Construction B
objectively quantified
- No single fAoptimumd solutio Durability R |
- Finding a good solution is demanding
. - - - Economy I
- Formalised decision making methods (weighted
scoring method / ANutzwert a _
limited use here, and may even be completely Aesthetics |

misleading
| strict requirement (client-specific guideline, design code, law)

m possible variation (freedom of designer)
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Conceptual Design

Design Criteria i Aesthetics
Entwurfskriterien i Gestaltung
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Design Criteria 1 Aesthetics

A Among all Design criteria, aesthetic quality is the most
difficult one to measure

A Aesthetic quality is inherently subjective (individual
perception, biasedby t he obs ecultwralr 6 s
background, education and personal preferences / taste)

A Aesthetic quality is hardly ever achieved by embellishment
or ornamentation of an otherwise unsatisfactory design

- Designing bridges of high aesthetic quality can hardly
be taught in lectures

- The course can merely

I n s i s highcelevanck e aesthetic quality and
emphasise the responsibility of structural engineers
for the built environment
é foster the awareness for aesthetics (open the eyes)

é
é

- Aesthetics
throughout the lecture (here, only some basic aspects
are discussed)
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Design Criteria 1 Aesthetics

A Bridges are prominent elements of public infrastructure
A Bridges are designed for a long lifespan (centuries)
A Bridges have a high impact on the quality of the built environment

A Bridges are perceived by many people, whether the designer cares about
aesthetic quality or not

- The aesthetic quality of bridges is highly relevant
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Design Criteria 1 Aesthetics

A Bridge designers are responsible for the aesthetic quality of their bridges,
as much as for structural safety and serviceability

A Bridges often have the potential to greatly increase the quality of exterior
spaces if the opportunities are seized

- Responsible bridge designers care about the quality of the built
environment
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Design Criteria 1 Aesthetics

Even though aesthetic quality is inherently subjective, there are some
generally accepted principles to achieve an aesthetically satisfactory design:

A Eduardo Torrojap o st ul albgcadffanme (fiRaz-n y ser d
estructuraleso), which i s clfosfelbws r el
function dating back to 1896

A David Billington suggested that an efficient bridge is not only economical,
but al so el eg a ndfficientyii scormmyii elegansed s 0

A Juan José Arenas insisted in the importance of ethics, rather than economy
(which is related, see next slide)

A Fritz Leonhardt established an entire set of aesthetic design principles

A Many authors postulated similar principles (e.g. A.C. Liebenberg, Ch. Menn,
M. Virlogeux, €é), whose common denominator

- I ntegration (in | andscape, urban co
- Logic of form
- Elegance (form, proportion, order, é )
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Design Criteria 1 Aesthetics

aesthetic Plateau of high aesthetic
. : : ualit ' '
A High aesthetic quality usually causes some extra cost : N Y qui“tyat“meexnaf ot

perception varies
depending on socio-
cultural background

A This extra cost may be high if an aesthetically bad ]
design is fAembellishedd or| fAornament,
disproportionate if an arbitrarily extravagant design is -7
Afengineeredo a posteriori,|Fef--unne4g ' g spans
and/or complicated typologies are used for the sake of 5 :
breaking world records

Aesthetic quality often remains unsatisfactory in such —/
cases, particularly if the form lacks logic i and Desert of
. : : : : banality and
designing such bridges is ethically questionable, at S
) ) _ dull replication :
least if the bridges are paid for by taxpayers cost :

A formal design
: possi bl edo by

A

possible design (same
abscissa for green and
orange graph)

A On the contrary, high aesthetic quality is achieved at

very little extra cost by a holistic design approach: : holistic design

approach

i Abyss of arbitrary

: extravagance
and/or

Y ornamentation and

embellishment

- consider aesthetics integrally in the design
process, together with technical criteria

- In particular, account for the construction process
when designing long-span bridges
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Design Criteria 1 Aesthetics

aesthetic high cost for little (if any)
: : : alit aesthetic improvement
A High aesthetic quality usually causes some extra cost quA vy proveme -

A This extra cost may be high if an aesthetically bad
design is Aembell i shed?o
disproportionate if an arbitrarily extravagant design is
ARengi neeredo a posteriori,
and/or complicated typologies are used for the sake of
breaking world records

or

Aesthetic quality often remains unsatisfactory in such
cases, particularly if the form lacks logic T and
designing such bridges is ethically questionable, at
least if the bridges are paid for by taxpayers

A On the contrary, high aesthetic quality is achieved at
very little extra cost by a holistic design approach:

- consider aesthetics integrally in the design
process, together with technical criteria

- In particular, account for the construction process
when designing long-span bridges
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Design Criteria 1 Aesthetics




Design Criteria 1 Aesthetics
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Design Criteria 1 Aesthetics
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Design Criteria 1 Aesthetics




Design Criteria 1T Aesthetics
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Conceptual Design

Design Criteria i Construction heritage
Entwurfskriterien 1 Konstruktionserbe / Denkmalpflege
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A Another design criterion which is difficult to quantify is
construction heritage. All bridges become part of it once
built. However, only few will ever be worthy of protection.

A The design criterion construction heritage thus refers to
situations where:

an existing bridge worthy of protection needs to be
replaced or adapted, e.g. due to a required widening

a new bridge is built near a protected monument

A Typically, governmental commissions for monument
preservation decide if a bridge is worthy of protection

A Even if a historic bridge is not protected, preserving it
entirely or partly should be considered as an option in
developing the structural concepit.

17.02.2026

due to their visible value and character as monument

as milestones of technological development (e.g. first
prestressed bridges). This intangible construction Construction
heritage is not (yet) protected in CH

A Any interventions affecting protected bridges need to be
coordinated with the responsible bodies.

Design Criteria T Construction heritage

Durability

Str
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Design Criteria T Construction heritage

A While interventions affecting construction heritage are
highly site-specific and need to be coordinated with the
responsible bodies, the following guidelines apply:

- preserve protected bridges e.g. by considering
€ alternative locations for a new bridge

e alternative uses of the protected bridge (e.g. use
as footbridge with reduced traffic loads)

- minimise interventions in protected bridges, preserving
as much as possible of the original structure

- do not mimic historic construction when replacing or
complementing a protected bridge (reconstructions
may be viable in exceptional cases, see next slide)

- minimise impact of new structure on protected one
(avoid spectacular designs, see next slide)

- develop a structural concept respecting and, if
possible, reflecting the construction heritage (e.g. by
adopting the span layout, see photo on this slide or
referencing the protected structure 1 including
intangible values T in modern design, see next slide)
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Design Criteria T Construction heritage
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Conceptual Design

Design Criteria i Structural Safety and Serviceability
Entwurfskriterien i Tragsicherheit und Gebrauchstauglichkeit
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Design Criteria 1 Structural Safety and Serviceability

A Structural safety and serviceability have many points In
common (loads, limit state design, etc.)
- treated in same chapter of this the lecture

A The objectives of structural safety and serviceability are
of paramount importance
- specified in detail in design codes

A The project-specific service criteria should be agreed
upon by the owner/client and the design engineers
(- Service Criteria Agreement / Nutzungsvereinbarung,
see overview)

A The basic structural concept, i.e. the
€ structural system

€ relevant dimensions, material properties and details
é methods of construction

Is developed based on these service criteria

Structural

safety /

T —

s

Durability

Construction

[

Environmenta
sustainability
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Design Criteria 1 Structural Safety and Serviceability

A Depending on the concept chosen, specific requirements Sth?tU“’ﬂ
for the detailed design (dimensioning), execution, use safety /
and preservation are obtained: | — Serviceability
- hazard scenarios (Gefahrdungsbilder) considered /
- requirements of structural safety, serviceability and
durability and measures needed to guarantee them \ /
- ground conditions Durability Aesthetics
- important assumptions in the structural models Structural
- accepted risks concept

- other conditions relevant to the design

In Switzerland, these requirements are documented in
the Basis of Design (Projektbasis), which is usually
updated during the detailed design

Construction

-

Construction
heritage

Environmenta
sustainability
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Conceptual Design

Design Criteria i Structural Safety and Serviceability
Limit State Design
Bemessung nach Grenzzustanden
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Design Criteria 1 Structural Safety and Serviceabllity: Limit State Design

A Most modern design codes follow the Limit States
approach, aka Load and Resistance Factor Design
(LRFD)

A This approach is illustrated on the right for structural
safety( of ten referred to as
but also applicable to serviceability design (serviceability
| i mit state = fASLSO)

A Some codes still allow the use of Allowable Stress
Design

A Students are assumed to be familiar with the concept of
LRFD and its application to
€ the design of the basic construction materials
(concrete, steel, timber)
é and their interaction with soil
(foundations, retaining structures)

A Thus, the lecture focuses on bridge-specific aspects of
the design process

ultimate resistance (Tragwiderstand)
effects of actions (Auswirkungen)

ul

A

| | Rharhctvalle 6f M t s st at e

ultimate resistance
Rk

resistance factors g, =
_ On'Gr
conversion factors h

load factors g-= g-gs f
representative value

of action effects
Ek

= AULSO),

dimensioning value
of ultimate
resistance

Ri= "Rl
)

dimensioning value
of action effects

= B
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Design Criteria 1 Structural Safety and Serviceability:

Bridge Design Codes/Standards used around the world
include publications by:

Europe

A SIA (Swiss Society of Engineers and Architects)

A EN (European Standards)

A SETRA (service do®tudes te
autoroutes)

North America
A AASHTO (American Association of State Highway

AAEH'D

and Transportation Officials) ASliS e
Bridge Design

A AREMA (American Railway Engineering and Specifications
Maintenance-of-Way Association) g

A CSA (Canadian Standards Association)

Asia e “"“f:““‘,v
A China National Standards (GB) /
A Japanese Association of Highways

Limit State Design

CSA

@
3 Grou
= o

Canadian Highway Bridge
Desi
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Design Criteria 1 Structural Safety and Serviceabllity: Limit State Design

SIA 260 defines the following Limit States:

UltimateL1 mi t St ates AULSO
A Concern safety of structure and persons
A Involve:

Y Overall stability of structure

Y Ultimate resistance of structure or one of its
structural members (incl. supports & foundations)

Y Fatigue resistance of structure or one of its
structural members

A Consider:
Y Permanent actions
Y Variable actions
Y Accidental actions

Always consider: construction phases, operation phase,
future maintenance needs
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Design Criteria 1 Structural Safety and Serviceabillity: Limit State Design

SIA 260 defines the following Limit States:

ServiceabiltyLi mi t St ates ASLSO

A Concern functionality & appearance of structure, user
comfort

A Criteria applied to:

Y Deformations (functionality, appearance,
deterioration)

Vibrations (functionality, comfort)
Defective sealing (functionality, durability)

Y Cracking/Connection slipping (appearance,
durability)

Y Effects on stream flow (environmental impacts)

Mg -;‘a‘imulw-immmmlm‘l‘g‘vﬂmmﬁ‘l : l
B (e
o - Caadk i EANR | > -
TS LRE .
4 g
\

< <
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Conceptual Design

Design Criteria i Structural Safety and Serviceability
Actions
Einwirkungen
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Design Criteria 1 Structural Safety and Serviceability: Actions

Depending on the project, the following types of actions
have to be considered:

Permanent Actions
A Dead loads: self-weight of the structure (Eigenlast)

A Superimposed dead loads: self-weight of non-
structural components (Auflast)
(attachments, utilities)

Creep and Shrinkage
Prestress forces including secondary effects

Locked-in forces resulting from the construction
process

To T Ix

Actions imposed by the ground (permanent or transient)
A Earth pressures, downdrag forces

A Soil surcharge

A Water pressure

A Stream flow pressure (see notes)

Variable Actions
A Live Loads (Nutzlasten) i including:

A Vertical vehicular live load
(incl. dynamic allowance)

A Horizontal vehicular live load
(braking, centrifugal and nosing = Schlingerkraft)

A Vertical and horizontal pedestrian live load
A Friction loads at sliding surfaces (e.g. bearings)
A Wind Loads i on structure and on live load
A Temperature effects i uniform and gradient
A Snow load (see notes)

Accidental (Extreme) loads

Seismic (earthquake) loads

Ship impact / Vehicular collision / Train derailment
Avalanche load

Ice load

Blast loading

To To o Do I
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads

A The following slides illustrate the traffic load models and
provisions of SIA 261 (which is similar to EN1991-2, see
notes). Other codes have similar provisions.

A The live loads are introduced following the categories of
SIA 261, i.e.

A non-motorised traffic (- footbridges, sidewalks)
A road traffic (- road bridges)
A rail traffic (- railway bridges)

A Project-specific criteria may need to be developed for
live loads not explicitly covered, such as:

A special vehicles, military loads, tramway loads
A Dbridges with combined road and rail traffic
A bridges with spans longer than 200 m

Except for permanent actions, the loads
acting on a bridge are subject to
considerable uncertainty.

Design codes therefore do not account
for the actual loads (e.g. wheel loads of
a specific truck).

Instead, the real loads are accounted for
using idealised load models , which aim
at representing the governing loads in
terms of magnitude and positioning.

An exceptionareso-c al | ed #fAr aj

countingo anal yses,
verifications of existing railway bridges.
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads 7 Non-motorised traffic
A Covered in SIA 261, Chapter 9
A Structures covered include:
1. Pedestrian and cycle path bridges
Bridges at train stations across rail lines

Piers
Walkways on road bridges

a k~ 0D

Service gangways
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads T Non-motorised traffic

A Two, independent, non-simultaneously acting Maximum
load models are considered Credible Loading

A Load Model 1 (crowd of people)
A Uniformly distributed load g, = 4.0 kN/m?
A Placed in most unfavourable position

A Load Model 2 (lightweight maintenance vehicle)
A Concentrated load Q, = 10 kN

A Acting in most unfavourable position, on — L s =
quadratic / circular bearing area: 2.4 kN/m? 4.8 KN/m? 7.2 KN/m?

(50 psf) (100 psf) (150 psf)
‘>.<' 10 cm /./ 11 cm

A Horizontal Load for footbridges:

A Acts in longitudinal axis of bridge at surfacing
level (together with vertical live load)

A Max. { 10% xq, or 60% Q, }
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads T Road traffic

A Covered in SIA 261, Chapter 10
Only normal use by road traffic is covered
Special vehicles not covered

For L > 200 m, special investigations may be
warranted

To o o

o

Traffic loads typically idealised as:

1. Concentrated axle loads representing heavy
vehicles (trucks / lorries)

2. Uniformly distributed loads representing heavy
traffic (trucks) on one lane and light vehicles
(cars) and the remaining lanes

Yy V. V. VvV VvV V.V Vv U A 4 Vl}" Yy V. V. V. V. V.V v v
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads T Road traffic
Division of roadway: h

1. Define roadway width, b i >
2. Divide the roadway width into notional » b, e b, i by o
(fictitious) lanes according to table
3. Locate & number the notional lanes: . | @ @ @
A Depends on type of verification |

PO By
\ \

B

A Maximise effects of loading

A Mo st unf avourable effect Y
Number 1, second most unfavourable

effect Y Lane Number 2, etc.
Roadway width Number of Width of a Width of the
b notional lanes notional lane b, remaining area
b<54m n=1 3m b1 3m
Note: Influence lines help identifying the 5. 4 bx6® n =2 b/2 0

governing load positions .
6 mb O n =Int[b/ (3 m)] 3m b1 (3m)xn,
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads i Road traffic
Division of roadway 1 Special Cases:

Separated roadways on common < g - -
superstructure:

A If separation is permanent, each part of the
roadway may be considered separately (for
division into notional lanes), but numbering
of notional lanes is continuous, i.e. there is
only one Lane Number 1

A However, to account for future
modifications, it is common to ignore the
median barrier when defining notional lanes
Y conservative
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Notional lanes for superstructure design:
Live Loads T Road traffic b b

- - - - < > »
Division of roadway 7 Special Cases:

Separated roadways on independent
superstructures:

A Each superstructure is considered
separately, i.e. lane numbering is not
continuous (two lanes Number 1).

A If substructure is common for both Notional lanes for substructure design:
superstructures, numbering of notional - b ~ 5 b _
lanes is continuous, i.e. there is only
one Lane Number 1 for the design of
the substructure elements.

common substructure
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

. ) . a5;Qx a5,Qy
Live Loads i Road traffic (1) A(>1) ol o ki 0.40

R IR 1

Application of Traffic Loads:

A a factors:

= Qg1 0.40 t [ ] e
Load Model 1 (LM1): a/Qlel remaining areas variable . 80Qy,
% ) C—=—= 200
A Axl e Loads (dt anglemn anIeS(‘)) - . T/’ 2
«—]a1 Qg | Tt notional lane 1 ---------- 3.00
Lane 1: Q,; = 300 kN m m # [ ] L e
Lane 2: Q,, = 200 kN m = | $0.50
anka b e notional lane 2 ---+------- 3.00 ¢ . . _ 4
A Uniformly distributed load p— R #
Lane 1: g,; = 9.0 kN/m?2 202k 4C§LQ"2 2.00
Elsewhere: Gy = 2.5 kN/m?2 - notional lane 3 -----=--+ 3.00 2
(including remaining areas) N ] e
remaining areas variable
N\ 4 i

Account for composition & density Aq(i>1) Ak (i>1)

of traffic . ] : o
(generic case shown; usually load arrangements with [Dimensions in m]

Normally: ag =a,=0.9 Notional Lane 1 at the edge of the roadway govern)
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads T Road traffic
OHor i z ont(enlyincombimatoe with LM1):

Acceleration (QA) and braking (QB) forces: Centrifugal (QZ) and transverse forces:

A

A

17.02.2026 ETH Zurich | Chair of Concrete Structures and Bridge Design | Bridge Design Lectures

Model |l ed by O6horizontal 6 f &rQeeesllyafsdcondagy impdrtantelineroad ridgesh t

of the roadway surface ] _ _
Y A Centrifugal forces assumed to act in a radial

Correspond to the vertical loads of LM1 on Lane 1: direction at the height of the roadway surface:
QA= QBy : 1.28G1 Qa +0.1ag G by L Radius of curvature r QZ,
QAk_QB"C_) 900 kN . r<200m 0.2 Q,
where L = distance between expansion joints 200 MO A500 m QUOm/n)

Act in the axis of Lane 1 r> 1500 m 0

(For simplicity the line of action may be taken as the

axis of the roadway, unless the eccentricity has a where Q, = x ag; (2Qy;) [from LM1]
significant influence on the internal forces of the

A With the braking force QB, acting in the longitudinal
direction, a simultaneous transverse force of
0.25QB, shall be assumed.

structure)
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads T Road traffic
Fatigue:

A Structural members subjected to load cycles shall be
investigated for fatigue effects.

A Number of load cycles depends on:
A Service (working) life of bridge

Typically 70ée75 years for
is carried out for infinite fatigue life = Dauerfestigkeit)

A Volume of traffic
Indicative values below:

Number of vehicles

Road
cateqor Example over 3.5t per year
gory and direction of traffic
1 national highways 2 000 000
2 main roads 500 000
3 collecting roads 125 000
4 access roads 50 000

A

A

"

Only axle loads of Load Model 1, acting on
notional Lane 1 shall be considered

Transverse placement of the axle loads
corresponds to the effective (driving) lane, not

notjonal lanes. :
w b_rl_d?es (often, desi
Longitudinally, axle loads are arranged in the most

unfavourable positions to determine the maximum
and minimum stresses for the considered member
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads i Rail traffic
A Covered in SIA 261, Chapter 11 (and 12 for narrow gauge)

A Focus on Normal Gauge (1435 mm)rail, desi gn speed
(high speed and narrow gauge rail loads are similar in principle)

A Design based on planned number and position of tracks "r- u

A Account for:
A Track deviations from planned position
A Uneven distribution of axle loads on rails

A Service criteria agreement and basis of design shall specify (where
applicable):

A Alternative track positions (e.g. in railway station underpasses,
consider tracks in any transverse position)

A Loads models for trains not covered by code
A Need for load tests
A Load models and aerodynamic forces for V > 200 km/h
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Design Criteria

Live Loads 1 Rall traffic
Load Models (static effect)
A LM17 normal rail traffic

A LM2 i normal rail traffic on continuous girders
(to be applied only once per track)

A LM3i heavy rail traffic
(to be applied only once per structure, and only where
applicable, to be decided by supervisory authority)

L2l QKN gy kN/m]
1 250 80
2 - 133
3 - 150

17.02.2026

Structural Safety and Serviceability: Actions

Qv Qr Qx Q
LM1 : i*i**iﬂ ﬂ ﬂ ﬂ¢¢¢¢¢¢
Q Q ®Q Q Q
Q N N UN Q
P Ok
LM2 : vV V VYV VYV vV vV Y9 vV V vy Y v %vVY
15.00 5.30 15.00
P Oy
LMS: vV V V V vV VY vy vYYyY v V V V V V V vV vV Vv ¢©
25.00 7.00 25.00
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

A Live Loads i Rail traffic:

Acceleration (QA) and braking (QB) forces: Nosing force (Schlingerkraft QS):
A Model l ed by o6horizontal & f orA Acsourdsdor effecgof latemal impacts caused sy nasihg t h
track at the top of the rails of the vehicle
A Assumed uniformly distributed over length | [m] on A Modell ed by o6horizontal é co
which vertical rail traffic loads act: the most unfavourable position, at the top of the rails,
perpendicular to the axis of the track:
Load
Model QAN QB [kN] A QS, =100 kN
1 3310 1002010 6000
2 3310 1000 201
3 3310 1000 351

A For special construction (sliding platforms, moveable
bridges) values shall be increased by 25%

A For structures with | > 300 m, QA, & QB, shall be
specified through consultation with the supervisory
authority
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

A Live Loads i Rail traffic:
Centrifugal forces (QZ, q2):
A Considered in the case of curved track sections

A Assumed to act in a radial direction, 1.8 m above the
top of the rails

A Characteristic values are a function of the vertical rail
traffic loads (for all load models):

QZ, =ﬂ qZ, :hV—qu

rg rg
where:
A g = acceleration of gravity (9.81 m/s2)
A r = radius of curvature (m)
A v = design speed (m/s)
A h = reduction factor if v > 120 km/h

A Design speed specified by supervisory authority
A ForLM3,vO 80 km/ h ( = 22.
A For v > 120 km/h, check for:

2

m/

A Full loads LM1 or LM2 with QZ & gZ for v = 120 km/h

A LM1 or LM2 multiplied by h together with corresp.

QZ & gZ forces for specified v > 120 km/h

1.0

v =120 km/h
0.9

v =140 km/h

0.8
reduction v =160 km/h
factor h 0.7
v = 180 km/h
0.6 v =200 km/h
L
0 50 100 150

length of loaded curved track [m]
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17.02.2026

Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads 1 Rall traffic
Dynamic Factor

Accounts for track/vehicle imperfections

1.44

F =———
JIs - 0.2

where |- (m), the decisive length (table 15 of SIA 261)

9.82 1 PO 1.67

For arch and concrete bridges with cover > 1 m, F can
be reduced:
F ph-1

10

red

where h (m), denotes the cover including the ballast.

For piers with a slenderness ratio < 30, abutments,
foundations, retaining walls and ground pressures:

F=1

Case‘

Structural member

Decisive length /,,

Longitudinal direction

simply supported beams and single span slabs

span in principal structural direction

2 | continuous girders and slabs over n spans lo= 21 kin (k=1+0.1n<1.5)
3 | arch girders, stiffened girders of bowstring half span
4 | single span frames lo=13(0 + 1 +1,)/3
5 | multiple-span frames as in case 2, lengths of end legs as extra spans
Transverse direction
Steel deck with longitudinal and transverse
ribs (orthotropic plates with ballast bed)
6 | deck in both directions three times cross girder spacing
7 | longitudinal ribs with cantilevers up to 0.5 m three times cross girder spacing
8 | cross girders twice length of cross girder
Steel deck without longitudinal ribs
(orthotropic plates with ballast bed)
9 | deck in both directions twice cross girder spacing plus 3 m
10 | cross girders twice cross girder spacing plus 3 m
Concrete deck
(with ballast bed)
11 | deck as part of box girder three times spacing between webs
12 | cantilever part of the deck three times spacing between webs
13 | trough bridge with deck spanning in twice span of deck plus 3 m
transverse direction
14 | trough bridge with deck spanning in twice span of deck or span of longitudinal
longitudinal direction girder (the smaller value applies)
Vertical direction
15 | suspension bars of deck-stiffened arches four times longitudinal spacing of suspension
bars
16 | columns, bearings, tension anchors, joints analogous to Cases 1to 5

ETH Zurich | Chair of Concrete Structures and Bridge Design | Bridge Design Lectures
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads i Rail traffic A Live Loads i Rail traffic
Factor for the classification of standard load models Groups of actions
Accounts for composition of rail traffic All actions shall be considered in groups as follows:
Normal case a = 1.33 A For bridges with 2 tracks, consider:
Existing bridges a = 1.00 A LM1 or LM2 on both tracks
A LM1 on one track & LM2 on the other track
Applies to: A LM3 on one track & LM1/LM2 on the other track
A LM1 & LM2 loads
A Acceleration forces A For bridges with O 3 tracl
A Braking forces specified in consultation with the supervisory
: authority.
A Centrifugal forces
A Nosing forces _
] ] A Consider most unfavourable effect of:
A Earth pressures due to rail traffic

A 100% (QA or QB) + 50% (QS, QZ, qZ)
A 50% (QA or QB) + 100% (QS, QZ, qZ)
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads T Rail traffic

Load eccentricity

The following accidental eccentricities shall be
considered:

A For bridges with ballast, consider deviation of track 1 OB
axis from planned position of N 100 mm. QA Q

A For LM1 & LM2, consider eccentricity of axle load of
1/18 of track width (80 mm) to account for non-
uniform loading of rail vehicles.

R R

A Consider eccentricities due to track cant according S ota e SRy o Tl
to the following sketch: ///////?/)/}/;////;//W/////;/;///?//////,

Point of application and actions

hQZ= 1.8 m

top of rails
'{ (TOR/SOK)

Top of rails (TOR) = Schienenoberkante (SOK)
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads T Rail traffic

Load distribution Q %
May be considered according to the following i
sketches: N2 & J embedment

Grooved rail embedded in concrete

Qxk
| a a [
| |
In I I In Qk Qk
o, To, To, |
4 2 4 b
_ . CCIITIITIIIIINCTTIITIIEIICE P
a = distance between rail support - = X o
points <« > o 8
AAJ A JlTJl AA
Rail supported on sleepers Qx o

Sleepers supported on ballast bed
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

Live Loads 1 Rall traffic
Fatigue

A Structural members of railway bridges subjected to
alternating loads shall be investigated for fatigue

A Number of loaded cycles depends on:
A Service (working) life of bridge

Typically 100 years for new bridges (often, design is
carried out for infinite fatigue life = Dauerfestigkeit)

A Traffic volume
Indicative values below:

Traffic Number of Annual tonnage
trains per day

composition and per track per track
regional traffic O 120 O 25000
standard traffic O 120 O 25000
heavy traffic
with 25 t axle > 120 > 25 000 000
loads

A Fatigue load model

A

To To I

T

LM1 shall be used
Q, & g, values multiplied with F and a factors
QZ & gZ shall be considered witha =1

For > 3 tracks, fatigue LM shall be applied to 2
tracks max.

In special cases, fatigue may be verified using
special load models subject to the approval of the
supervisory authority.
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Design Criteria 1 Structural Safety and Serviceability: Actions

Live Loads i Combined Road & Rail traffic
A Bridges simultaneously subjected to road and rail traffic
loads shall be dimensioned for the more unfavourable of
the following situations:
A whole traffic surface subjected to road vehicle loading

A rail traffic loads on track areas, road vehicle loading
on remaining traffic areas

A For longer spans / major links, it is common to use
double deck solutions to separate road from rail traffic

- full combination possible
- load combinations to be agreed with owner

(service criteria agreement)

17.02.2026 ETH Zurich | Chair of Concrete Structures and Bridge Design | Bridge Design Lectures



Design Criteria 1 Structural Safety and Serviceabillity: Actions

A Wind Loads:
A Covered in SIA 261, Chapter 6. These provisions

é apply to bridges with negligible dynamic response,
l.e. generally road and rail bridges of spans up to
40 m (see also notes).

€ can be adapted to cover longer span and cable-
supported bridges with input from wind specialists

A Wind tunnel tests are typically required for long span
bridges

A Wind forces are generally assumed to act normal to
the surface under consideration

A Effects to be considered:
€ increase of exposed area due to simultaneous
actions such as traffic load, snow or ice accretion
€ interaction with adjacent structures
é influence of wind-induced vibrations on fatigue life

MNP e e e wwam (s SR

; mama T

Wind tunnel testing on a new cable-stayed
bridge; the presence of an existing truss
bridge is accounted for, in order to capture
potential interaction between the bridges.
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Design Criteria 1 Structural Safety and Serviceabillity: Actions

A Wind Loads: height terrain roughness Wind velocity profile

A Dynamic Pressure, g, \1 / 2

169az o 0375 L
— . C, —
q qu CQ " ? Q t

g

T \ z [m]

reference value i taken from map: gradient height

(General: 0.9é¢1.3 kPa / Alps: 1.1eé3.3 kPa)

Ch
Terrain Examples z, [m] a
category 9 '
Il lakeside 300 0.16
lla large plain 380 0.19
[l villages, free field 450 0.23
\Y large urban area 526 0.30
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