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This document (EN 1991-2:2003) has been prepared by Technical COlnmittee CEN/TC 
250 "Structural Eurocodes", the secretariat of which is held by BSI. 

This European Standard shall be given the status of a national standard, either by 
publication of an identical text or by endorsement, at the latest by March 2004, and 
conflicting national standards shall be withdrawn at the latest by March 2010 @iI. 

This document supersedes ENV 1991-3:1995. 

CEN/TC 250 is responsible for all Structural Eurocodes. 

m:i) According to the CEN/CENELEC Internal Regulations, the national standards 
organizations of the following countries are bound to implement this European Standard: 
Austria, Belgiuln, Bulgaria, Croatia, Cyprus, Czech Republic, Denn1ark, Estonia, 
Finland, France, Gennany, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Ron1ania, Slovakia, 
Slovenia, Spain, Sweden, Switzerland and the United Kingdom. @iI 

Background of the Eurocode Programme 

In 1975, the Comnlission of the European Community decided on an action programme 
in the field of construction, based on article 95 of the Treaty. The objective of the 
programme was the elimination of technical obstacles to trade and the harmonisation of 
technical specifications. 

Within this action programme, the Commission took the initiative to establish a set of 
hannonised technical rules for the design of construction works which, in a first stage, 
would serve as an alternative to the national rules in force in the Member States and, 
ultimately, would replace them. 

For years, the Commission, with the help of a Steering Committee with 
Representatives of Member States, conducted the development of the Eurocodes 
programme, which led to the first generation of European codes in the 1980s. 

In 1989, the Con11nission and the Member States of the EU and EFT A decided, on the 
basis of an agreement l between the Commission and CEN, to transfer the preparation 
and the publication of the Eurocodes to CEN through a series of Mandates, in order to 
provide them with a future status of European Standard (EN). This links de facto the 
Eurocodes with the provisions of all the Council's Directives and/or Conlmission's 
Decisions dealing with European standards (e.g. the Council Directive 891106/EEC on 
construction products - CPD - and Council Directives 93/371EEC, 92/50/EEC and 
89/440/EEC on public works and services and equivalent EFTA Directives initiated in 
pursuit of setting up the internal market). 

I Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN) 
concerning the work on EUROCODES for the design of building and civil engineering works (BCICEN/03/89). 
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The Structural Eurocode programme comprises the following standards generally 
consisting of a number of Parts: 

EN 1990 
EN 1991 
EN 1992 
EN 1993 
EN 1994 
EN 1995 
EN 1996 
EN 1997 
EN 1998 
EN 1999 

Eurocode: 
Eurocode 1: 
Eurocode 2: 
Eurocode 3: 
Eurocode 4: 
Eurocode 5: 
Eurocode 6: 
Eurocode 7: 
Eurocode 8: 
Eurocode 9: 

Basis of Structural Design 
Actions on structures 
Design of concrete structures 
Design of steel stnlctures 
Design of composite steel and concrete structures 
Design of tinlber structures 
Design of masonry structures 
Geotechnical design 
Design of structures for earthquake resistance 
Design of aluminium structures 

Eurocode standards recognise the responsibility of regulatory authorities in each 
Member State and have safeguarded their right to determine values related to regulatory 
safety matters at national level where these continue to vary from State to State. 

Status and field of application of Eurocodes 

The MeJuber States of the ED and EFTA recognise that Eurocodes serve as reference 
documents for the following purposes: 

as a Ineans to prove compliance of building and civil engineering works with the 
essential requirelllents of Council Directive 891l06/EEC, particularly Essential 
Requirenlent N° 1 -Mechanical resistance and stability and Essential Requirement 
N°2 - Safety in case of fire; 

as a basis for specifying contracts for construction works and related engineering 
services; 

as a framework for drawing up harmonised technical specifications for construction 
products (ENs and ETAs) 

The Eurocodes, as far as they concern the construction works themselves, have a direct 
relationship with the Interpretative Documents2 referred to in Article 12 of the CPD, 
although they are of a different nature from harmonised product standards3. Therefore, 
technical aspects arising from the Eurocodes work need to be adequately considered by 
CEN Technical COlnmittees and/or EOT A Working Groups working on product 
standards with a view to achieving a full compatibility of these technical specifications 
with the Eurocodes. 

2 According to Alt. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative documents for 
the creation of the necessary links bel\veen the essential requirements and the mandates for harmonised ENs and ETAGs/ET As. 

3 According to Art. 12 of the CPO the interpretative documents shall : 
a) give concrete form to the essential requirements by harmonising the terminology and the technical bases and indicating classes 

or levels for each requirement where necessary; 
b) indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of 

calculation and of proof, technical rules for project design, etc. ; 
c) serve as a reference for the establishment of harmonised standards and guidelines for European technical approvals. 
The Eurocodes. de faCiO, playa similar role in the field of the ER I and a part of ER 2. 
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The Eurocode standards provide comillon structural design rules for everyday use for 
the design of whole structures and component products of both a traditional and an 
innovative nature. Unusual forms of construction or design conditions are not 
specifically covered and additional expert consideration will be required by the designer 
in such cases. 

National Standards inlplementing Eurocodes 

The National Standards impletnenting Eurocodes win comprise the fun text of the 
Eurocode (including any annexes), as published by CEN, which may be preceded by a 
National title and National foreword, and l11ay be fonowed by a National Annex. 

The National Annex luay only contain information on those parameters which are left 
open in the Eurocode for national choice, known as Nationally Determined Parameters, 
to be used for the design of buildings and civil engineering works to be constructed in 
the country concerned, i.e. : 

values and/or classes where alternatives are given in the Eurocode, 
- values to be used where a sylubol only is given in the Eurocode, 
- country specific data (geographical, climatic, etc.), e.g. snow luap, 

procedure to be used where alternative procedures are given in the Eurocode. 
It may also contain 
- decisions on the application of informative annexes, 

references to non-contradictory complementary information to assist the user to 
apply the Eurocode. 

Links between Eurocodes and harmonised technical specifications (ENs and ETAs) 
for products 

There is a need for consistency between the harmonised technical specifications for 
construction products and the technical rules for works4. Furthernl0re, all the 
information acco111panying the CE Marking of the construction products which to 
Eurocodes should clearly mention which Nationally Determined ParaIl1eters have been 
taken into account. 

Additional information specific to EN 1991-2 

EN 1991-2 defines models of traffic loads for the design of road bridges, footbridges 
and railway bridges. For the design of new bridges, EN 1991-2 is intended to be used, 
for direct application, together with Eurocodes EN 1990 to 1999. 

The bases for combinations of traffic loads with non-traffic loads are given in EN 1990, 
A2. 

4 ArL3.3 and ArLI2 of the CPO, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 of JD 1 (Interpretative Document Nr. I). 
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COluplementary rules may be specified for individual projects: 
when traffic loads need to be considered which are not defined in this Part of 
Eurocode 1 (e.g. site loads~ military loads, tramway loads) ; 
for bridges intended for both road and rail traffic ; 
for actions to be considered in accidental design situations; 
for I1lasonry arch bridges. 

For road bridges~ Load Models 1 and 2, defined in 4.3.2 and 4.3.3, and taken into 
account with adjustnlent factors a and f3 equal to 1, are deemed to represent the nlost 

severe traffic met or expected in practice, other than that of special vehicles requiring 
pennits to travel, on the main routes of European countries. The traffic on other routes 
in these countries and in some other countries lllay be substantially lighter, or better 
controlled. However it should be noted that a great nunlber of existing bridges do not 
meet the requirements of this EN 1991 and the associated Structural Eurocodes 
1992 to EN 1999. 

It is therefore recolnmended to the national authorities that values of the adjustment 
factors a and f3 be chosen for road bridge design corresponding possibly to several 

classes of routes on which the bridges are located, but remain as few and simple as 
possible, based on consideration of the national traffic regulations and the efficiency of 
the associated control. 

For railway bridges, Load Model 71 (together with Load Model SW/O for continuous 
bridges), defined in 6.3.2, represent the static effect of standard rail traffic operating 
over the standard-gauge or wide-gauge European mainline-network. Load Model SW 12, 
defined in 6.3.3, represents the static effect of heavy rail traffic. The lines, or sections of 
lines~ over which such loads shall be taken into account are defined in the National 
Annex (see below) or for the individual project. 

Provision is made for varying the specified loading to cater for variations in the type, 
volume andmaxitnum weight of rail traffic on different railways, as well as for different 
qualities of track. The characteristic values given for Load Models 71 and SW/O nlay be 
nlultiplied by a factor a for lines carrying rail traffic which is heavier or lighter than the 
standard. 

In addition two other load models are given for railway bridges: 
load model "unloaded train" for checking the lateral stability of single track bridges 
and 

- load model HSLM to represent the loading from passenger trains at speeds exceeding 
200 km/h. 

Guidance is also given on aerodynanlic actions on structures adjacent to railway tracks 
as a resuJt of passing trains and on other actions from railway infrastructure. 

Bridges are essentially public works, for which: 
the European Directive 89/440lEEC on contracts for public works is particularly 
relevant, and 

- public authorities have responsibilities as owners. 
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Public authorities may also have responsibilities for the issue of regulations on 
authorised traffic (especially on vehicle loads) and for delivery and control 
dispensations when relevant, e.g. for special vehicles. 

EN 1991-2 is therefore intended for use by : 
- con1mittees drafting standards for structural design and related product, testing and 

execution standards ; 
- clients (e.g. for the formulation of their specific requirements on traffic and 

associated loading requirements) ; 
- designers and constructors ; 
- relevant authorities. 

~ Where a Table or a Figure @il are part of a NOTE, the Table or the Figure nUlnber 
is followed by (n) (e.g. Table 4.5(n)). 

National Annex for EN 1991-2 

This Standard gives alternative procedures, values and recolnrnendations for classes 
with notes indicating where national choices have to be made. Therefore the National 
Standard in1plementing EN 1991-2 should have a National Annex containing all 
Nationally Detern1ined Paran1eters to be used for the design of bridges to be constructed 
in the relevant country. 

National choice is allowed in EN 1991-2 through the following clauses: 

Section 1 : General 
1.1 (3) I Complementary rules for retaining walls, buried structures and 

tunnels. 

Section 2 : Classification of actions 
2.2(2) NOTE 2 Use of infrequent values of loading for road bridges 
2.3(1) Definition of appropriate protection against collisions 
2.3(4) Rules concerning collisions forces from various origins 

Section 3 : Design situations 
(5) Rules for bridges carrying both road and rail traffic 

Section 4 : Road traffic actions and other actions specifically for road bridges 
4.1(1) NOTE 2 Road traffic actions for loaded lengths greater than 200m 
4.1(2) NOTE 1 Specific load models for bridges with limitation of vehicle weight 
4.2.1(1) NOTE Definition of complementary load models 
2 
4.2.1 (2) Definition of models of special vehicles 
4.2.3(1) Conventional height of kerbs 
4.3.1(2) NOTE Use ofLM2 
2 
4.3.2(3) Values of a factors 
NOTES 1 & 2 
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4.3.2(6) Use of simplified alternative load models 
4.3.3(2) Values of f3 factor 

4.3.3(4) NOTE Selection of wheel contact surface for LM2 
2 
4.3.4(1) ition of Load M 1 1 .... cia I vehicles) 
4.4.1(2) NOTE Upper lin1it of the braking force on road bridges 
2 
~ Text ~ Text deleted<gjJ 
deleted@j] 

) Horizontal forces associated with Load Model 3 
) Braking force transmitted by expansion joints 

4.4.2(4) Lateral forces on road bridge decks 
4.5.1- Table Consideration of horizontal forces in gr 1 a 
4.4a Notes a 
and b 
~ 4.5.~ infrequent values of variable actions 
NOTE 3 A 

I§) 4.6.1 (2) • Use of Fatigue Load Models 
NOTE 2 and 
NOTE4@j] 
4.6.1(3) NOTE Definition of traffic categories 
1 
4.6.1(6) Definition of additional an1plification factor (fatigue) 
4.6.4(3) Adjustment of Fatigue Load Model 3 
4.6.5(1) NOTE ad traffic characteristics for the use of Fatigue Load Model 4 
2 
4.6.6(1) Use of Fatigue Load Model 5 
4.7.2.1(1) Definition of impact force and height of in1pact 
4.7.2.2( I) Definition of collision forces on decks 
NOTE J 
4.7.3.3(1) Definition of collision forces on vehicle restraint systems 
NOTE 1 
4.7.3.3(1) Definition of vertical force acting simultaneously with the horizontal 
NOTE 3 collision force 
4.7.3.3(2) Design load for the structure supporting a vehicle parapet 
4.7.3.4(1) Definition of collision forces on unprotected vertical structural 

members 
4.8(1) NOTE 2 Definition of actions on pedestrian parapets 
4.8(3) Definition of design loads due to pedestrian parapets for the 

supporting structure 
4.9.1(1) NOTE Definition of load models on embankments 
1 

Section 5 : Actions on footways, cycle tracks and footbridges 
5.2.3(2) Definition of load models for inspection gangways 
5.3.2.1(1) Definition of the characteristic value of the uniformly distributed load 
5.3.2.2(1) Definition of the characteristic value of the concentrated load on 

footbridges 
5.3.2.3( l)P Definition of service vehicles for footbridges 
NOTE) 
5.4(2) Characteristic value of the horizontal force on footbridges 
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6.7.l(8)P Derailment of rail traffic, measures for structural elements situated 
above the level of the rails and requiren1ents to retain a derailed train 
on the structure 

6.7.3(1)P Other actions 
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6.8.3.1(1) Frequent values of n1ulti-component actions 
6.8.3.2(1) Quasi-permanent values of multi-colnponent actions 
6.9(6) Fatigue load models, structuraillfe 
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Section 1 General 

1.1 Scope 

BS EN 1991-2:2003 
EN 1991 .. 2:2003 (E) 

(l) EN 1991-2 defines imposed loads (models and representative values) associated 
with road traffic, pedestrian actions and rail traffic which include, when relevant, 
dynatnic effects and centrifugal, braking and acceleration actions and actions for 
accidental design situations. 

(2) Imposed loads defined in 1991-2 are intended to be used for the design of new 
bridges, including piers, abutments, upstand walls, wing walls and flank walls etc., and 
their foundations. 

(3) The load models and values given in EN 1991-2 should be used for the design of 
retaining walls adjacent to roads and railway lines. 

NOTE For some models only, applicability conditions are defined in EN 1991-2. For the design of buried 
structures, retaining walls and tunnels, provisions other than those in EN 1990 to EN 1999 may be 
necessary. Possible complementary conditions may be defined in the National Annex or for the individual 
project. 

(4) EN 1991-2 is intended to be used in conjunction with EN 1990 (especially A2) and 
EN 1991 to EN 1999. 

(5) Section 1 gives definitions and symbols. 

(6) Section 2 defines loading principles for road bridges, footbridges (or cycle-track 
bridges) and raiJway bridges. 

(7) Section 3 is concerned with design situations and gives guidance on simultaneity of 
traffic load models and on combinations with non-traffic actions. 

(8) Section 4 defines: 

imposed loads (models and representative values) due to traffic actions on road 
bridges and their conditions of mutual combination and of corrlbination with 
pedestrian and cycle traffic (see section 5) ; 

other actions specifically for the design of road bridges. 

(9) Section 5 defines: 

imposed loads (models and representative values) on footways, cycle tracks and 
footbridges ; 

- other actions specifically for the design of footbridges. 

(10) Sections 4 and 5 also define loads translnitted to the structure by vehicle restraint 
systems and/or pedestrian parapets. 
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(11) Section 6 defines: 

imposed actions due to rail traffic on bridges; 

- other actions specifically for the design of railway bridges and structures adjacent to 
the railway. 

1.2 Nornlative references 

This European Standard incorporates by dated or undated reference, provisions from other 
publications. These normative references are cited at the appropriate places in the text and 
the publications, are listed hereafter. For dated references, subsequent anlendnlents to or 
revisions of any of these publications apply to this European Standard only when 
incorporated in it by anlendment or revision. For undated references the latest edition of 
the publication referred to applies (including amendments), 

EN 1317 Road restraint systems 
Part 1 : Terminology and general criteria for test methods 
Part 2 : Performance classes, iInpact test acceptance criteria and 
test nlethods for safety barriers 
Part 6 : Pedestrian restraint systenls, pedestrian parapetparpets 

NOTE The Eurocodes were published as European Prestandards. The following European Standards 
which are published or in preparation are cited in normative clauses or in NOTES to normative clauses: 

EN 1990 
EN 1991-1-1 

EN 1991-1-3 

prEN 1991- 1-4 

prEN 1991 1-5 

prEN 1991 1-6 

prEN 1991-1-7 

EN 1992 
EN 1993 
EN 1994 
EN 1995 
EN 1997 
EN 1998 
EN 1999 

Eurocode : Basis of Structural Design 
Eurocode 1 : Actions on structures: Part 1-1 : General actions -
Densities, self-weight i111posed loads for buildings 
Eurocode 1 : Actions on structures: Part 1-3 : General actions -
Snow loads 
Eurocode 1 : Actions on structures: Part 1 : General actions -
Wind actions 
Eurocode 1 : Actions on structures: Part 1-5 : General actions 
Thennal actions 
Eurocode 1 : Actions on structures: Part 1-6 : General actions 
Actions during execution 
Eurocode 1 : Actions on structures: Part 1-7 : General actions -
Accidental actions 
Eurocode 2 : Design of concrete structures 
Eurocode 3 : Design of steel structures 
Eurocode 4 : Design of composite steel and concrete structures 
Eurocode 5 : Design of timber structures 
Eurocode 7 : Geotechnical design 
Eurocode 8 : Design of structures for earthquake resistance 
Eurocode 9 : Design of aluminium structures 

1.3 Distinction between Principles and Application Rules 

(1) Depending on the character of the individual clauses, distinction is made in EN 
1991-2 between Principles and Application Rules. 
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(2) The Principles comprise: 

BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

general statements and definitions for which there is no alternative, as well as ~ 

requirements and analytical lllodeis for which no alternative is pernlitted unless 
specificall y stated. 

(3) The Principles are identified by the letter P following the paragraph nunlber. 

(4) The Application Rules are generally recognised rules which comply with the 
Principles and satisfy their requireillents. 

(5) It is permissible to use alternative design rules different fro III the Application Rules 
given in EN 1991-2 for works, provided that it is shown that the alternative rules accord 
with the relevant Principles and are at least equivalent with regard to the structural 
safety, serviceability and durability which would be expected when using the 
Eurocodes. 

NOTE If an alternative design rule is substituted for an Application Rule, the resulting design cannot be 
claimed to be wholly in accordance with EN 1991-2 although the will remain in accordance with 
the Principles of EN 1991-2. When EN 1991-2 is used in respect of a property listed in an annex Z of a 
product standard or an ETAG5, the use of an allernative design rule may not be acceptable for CE 
marking. 

(6) In EN 1991 
this clause. 

the Application Rules are identified by a nUlllber in brackets e.g. as 

1.4 Ternls and definitions 

NOTE 1 For the purposes of this European Standard, general definitions are provided in EN 1990 and 
additional definitions specific to this Part are below. 

NOTE 2 Terminology for road restraint systems is derived from EN 1317-1. 

1.4.1 Harmonised terms and common definitions 

1.4.1.1 
deck 
parts of a bridge which carry the traffic loading over piers, abutments and other walls, 
pylons being excluded 

1.4.1.2 
road restraint system 
general name for vehicle restraint system and pedestrian restraint system used on the 
road 

NOTE Road restraint systems may be, according to use: 
- permanent (fixed) or temporary (demountable, i.e. they are removable and used during temporary road 
works, emergencies or similar situations), 
- deformable or rigid, 
- single-sided (they can be hit on one side only) or double-sided (they can be hit on either side). 

5 ET AG : European Technical Approval Guideline 
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1.4.1.3 
safety barrier 
road vehicle restraint system installed alongside, or on the central reserve, of a road 

1.4.1.4 
vehicle parapet 
safety barrier installed on the edge, or near the edge, of a bridge or on a retaining wall or 
similar structure where there is a vertical drop and which may include additional 
protection and restraint for pedestrians and other road users 

1.4.1.5 
pedestrian restraint system 
system installed to retain and to provide guidance for pedestrians 

1.4.1.6 
pedestrian parapet 
pedestrian or "other lIser" restraint system along a bridge or on top of a retaining wall or 
similar structure and which is not intended to act as a road vehicle restraint systenl 

1.4.1.7 
pedestrian guardrail 
pedestrian or "other user" restraint system along the edge of a footway or footpath 
intended to restrain pedestrians and other users from stepping onto or crossing a road or 
other area likely to be hazardous 

NOTE "Other user" may include provision for equestrians, cyclists and cattle. 

1.4.1.8 
noise barrier 
screen to reduce transmission of noise 

1.4.1.9 
inspection gangway 
permanent access for inspection, not open for public traffic 

1.4.1.10 
movable inspection platfornl 
part of a vehicle, distinct from the bridge, used for inspection 

1.4.1.11 
footbridge 
bridge intended mainly to carry pedestrian and/or cycle-track loads, and on which 
neither road traffic loads, except those pennitted vehicles e.g. Inaintenance vehicles, nor 
any railway load are pernlitted 
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1.4.2 Terms and definitions specifically for road bridges 

1.4.2.1 
carriageway 

BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

for application of sections 4 and 5, the part of the road surface, supported by a single 
structure (deck, pier, etc.), which includes all physical traffic lanes (i.e. as Inay be 
marked on the road surface), hard shoulders, hard strips and marker strips (see 4.2.3(1» 

1.4.2.2 
hard shoulder 
surfaced strip, usually of one traffic lane width, adjacent to the outermost physical 
traffic lane, intended for use by vehicles in the event of difficulty or during obstruction 
of the physical traffic lanes 

1.4.2.3 
hard strip 
surfaced strip, usually less than or equal to 2 m wide, located alongside a physical 
traffic lane, and between this traffic lane and a safety barrier or vehicle parapet 

1.4.2.4 
central reservation 
area separating the physical traffic lanes of a dual-carriageway road. It generally 
includes a tnedian strip and lateral hard strips separated from the median strip by safety 
barriers. 

1.4.2.5 
notional lane 
strip of the carriageway, parallel to an edge of the carriageway, which in section 4 is 
deemed to carry a line of cars and/or lorries 

1.4.2.6 
remaining area 
difference, where relevant, between the total area of the carriageway and the surn of the 
areas of the notional lanes (see Figure 4.1) 

1.4.2.7 
tandem system 
assernbly of two consecutive axles considered to be simultaneously loaded 

1.4.2.8 
abnormal load 
vehicle load which may not be carried on a route without pennission from the relevant 
authority 
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1.4.3 Ternls and definitions specifically for railway bridges 

1.4.3.1 
tracks 
tracks include rails and sleepers. They are laid on a ballast bed or are directly fastened 
to the decks of bridges. The tracks Dlay be equipped with expansion joints at one end or 
both ends of a deck. The position of tracks and the depth of ballast may be modified 
during the lifetinle of bridges, for the maintenance of tracks. 

1.4.3.2 
footpath 
strip located alongside the tracks, between the tracks and the parapets 

1.4.3.3 
resonant speed 
traffic speed at which a frequency of loading (or a multiple of) lnatches a natural 
frequency of the structure (or a multiple of) 

1.4.3.4 
frequent operating speed 
lllost probable speed at the site for a particular type of Real Train (used for fatigue 
considerations) 

1.4.3.5 
maxinlum line speed at the site 
maximum permitted speed of traffic at the site specified for the individual project 
(generally limited by characteristics of the infrastructure or railway operating safety 
requirements) 

1.4.3.6 
nlaximum permitted vehicle speed 
maxilllUln permitted speed of Real Trains due to vehicle considerations and generally 
independent of the infrastructure 

1.4.3.7 
nlaximum nominal speed 
generally the Maximunl Line Speed at the Site. Where specified for the individual 
project, a reduced speed may be used for checking individual Real Trains for their 
associatedmaximUlll permitted vehicle speed. 

1.4.3.8 
maximunl design speed 
generally 1,2 x Maximum Nominal Speed 
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1.4.3.9 
maximum train commissioning speed 
maximum speed used for testing a new train before the new train is brought into 
operational service and for special tests etc. The speed generally exceeds the Maximun1 
Permitted Vehicle Speed and the appropriate requirements are to be specified for the 
individual project. 

1.5 Symbols 

For the purposes of this European Standard, the following symbols apply. 

1.5.1 Common syrrlbols 

NOTE Symbols used in one place only are not systematically repeated below. 

Latin upper case letters 

L In general, loaded length 

Latin lower case letters 

gri Group of loads, i is a number (i = 1 to n) 
r Horizontal radius of a carriageway or track centre-line, 

distance between wheel loads (Figure 6.3) 

1.5.2 Symbols specifically for sections 4 and 5 

Latin upper case letters 

Q
ak 

Characteristic value of a single axle load (Load Model 2) for a road bridge 
(see 4.3.3) 

Q
tlk 

Characteristic horizontal force on a footbridge 

Qfwk Characteristic value of the concentrated load (wheel load) on a footbridge 
(see 5.3.2.2) 

Qik Magnitude of characteristic axle load (Load Model 1) on notional lane 
number i (i = 1, 2 ... ) of a road bridge 

Qlk Magnitude of the characteristic longitudinal forces (braking and 
acceleration forces) on a road bridge 

Qserv Load model corresponding to a service vehicle for footbridges 

Q(k Magnitude of the characteristic transverse or centrifugal forces on road 
bridges 

Q'rk Transverse braking force on road bridges 

TS Tandem system for Load Modell 
UDL Uniformly distributed load for Load Modell 
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Latin lOlrver case letters 

qeq 

lV 

In general, natural horizontal frequency of a bridge 

In general, natural vertical frequency of a bridge 

Number of notional lanes for a road bridge 

Equivalent unifornlly distributed load for axle loads on enlbankments (see 
4.9.1) 
Characteristic vertical unifornlly distributed load on footways or 
footbridges 
Magnitude of the characteristic vertical distributed load (Load Model 1) on 
notional lane number i (i = 1, 2 ... ) of a road bridge 
Magnitude of the characteristic vertical distributed load on the remaining 
area of the carriageway (Load Modell) 
Carriageway width for a road bridge, including hard shoulders, hard strips 
and marker strips (see 4.2.3(1)) 
Width of a notional Jane for a road bridge 

Greek upper case letters 

i:J.qJral Additional dynamic alnplification factor for fatigue near expansion joints 
(see 4.6.1(6)) 

Greek IOHler case letters 

qJrat 

22 

adjustn1ent factors of some load models on lanes i (i = 1, 2 ... ), defined in 
4.3.2 
Adjustment factor of load models on the remaining area, defined in 4.3.2 

Adjustment factor of Load Model 2 defined in 4.3.3 

Dynamic anlplification factor for fatigue (see annex B) 
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1.5.3 Symbols specifically for section 6 

Key 
( I ) Running surface 
(2) Longitudinal forces acting along the centreline of the track 

Figure 1.1 .. Notation and dimensions specifically for railways 

Latin upper case letters 

Acu'c)GOI.) 
D 
DIe 

F;i 
G 
H 

K 
K2 
K5 
K20 

L 

Lr 
LTP 

Aggressivity (see Equations EA and 
Coach or vehicle length 
Intennediate coach length for a Regular Train with one axle per coach 
Secant n10dulus of elasticity of normal weight concrete 

Total longitudinal support reaction 
Characteristic longitudinal force per track on the fixed bearings due to 
deformation of the deck 
Longitudinal force on a fixed bearing due to the combined response of 
track and structure to temperature 
Wind force compatible with rail traffic 

Individual longitudinal support reaction corresponding to the action i 

Self-weight (general) 
Height between (horizontal) axis of rotation of the (fixed) bearing and the 
upper surface of the deck (underside of ballast beneath tracks) 
Total longitudinal support stiffness 
Longitudinal support stiffness per track per n1, 2E3 kNhn 
Longitudinal support stiffness per track per m, 5E3 kN/n1 
Longitudinal support stiffness per track per m, 20E3 kN/m 
Length (general) 
Expansion length 

MaxirYlum pern1issible expansion length 
Influence length of the loaded patt of curved track 
Influence length 

"determinant" length (length associated with (J)) 
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M Number of point forces in a train 
N Number of regularly repeating coaches or vehicles, or 

number of axles, or 
number of equal point forces 

P Point force 
Individual axle load 

Q Concentrated force or variable action (general) 
QAld Point load for derailment loading 
Q

h 
Horizontal force (general) 

Qk Characteristic value of a concentrated force or a variable action (e.g. 

characteristic value of a vertical loading on a non-public footpath) 
Qlak Characteristic value of traction force 
Qlbk Characteristic value of braking force 
Q

r 
Rail traffic action (general, e.g. resultant of wind and centrifugal force) 

Qsk Characteristic value of nosing force 
Qlk Characteristic value of centrifugal force 
Q

v 
Vertical axle load 

Q
vi 

Wheel load 

Qvk Characteristic value of vertical load (concentrated load) 
I1T Tenlperature variation 
I1T D Temperature variation of the deck 
I1T N Temperature variation 
I1TR Temperature variation of the rail 
V S peed in kmlh 

Maxinlum Line Speed at the Site in klnlh 
Xi Length of sub-train consisting of i axles 

Latin lower case letters 

a 

c 
d 

e 

f 
f~kJ f~k, cube 

g 
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Distance between rail supports, length of distributed loads (Load Models 
SW/O and SW/2) 
Horizontal distance to the track centre 

Equivalent horizontal distance to the track centre 
Length of the longitudinal distribution of a load by a sleeper and ballast 
Space between distributed loads (Load Models SW/O and SW/2) 
Regular spacing of groups of axles 
Spacing of axles within a bogie 
Spacing of point forces in HSLM-B 
Spacing of axles within a bogie 
Spacing between centres of adjacent bogies 
Eccentricity of vertical loads, eccentricity of resulting action (on reference 
plane) 
Distance between adjacent axles across the coupling of two individual 
regular trainsets 
Reduction factor for centrifugal force 
Concrete compressive cylinder! cube strength 
Acceleration due to gravity 



h 

no 
nT 

qAld, qA2d 

qrk 

qik 

qlak 

qlbk 

qtk 

qv], qv2 

qvk 

r 

s 
u 

v 

Vos 
Vi 

Ydyn, 
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Height (general) 
Height of cover including ballast frOln the top of the deck to the top of a 
sleeper 
Vertical distance from the running surface to the underside of the structure 
above the track 
Height of centrifugal force over the running surface 

Height of wind force over the running surface 

Longitudinal plastic shear resistance of the track 
Train shape coefficient 

Multiplication factor for slipstream actions on vertical surfaces parallel to 
the tracks 
Reduction factor for slipstream actions on simple horizontal surfaces 
adjacent to the track 
Multiplication factor for slipstream actions on surfaces enclosing the 
tracks (horizontal actions) 
Multiplication factor for slipstreanl actions on surfaces enclosing the 
tracks (vertical actions) 
Longitudinal plastic shear resistance of track, 20kN per m of track 
Longitudinal plastic shear resistance of track, 40kN per m of track 
Longitudinal plastic shear resistance of track, 60kN per m of track 
First natural bending frequency of the unloaded structure 
First natural torsional frequency of the structure 
Distributed loading for derailnlent loading 
Characteristic value of vertical loading on non-public footpath (uniformly 
distributed load) 
Characteristic value of equivalent distributed aerodynalnic action 
Characteristic value of distributed traction force 
Characteristic value of distributed braking force 
Characteristic value of distributed centrifugal force 
Vertical load (uniformly distributed load) 
Characteristic value of vertical load (uniformly distributed load) 
Radius of track curvature 
Transverse distance between wheel loads 
Gauge 
Cant, relative vertical distance between the uppermost surface of the two 
rails at a particular location along the track 
Maximum Nominal Speed in mls 
Maximunl Pennitted Vehicle Speed in mls 
Speed in mls 
Maximunl Design Speed in mls 
Resonant speed in mls 
Maximutn dynamic response and maxilllum corresponding static response 
at any particular point 

25 



BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

Greek upper case letters 

e End rotation of structure (general) 
(/)( (/)2'(/)3) Dynamic factor for railway Load Models 71, SW/O and SW/2 

Greek lower case letters 

a 

fJ 

(j p 

Sv 
b:r 
YFf 

JlMf 
tp,tp',tp" 

K 

A 
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Load classification factor 
Coefficient for speed 
Linear temperature coefficient for thermal expansion 
Ratio of the distance between the neutral axis and the surface of the deck 
relati ve to height H 
Deformation (general) 
Vertical deflection 
Deflection at ll1idspan due to permanent actions 
Longitudinal relative displacen1ent at the end of the deck due to traction 
and braking 
Longitudinal relative displacement at the end of the deck due to 
deformation of the deck 
Horizontal displacement 
Horizontal displacement due to the longitudinal displacement of the 
foundations of the substructure 
Horizontal displacell1ent due to the longitudinal deforn1ation of the 
substructure 
Vertical relative displacement at the end of the deck 
Horizontal displacell1ent due to longitudinal rotation of foundation 
Partial safety factor for fatigue loading 
Partial safety factor for fatigue strength 
Dynamic enhancement of static loading for Real Trains 

Dynamic enhancement of static loading for a Real Train determined from a 
dynamic analysis 
Coefficient relating to the stiffness of an abutment relati ve to the piers 
Damage equivalent factor for fatigue 
Excitation wavelength 
Critical wavelength of excitation 
Principal wavelength of excitation 
Wavelength of excitation at the Maximum Design Speed 
Density 
Stress 
Pressure on the upper surface of the deck from rail traffic actions 

Stress range due to the Load Model 71 (and where required SW 10) 
Reference value of fatigue strength 
Reduction factor for the determination of the longitudinal forces in the 
fixed bearings of one-piece decks due to traction and braking 
Lower limit of percentage of critical damping (%), or 
daInping ratio 
Total damping (%) 
Additional damping (0/0) 



Section 2 Classification of actions 

2.1 General 
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(1) The relevant traffic actions and other specific actions on bridges should be classified 
in accordance with EN 1990, section 4 (4.1.1). 

(2) Traffic actions on road bridges, footbridges and railway bridges consist of variable 
actions and actions for accidental design situations, which are represented by various 
models. 

(3) All traffic actions should be classified as free actions within the liInits specified in 
sections 4 to 6. 

(4) Traffic actions are mUlti-component actions. 

2.2 Variable actions 

(1) For normal conditions of use (i.e. excluding any accidental situation), the traffic and 
pedestrian loads (dynamic amplification included where relevant) should be considered 
as variable actions. 

(2) The various representative values are: 

- characteristic values, which are either statistical, i.e. corresponding to a lin1ited 
probability of being exceeded on a bridge during its design working life, or n0111inaJ, 
see EN 1990, 4.1.2(7) ; 

- frequent values ; 
- quasi-pennanent values. 

NOTE 1 In Table 2.1, some information is given on the bases for the calibration of the main Load 
Models (fatigue excluded) for road bridges and footbridges. Rail loading and the associated rand fj/ 

factors have been developed using Method (a) in C.l of EN 1990. 
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Table 2.1- Bases for the calibration of the main Load Models (fatigue excluded) 

Traffic Load Characteristic values Frequent values Quasi-permanent values 
Models 

Road brid~es 
LMI 1000 year return period (or I week return period for Calibration in accordance 

(4.3.2) probability of exceedance of traffic on the main roads in with definition given in EN 
5% in 50 years) for traffic on Europe factors equal to 1, 1990. 
the main roads in Europe (a see 4.3.2). 
factors equal to 1, see 4.3.2). 

LM2 1000 year return period 1 week return period for Not relevant 
(4.3.3) probability of exceedance of traffic on the main roads in 

5% in 50 years) for traffic on Europe (/3 factor equal to I, 
the main roads in Europe (fJ see 4.3.3). 
factor equal to ], see 4.3.3). 

LM3 Set of nominal values. Basic Not relevant Not relevant 
(4.3.4) values defined in annex A are 

derived from a synthesis 
based on various national 
regulations. 

LM4 Nominal value deemed to Not relevant Not relevant 
(4.3.5) represent the effects of a 

crowd. Defined with 
reference to existing national 
standards. 

Footbridges 
Uniformly Nominal value deemed to Equivalent static force Calibration in accordance 

distributed load represent the effects of a calibrated on the basis of 2 with definition given in EN 
I) crowd. Defined with pedestrians/m2 (in the 1990. 

reference to existing national absence of particular dynamic 
standards. behaviour). It can be 

considered, for footbridges in 
urban areas, as a load of J 

week return period. 
Concentrated load Nominal value. Defined with Not relevant Not relevant 

(5.3.2.2) reference to existing national 
standards. 

Service vehicle Nominal value. As specified Not relevant Not relevant 
(5.3.2.3) or given in 5.6.3. 

NOTE 2 For road bridges, the National Annex may impose the use of infrequent values which are 
intended lo correspond approximately to a mean return period of one year for traffic on the main roads in 
Europe. See also EN 1992-2, EN1994-2 and EN 1990, A2. 

(3) For calculation of fatigue lives, separate n10dels, associated values and, where 
relevant, specific requirements are given in 4.6 for road bridges, in 6.9 for railway 
bridges, and in the relevant annexes. 

2.3 Actions for accidental design situations 

(1) Road vehicles and trains may generate actions due to collision, or their accidental 
presence or location. These actions should be considered for the structural design where 
appropriate protection is not provided. 

NOTE Appropriate protection may be defined in the National Annex or for the individual project. 
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(2) Actions for accidental design situations described in this Part of EN 1991 refer to 
common situations. They are represented by various load models defining design values 
in the form of static equivalent loads. 

(3) For actions due to road vehicles under road bridges, footbridges and railway bridges 
during accidental design situations, see ~ 4.7.2,5.6.2 and 6.7.2@J]. 

(4) Collision forces due to boats, ships or aeroplanes, for road bridges, footbridges and 
railway bridges (e.g. over canals and navigable water), should be defined where 
appropriate. 

NOTE The National Annex may define the collision forces. Recommended values for boat and ship 
impacts are given in EN 1991-1-7. Additional requirements may be specified for the individual project. 

(5) Actions for accidental design situations due to road vehicles on road bridges and 
footbridges are defined in 4.7.3 and 5.6.3 respectively. 

(6) Actions for accidental design situations due to trains or railway infrastructure are 
defined in 6.7. They are applicable where relevant to road bridges, footbridges and 
railway bridges. 
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Section 3 Design situations 

(l)P Selected design situations shall be taken into account and critical load cases 
identified. For each critical load case, the design values of the effects of actions in 
cOlnbination shall be detern1ined. 

NOTE For bridges for which signalling is used to limit the weight of vehicles, an accidental design 
situation may have to be taken into account, corresponding to the crossing of the bridge by one vehicle in 
breach of warnings. 

(2) The various traffic loads to be taken into account as simultaneous when using groups 
of loads (coll1binations of action components) are given in the following sections; each 
of which should be considered in design calculations, where relevant. 

(3)P The combination rules, depending on the calculation to be undertaken, shall be in 
accordance with EN 1990. 

NOTE For seismic combinations for bridges and associated rules, see EN 1998-2. 

(4) Specific rules for the simultaneity with other actions for road bridges, footbridges, 
and railway bridges are given in EN 1990, A2. 

(5) For bridges intended for both road and rail traffic, the simultaneity of actions and the 
particular required verifications should be specified. 

NOTE The particular rules may be defined in Lhe National Annex or for the individual project. 
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Section 4 Road traffic actions and other actions specifically for road 
bridges 

4.1 Field of application 

(1) Load lTIodels defined in this section should be used for the design of road bridges 
with loaded lengths less than 200 m. 

NOTE I 200 m corresponds to the maximum length taken into account for the calibration of Load Model 
I 4.3.2). Tn general, the use of Load Model] is safe-sided for loaded lengths over 200 m. 

NOTE 2 Load models for loaded lengths greater than 200 m may be defined in the National Annex or for 
the individual project. 

(2) The lTIodels and associated rules are intended to cover all normally foreseeable 
traffic situations (i.e. traffic conditions in either direction on any lane due to the road 
traffic) to be taken into account for design (see however (3) and the notes in 4.2.1). 

NOTE 1 Specific models may be defined in the National Annex or for the individual project to be used 
for bridges equipped with appropriate means including road signs intended to striclly limit the weight of 
any vehicle (e.g. for local, agricultural or private roads). 

NOTE 2 Load models for abutments and walls adjacent to bridges are defined separately 4.9). They 
derive from the road traffic models without any correction for dynamic effects. For frame bridges, loads 
on road embankments may also give rise to action effects in the bridge structure. 

(3) The effects of loads on road construction sites (e.g. due to scrapers, lorries carrying 
earth, etc.) or of loads specifically for inspection and tests are not intended to be 
covered by the load models and should be separately specified, where relevant. 

4.2 Representation of actions 

4.2.1 Models of road traffic loads 

(1) Loads due to the road traffic, consisting of cars, lorries and special vehicles (e.g. for 
industrial transport), give rise to vertical and horizontal, static and dynamic forces. 

NOTE 1 The load models defined in this section do not describe actual loads. They have been selected 
and calibrated so that their effects (with dynamic amplification included where indicated) represent the 
effects of the actual traffic in the year 2000 in European countries. 

NOTE 2 The National Annex may define complementary load models, with associated combination rules 
where traffic outside the scope of the load models specified in this section needs to be considered. 

NOTE 3 The dynamic amplification included in the models (fatigue excepted), although established for a 
medium pavement quality (see annex B) and pneumatic vehicle suspension, depends on various 
parameters and on the action effect under consideration. Therefore, it cannot be represented by a unique 
factor. In some unfavourable cases, it may reach 1,7 (local effects), but still more unfavourable values can 
be reached for poorer pavement quality, or if there is a risk of resonance. These cases can be avoided by 
appropriate quality and design measures. Therefore, an additional dynamic amplification may have to be 
taken into account for particular calculations 4.6.1 or for the individual project. 
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(2) Where vehicles which do not comply with National regulations concerning limits of 
weights and, possibly, dinlensions of vehicles not requiring special penuits, or luilitary 
loads, have to be taken into account for the design of a bridge, they should be defined. 

NOTE The National Annex may define these models. Guidance on standard models for special vehicles 
and their application is given in annex A. See 4.3.4. 

4.2.2 Loading classes 

(1) The actual loads on road bridges result from various categories of vehicles and from 
pedestrians. 

(2) Vehicle traffic may differ between bridges depending on its cOlnposltIon (e.g. 
percentages of lorries), its density (e.g. average number of vehicles per year), its 
conditions (e.g. jam frequency), the extrenle likely weights of vehicles and their axle 
loads, and, if relevant, the influence of road signs restricting carrying capacity. 

These differences should be taken into account through the use of load nlodels suited to 
the location of a bridge (e.g. choice of adjustlllent factors a and f3 defined in 4.3.2 for 

Load ~!Jodel 1 and in 4.3.3 for Load Model 2 respectively). 

4.2.3 Divisions of the carriageway into notional lanes 

(1) The carriageway width, w, should be Ineasured between kerbs or between the inner 
limits of vehicle restraint systems, and should not include the distance between fixed 
vehicle restraint systelns or kerbs of a central reservation nor the widths of these vehicle 
restraint systelus. 

NOTE The National Annex may define the minimum value of the height of the kerbs to he taken into 
account. The recommended minimum value of this height is 100 mm. 

(2) The width WI of notional lanes on a carriageway and the greatest possible whole 

(integer) nUlnber lZl of such lanes on this carriageway are defined in Table 4.1. 

32 



as EN 1991-2:2003 
EN 1991-2:2003 (E) 

Table 4.1 - Number and width of notional lanes 

Carriageway Number of Width ofa Width of the 
width w notional lanes notional lane Wl remaining area 

w< 5,4 m 11] = 1 3m w- 3 m 

5,4 111:::;; w < 6 m 111 = 2 w 0 
-

2 
6 lll:::;; W 

11, = bU(;) 3 rn W - 3 x HI 

NOTE For example, for a carriageway width equal to 11m, 1/] In{j) 3, and the width of the 

remaining area is j I - 3x3 2m. 

(3) For variable carriageway widths, the nUlnber of notional lanes should be defined in 
accordance with the principles used for Table 4.1. 

NOTE For example, the number of notional lanes will be : 
1 where HI < 5A m 

- 2 where 5,4 tV < 9 m 
3 where 9 m ~ tV < 12 m. eLe. 

(4) Where the carriageway on a bridge deck is physically divided into two parts 
separated by a central reservation, then: 

(a) each part, including all hard shoulders or strips, should be separately divided into 
notional lanes if the parts are separated by a pennanent road restraint system; 

(b) the whole carriageway, central reservation included, should be divided into notional 
Janes if the parts are separated by a telllporary road restraint system. 

NOTE The rules given in 4.2.3(4) may be adjusted for the individual project, allowing for envisaged 
future modifications of the traffic lanes on the deck, e.g. for repair. 

4.2.4 Location and numbering of the lanes for design 

The location and nUlllbering of the lanes should be determined in accordance with the 
following rules: 

(1) The locations of notional lanes should not be necessarily related to their numbering. 

(2) For each individual verification (e.g. for a verification of the ultimate lill1it state of 
resistance of a cross-section to bending), the number of lanes to be taken into account as 
loaded, their location on the carriageway and their nunlbering should be so chosen that 
the effects from the load models are the most adverse. 

(3) For fatigue representative values and models, the location and the numbering of the 
lanes should be selected depending on the traffic to be expected in nonnal conditions. 
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(4) The lane giving the nlost unfavourable effect is numbered Lane Number 1, the lane 
giving the second 111.ost unfavourable effect is numbered Lane Number 2, etc. (see 
Figure 4.1). 

w 

Key 
W Carriageway width 
IVI Notional lane width 

1 Notional Lane Nr. 1 
2 Notional Lane Nr. 2 
3 Notional Lane Nr. :3 
4 Remaining area 

® 

Figure 4.1 .. Example of the Lane Numbering in the most general case 

(5) Where the carriageway consists of two separate parts on the san1e deck, only one 
numbering should be used for the whole carriageway. 

NOTE Hence, even if the carriageway is divided into two separate parts, there is only one Lane Number 
I; which can IEl) be considered alternatively on the two parts. 

(6) Where the carriageway consists of two separate parts on two independent decks, 
each part should be considered as a carriageway. Separate numbering should then be 
used for the design of each deck. If the two decks are supported by the sanle piers 
and/or abutlnents, there should be one nunlbering for the two parts together for the 
design of the piers and/or the abutments. 

4.2.5 Application of the load models on the individual lanes 

(1) For each individual verification, the load models, on each notional lane, should be 
applied on such a length and so longitudinally located that the most adverse effect is 
obtained, as far as this is conlpatible with the conditions of application defined below 
for each particular model. 

(2) On the remaining area, the associated load model should be applied on such lengths 
and widths in order to obtain the most adverse effect, as far as this is con1patible with 
particular conditions specified in 4.3. 

(3) When relevant, the various load n10dels should be conlbined together (see 4.5) and 
with models for pedestrian or cycle loads. 
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4.3 Vertical loads - Characteristic values 

4.3.1 General and associated design situations 

( l) Characteristic loads are intended for the detennination of road traffic effects 
associated with ultimate limit state verifications and with particular serviceability 
verifications EN 1990 to EN 1999). 

(2) The load models for vertical loads represent the following traffic effects: 

a) Load Modell (LMl) : Concentrated and uniformly distributed loads, which cover 
IllOSt of the effects of the traffic of lorries and cars. This tllodel should be used for 
general and local verifications. 

b) Load Model 2 (LM2) : A single axle load applied on specific tyre contact areas 
which covers the dynaInic effects of the normal traffic on short structuraltnenlbers. 

NOTE 1 As an order of magnitude, LM2 can be predominant in the range of loaded lengths up to 3m to 
7m. 

NOTE 2 The use of LM2 may be further defined in the National Annex. 

c) Load Model 3 (LM3) : A set of assenlblies of axle loads representing special 
vehicles (e.g. for industrial transport) which can travel on routes pennitted for 
abnormal loads. It is intended for general and local verifications. 

d) Load Model 4 (LM4) : A crowd loading, intended only for general verifications. 

NOTE This crowd loading is particularly relevant for bridges located in or near towns if its effects are 
not covered by Load Modell. 

(3) Load Models 1,2 and 3, where relevant, should be taken into account for any type of 
design situation (e.g. for transient situations during repair works). 

(4) Load Model 4 should be used only for some transient design situations. 

4.3.2 Load Model 1 

(1) Load Modell consists of two partial systems: 

(a) Double-axle concentrated loads (tandem system TS), each axle having the 
following weight: 

aQQk (4.1) 

where: 
a Q are adjustment factors. 

No nl0re than one tandem system should be taken into account per notional lane. 
Only complete tandem systems should be taken into account. 
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For the assessment of general effects, each tanden1 systen1 should be assumed to 
travel centrally along the axes of notional lanes (5) below for local 
verifications and Figure 4.2b). 
Each axle of the tanden1 systen1 should be taken into account with two identical 
wheels, the load per wheel being therefore equal to O,SaOQk . 

The contact surface of each wheel should be taken as square and of side 0,40 n1 
(see Figure 4.2b). 

(b) Uniforn1ly distributed loads (UDL system), having the following weight per square 
metre of notional lane: 

aqqk 
where: 
a q are adjustment factors. 

(4.2) 

The unifonnly distributed loads should be applied only in the unfavourable parts of the 
influence surface, longitudinally and transversally. 

NOTE LM 1 1S intended to cover flowing, congested or traffic jam situations with a high percentage of 
heavy lorries. In general, when used with the basic values, it covers the effects of a special vehicle of 600 
kN as defined in annex A. 

(2) Load Model 1 should be applied on each notional lane and on the ren1aining areas. 

On notional lane Number i, the load magnitudes are referred to as aQiQik and aqiqik (see 

Table 4.2). On the ren1aining areas, the load magnitude is referred to as aqrqrk' 

(3) The va] ues of adjustn1ent factors a Oi ' a qi and a qr should be selected depending on 

the expected traffic and possibly on different classes of routes. In the absence of 
specification these factors should be taken equal to unity. 

NOTE I The values of a
Qi

, aqi and factors are given in the National Annex. In all cases, for bridges 

without road signs restricting vehicle weights, the following minimum values are recommended: 

a
QI 

0,8 and (4.3) 

for: i::::. 2, a .::::. 1 ; this restriction being not applicable to a . 
'II . qr 

(4.4) 

NOTE 2 Values of a factors may correspond, in the National Annex, to classes of traffic. When they are 
taken equal to I, they correspond to a traffic for which a heavy industrial international traffic is expected, 
representing a large part of the total traffic of heavy vehicles. For more common traffic compositions 

(highways or motorways), a moderate reduction of a factors applied to tandems systems and the 
uniformly distributed loads on Lane I may be applied (10 to 

(4) The characteristic values of Qik and qik' dynalnic an1plification included, should be 

taken frOln Table 4.2. 
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Table 4.2 - Load model 1 : characteristic values 

Location Tandem system TS UDLsystem 

Axle loads Qik (kN) ~qik (or qrk) (kNltn2)@] 

Lane N unlber ] 300 9 
Lane Number 2 200 2,5 
Lane Number 3 100 2,5 

Other lanes 0 2,5 

Remaining area ( qrk ) 0 2,5 

The details of Load Modell are illustrated in Figure 4.2a. 

Key 
(1) Lane Nr. I : Qlk = 300 kN; qlk = 9 kN/m2 

Lane Nr. 2 : Q2k = 200 kN ; q2k = kN/nl 
(3) Lane Nr. 3 : Q3k = 100 kN ; q3k = kN/m2 

~Tandem axle spacing 1,2 m @il 

* For vtl, 3,00 m 

Figure 4.2a - Application of load Model 1 

NOTE The application of and 4.3.2-( 1) to (4) practically consists, for this model, of choosing 
the locations of the numbered Janes and the locations of the tandem systems (in most cases in the same 
cross-section). The length and width to be loaded by UDL are those of the relevant adverse parts of the 
intluence surfaces. 

(5) For local verifications, a tandem system should be applied at the lnost unfavourable 
location. Where two tandenl systelns on adjacent notional lanes are taken into account, 
they may be brought closer, with a distance between wheel axles not below 0,50 m (see 
Figure 4.2b). 
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I 

I 2,00 

!+I,:~ 1,20 

------tlIIr- X 

Figure 4.2b - Application of tandenl systenls for local verifications 

(6) Where general and local effects can be calculated separately, the general effects n1ay 
be calculated by using the following simplified alternative rules: 

NOTE The National Annex may define the conditions of use of these alternative rules. 

a) the second and third tandem systems are replaced by a second tandem syste.m with 
axle weight equal to : 

(200 + 100 aQ3 ) kN, or (4.5) 

b) for span lengths greater than 10m, each tandem system are replaced in each lane by 
a one-axle concentrated load of weight equal to the total weight of the two axles. 

NOTE In that case, the single axle weight is : 

600 a Q1 kN on Lane Number 1 

400 aQ2 kN on Lane Number 2 

200 aQ3 kN on Lane Number 3 

4.3.3 Load Model 2 

(1) Load Model 2 consists of a single axle load f3QQak with Qak equal to 400 kN, 

dynamic amplification included, which should be applied at any location on the 
carriageway. However, when relevant, only one wheel of 200 f3Q (kN) may be taken 

into account. 

(2) The value of f3Q should be specified. 
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NOTE The National Annex may give the value of fJQ . It is recommended that fJQ aQ, . 

(3) In the vicinity of expansion joints, an additional dynamic amplification factor equal 
to the value defined in 4.6.1(6) should be applied. 

(4) The contact surface of each wheel should be taken into account as a rectangle of 
sides 0,35 m and 0,60 m (see Figure 4.3). 

x 
I 

I ... ~ .. .,.~ ... '. t 

{\\~ ~ 

Key 
X Bridge longitudinal axis direction 
1 Kerb 

Figure 4.3 - Load Model 2 

NOTE 1 The contact areas of Load Models 1 and 2 are different, and conespond to different tyre models, 
arrangements and pressure distributions. The contact areas of Load Model 2, corresponding io twin lyres, 
are normally relevant for orthotropic decks. 

NOTE 2 For simplicity, the National Annex may adopt the same square contact surface for the wheels of 
Load Models I and 2. 

4.3.4 Load Model 3 (special vehicles) 

(1) Where relevant, models of special vehkles should be defined and taken into 
account. 

NOTE The National Annex may define Load Model 3 and its conditions of use. Annex A gives guidance 
on standard models and their conditions of application. 

4.3.5 Load Model 4 (crowd loading) 

(1) Crowd loading, if relevant, should be represented by a Load Model consisting of a 
uniforn1ly distributed load (whkh includes dynamic amplification) equal to 5 kNhn2

• 

NOTE The application of LM4 may be defined for the individual project. 
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(2) Load Model 4 should be applied on the relevant parts of the length and width of the 
road bridge deck, the central reservation being included where relevant. This loading 
systenl, intended for general verifications, should associated only with a transient 
design situation. 

4.3.6 Dispersal of concentrated loads 

(1) The various concentrated loads to be considered for local verifications, associated 
with Load Models 1 and 2, should be taken as uniformly distributed on their whole 
contact area. 

(2) The dispersal through the pavenlent and concrete slabs should be taken at a spread­
to-depth ratio of 1 horizontally to I vertically down to the level of the centroid of the 
slab (Figure 4.4). 

NOTE In the case of dispersal through backfill or earth~ see the NOTES in 4.9.1. 

Key 
I Wheel contact pressure 
2 Pavement 
:3 Concrete slab 
4 Middle surface of concrete slab 

Figure 4.4 - Dispersal of concentrated loads through pavement and a concrete slab 

(3) The dispersal through the pavenlent and orthotropic decks should be taken at a 
spread-to-depth ratio of 1 horizontally to 1 vertically down to the level of the middle 
plane of the structural top plate (Figure 4.5). 

NOTE The transverse distribution of the load among the ribs of the orthotropic deck is not considered 
here. 

40 

Figure 4.5 - Dispersal of concentrated loads through pavement 
and orthotropic decks 



BS EN 1991·2:2003 
EN 1991-2:2003 (E) 

4.4 Horizontal forces - Characteristic values 

4.4.1 Braking and acceleration forces 

(l)P A braking force, Qlk' shall be taken as a longitudinal force acting at the surfacing 

level of the carriageway. 

The characteristic value of Qlk' lilTIited to 900 kN for the total width of the bridge, 

should be calculated as a fraction of the total maXimUlTI vertical loads corresponding to 
the Load Model 1 likely to be applied on Lane Number 1, as follows: 

Q1k = 0,6aQI (2Qlk) + 0,10aq1 q,k wlL 

180aQ, (kN) ~ Q1k ~ 900 (kN) 

where: 

L is the length of the deck or of the part of it under consideration. 

(4.6) 

NOTE 1 For example, Qlk 360 + 2,7 L 900 kN) for a 3m wide lane and for a loaded length L> 1,2 Ill, 

if a factors are equal to unity. 

NOTE 2 The upper limit (900 kN) may be adjusted in the National Annex. The value 900 kN is normally 
intended to cover the maximum braking force of military vehicles according to STANAG6. 

(3) Horizontal forces associated with Load Model 3 should be defined where 
appropriate. 

NOTE The National Annex may define horizontal forces associated with Load Model 3. 

(4) This force should be taken into account as located along the axis of any lane. 
However, if the eccentricity effects are not significant, the force lTIay be considered to 
be applied only along the carriageway axis, and uniformly distributed over the loaded 
length. 

(5) Acceleration forces should be taken into account with the same magnitude as 
braking forces, but in the opposite direction. 

NOTE Practically this means that Q
1k 

may be negative as well as positive. 

(6) The horizontal force transmitted by expansion joints or applied to structural 
members that can be loaded by only one axle should be defined. 

NOTE The National Annex may define the value for Qlk . The recommended value is : 

Q1k = 0,6aQ1 Qlk 

6 STANAG : Military STANdardization AGreements (STANAG 2021) 
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4.4.2 Centrifugal and other transverse forces 

(1) The centrifugal force Qtk should be taken as a transverse force acting at the finished 

carriageway level and radially to the axis of the carriageway. 

(2) The characteristic value of Qtk' in which dynamic effects are included, should be 

taken from Table 4.3. 

Table 4.3 - Characteristic values of centrifugal forces 

Qtk = 0,2Qv (kN) if r < 200 nl 

Qlk 40Qv / r (kN) if 200 ~ r ~ 1500 m 

Qtk = 0 if r>1500m 

where: 

r is the horizontal radius of the carriageway centreline [m] 

Qv is the total Inaximum weight of vertical concentrated loads of the tandem 

systems of LMl, i.e. IaQi (2Qik) (see Table 4.2). 

(3) Qtk should be assulued to act as a point load at any deck cross-section. 

(4) Where relevant, lateral forces from skew braking or skidding should be taken into 
account. A transverse braking force, Qtrk' equal to 25% of the longitudinal braking or 

acceleration force Qlk' should be considered to act simultaneously with Q1k at the 

finished carriageway level. 

NOTE The National Annex may define a minimum transverse loading. In most cases, forces resulting 
from wind effects and collisions on kerbs provide a sufficient transverse loading. 

4.5 Groups of traffic loads on road bridges 

4.5.1 Characteristic values of the mUlti-component action 

(1) The simultaneity of the loading systems defined in 4.3.2 (Load Modell), 4.3.3 
(Load Model 2), 4.3.4 (Load Model 3), 4.3.5 (Load Model 4), 4.4 (horizontal forces) 
and the loads defined in section 5 for footways should be taken into account by 
considering the groups of loads defined in Table 4.4a. Each of these groups of loads, 
which are lTIutually exclusive, should be considered as defining a characteristic action 
for c01nbination with non-traffic loads. 
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Table 4.4a - Assessment of groups of traffic loads (characteristic values of the mUlti-component action) 

CARRIAGEWAY FOOTWAYS AND 
CYCLE TRACKS 

Load type Vertical forces Horizontal forces Vertical 
forces only 

Reference 4.3.2 4.3.3 4.3.4 4.3.5 4.4.1 4.4.2 5.3.2-(1 ) 
Load system LM1 LM2 LM3 LM4 Braking and Centrifugal Uniformly 

(TS and UDL (Single axle) (Special (Crowd acceleration and Distributed 
systems) vehicles) loading) forces a transverse load 

forces a 

gr1a Characteristic Combination 
values value b 

gr1b Characteristic 
value 

gr2 Frequent Characteristic Characteristic 
values value value 

Groups gr3 d Characteristic I 
of Loads value c I 

gr4 Chaiacteristic Characteristic 
value value 

gr5 See annex A Characteristic 
value 

Dominant component action (designated as component associated with the group) 
a May be defined in the National Annex (for the cases mentioned). 
b May be defined in the National Annex. The recommended value is 3 kN/m2

. 

c See 5.3.2.1-(2). One footway only should be considered to be loaded if the effect is more unfavourable than the effect of two loaded 
footways. 
d This group is irrelevant if gr4 is considered. 

43 



BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

4.5.2 Other representative values of the multi-component action 

(1) The frequent action should consist only of either the frequent vaJues of LMI or the 
frequent value of LM2, or the frequent values of loads on footways or cycle-tracks 
(taking the more unfavourable), without any accon1panying component, as defined in 
Table 4.4b. 

NOTE] For the individual components of the tratIic action, these representative values are defined in 
EN 1990, A2. 

NOTE 2 For quasi-permanent values (generally equal to zero), see EN 1990, A2. 

NOTE 3 Where the National Annex refers to infrequent values of variable actions, the same rule as in 
4.5.1 may be applied by replacing all characteristic values in Table 4.4 by infrequent values defined in 
EN 1990, A2, without modifying the other values mentioned in the Table. But the inti-equent group gr2 is 
practically irrelevant for road bridges. 

Table 4.4b - Assessment of groups of traffic loads (frequent values of the multi­
component action) 

CARRIAGEW A Y FOOTW A YS AND 
CYCLE TRACKS 

Load type Vertical forces 

Reference 4.3.2 4.3.3 5.3.2(1) 

Load system LM 1 (TS and UDL LM2 (single axle) Uniformly distributed 

systems) load 

grla IE Frequent vnlue~ r 

Groups of grlb Fi quem value 
loads 

gr3 r _ Ill i<I: 
, I 1t;\.IU\: IlY(i:lue ' J!,Hi 

a One footway only should be considered to be loaded if the etTect is more unfavourable than the effect of two 
loaded footways. 

4.5.3 Groups of loads in transient design situations 

(1) The rules given in 4.5.1 and 4,5.2 are applicable with the following modifications 
given in 4.5.3(2). 

(2) For verifications in transient design situations, the characteristic values associated 
with the tandem system should be taken equal to O,8aQi Qik' and all other characteristic, 

frequent and quasi-pennanent values and the horizontal forces are as specified for 
persistent design situations without any modification (i.e. they are not reduced 
proportionally to the weight of the tandems). 

NOTE In transient design situations due to road or bridge maintenance, the traffic is commonly 
concentrated on smaller areas without being significantly reduced, and long lasting traffic jams are 
frequent. However, more reductions may be applied in cases where the heaviest lorries are diverted by 
appropriate measures. 
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(]) Traffic running on bridges produces a stress spectrum which may cause fatigue. The 
stress spectrum depends on the geonletry of the vehicles, the axle loads, the vehicle 
spacing, the conlposition of the traffic and its dynamic effects. 

(2) In the following, five fatigue load models of vertical forces are defined and given in 
4.6.2 to 4.6.6. 

NOTE I Horizontal forces may have to be taken into account simultaneously with vertical forces for the 
individual project: for example, centrifugal forces may occasionally need to be considered together with 
the vertical loads. 

NOTE 2 The use of the various Fatigue Load Models is defined in EN 1992 to EN 1999 and further 
information is given as below: 

a) Fatigue Load Models I, 2 and 3 are intended to be used to determine the maximum and minimum 
stresses resulting from the possible load arrangements on the bridge of any of these models; in many 
cases, only the algebraic difference between these stresses is used in EN 1992 to ENl 999. 

b) Fatigue Load Models 4 and 5 are intended to be used to determine stress range spectra resulting from 
the passage of lorries on the bridge. 

c) Fatigue Load Models 1 and 2 are intended to be used to check whether the fatigue life may be 
considered as unlimited when a constant stress amplitude fatigue limit is given. Therefore, they are 
appropriate for steel constructions and may be inappropriate for other materials. Fatigue Load Model I is 
generally conservative and covers multi-lane effects automatically. Fatigue Load Model 2 is more 
accurate than Fatigue Load Modell when the simultaneous presence of several lorries on the bridge can 
be neglected for fatigue verifications. If that is not the case, it should be used only if it is supplemented by 
additional data. The National Annex may the conditions of use of fatigue load models I and 2. 

d) Fatigue Load Models 3, 4 and 5 are intended to be used for fatigue life assessment by reference to 
fatigue strength curves defined in EN1992 to EN1999. They should not be used to check whether fatigue 
life can be considered as unlimited. For this reason, they are not numerically comparable to Fatigue Load 
Models 1 and 2. Fatigue Load Model 3 may also be used for the direct verification of designs by 
simplified methods in which the inl1uence of the annual traffic volume and of some bridge dimensions is 

taken into account by a material-dependent adjustment factor Ae' 

e) Fatigue Load Model 4 is more accurate than Fatigue Load Model 3 for a variety of bridges and of the 
traffic when the simultaneous presence of several lorries on the bridge can be neglected. If that is not the 
case, it should be used only if it is supplemented by additional data, specified or as defined in the National 
Annex. 

t) Fatigue Load Model 5 is the most general model, using actual traffic data. 

NOTE 3 The load values given for Fatigue Load Models 1 to 3 are appropriate for typical heavy traffic 
on European main roads or motorways (traffic category Number 1 as defined in Table 4.5). 

NOTE 4 The values of Fatigue Load M.odels 1 and 2 may be modified for the individual project or by the 
National Annex when considering other categories of traffic. In this case, the modifications made to both 
models should be proportional. For Fatigue Load Model 3 a modification depends on the verification 
procedure. 
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(3) A traffic category on a bridge should be defined, for fatigue verifications, at least, 
by: 

the nUIl1ber of slow lanes, 
the number Nobs of heavy vehicles (maximum gross vehicle weight lllore than 100 

kN), observed or estimated, per year and per slow lane (i.e. a traffic lane used 
predolllinantly by lorries). 

NOTE I The traffic categories and values may be defined in the National Annex, Indicative values for 
No'" are given in Table 4.5 for a slow lane when using Fatigue Load Models 3 and 4. On each fast lane 

a traffic Jane used predominantly hy cars), additionally, 10% of N,)bS may he taken into account. 

Tahle 4,5(n) - Indicative number of heavy vehicles expected per year and per slow lane 

Traffic categories Nobs per year and per slow lane 

I Roads and 1110torways with 2 or more 2,0 x 106 

lanes per direction with high flow rates 
of lorries 

2 Roads and motorways with medium 0,5x106 

now rates of lorries 

3 Main roads with low now rates of 0,125 x 106 

lorries 

4 Local roads with low flow rates of 0,05 x 106 

lorries 

NOTE 2 Tahle 4.5 is not sufficient to characterise the traffic for fatigue verifications. Other parameters 
may have to be considered, for example: 

percentages of vehicle types (see, e,g., Tahle 4.7), which depend on the "traffic type", 
parameters defining the distribution of the weight of vehicles or axles of each type, 

NOTE 3 There is no general relation hetween traffic categories for fatigue verifications, and the loading 
classes and associated a factors mentioned in 4.2.2 and 4.3.2. 

NOTE 4 Intermediate values of Nobs are not excluded, hut are unlikely to have significant effect on the 

1~ltigue life. 

(4) For the assessment of general action effects (e.g. ill main girders) all fatigue load 
ll10dels should be placed centrally on the notional lanes defined in accordance with the 
principles and rules given in 4.2.4(2) and (3). The slow lanes should be identified in the 
design. 

(5) For the assessment of local action effects (e.g. in slabs) the models should be 
centered on notional lanes assumed to be located anywhere on the carriageway. 
However, where the transverse location of the vehicles for Fatigue Load Models 3, 4 
and 5 is significant for the studied effects (e.g. for orthotropic decks), a statistical 
distribution of this transverse location should be taken into account in accordance with 
Figure 4.6. 
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y 

I 
50% 

I· ·1· ·1· ·1- ·1· ·1 
5 x 0.1 m 

Figure 4.6 - Frequency distribution of transverse location 
of centre line of vehicle 

(6) Fatigue Load Models 1 to 4 include dynanlic load amplification appropriate for 
pavelnents of good quality (see annex B). An additional amplification factor ~lpfal 

should be taken into account near expansion joints and applied to all Joads : 

( 
D \ 

I1qJfat = 1,30 1- 26 j (4.7) 

where: 

D is the distance (In) of the cross-section under consideration frOln the expansion 
joint. See Figure 4.7. 

AY?fat 

1.30 

~ 1,20 

~ 1,10 

~ 1,00 I 
I 
I D 

6,00 m 

Key 
: Additional amplification factor 

D : Distance of the cross-section under consideralion from the expansion joint 

Figure 4.7 - Representation of the additional amplification factor 

NOTE A conservative, often acceptable, simplification may consist of adopting t. qJ fat 1,3 for any cross­

section within 6m hom the expansion joint. The dynamic additional amplification may be modified in lhe 
National Annex. Expression (4.7) is recommended. 
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4.6.2 Fatigue Load Modell (similar to LMl) 

(1) Fatigue Load Model 1 has the configuration of the characteristic Load 110del 1 
defined in 4.3.2, with the values of the axle loads equal to O,7Qik and the values of the 

uniformly distributed loads equal to O,3qik and (unless otherwise specified) O,3qrk' 

NOTE The load values for Fatigue Load Model 1 are similar to those defined for the Frequent Load 
Mode1. However adopting the Frequent Load Model without adjustment would have been excessively 
conservative by comparison with the other models, especially for large loaded areas. For individual 

projects, qrk may be neglected. 

(2) The maxilnum and minirllum stresses ( and O"FLM.rnin) should be detennined 

from the possible load arrangenlents of the model on the bridge. 

4.6.3 Fatigue Load Model 2 (set of "frequent" lorries) 

(1 ) Fatigue Load Model 2 consists of a set of idealised lorries, called "frequenC lorries, 
to be used as defined in (3) below. 

(2) Each "frequent lorry" is defined by : 
the number of axles and the axle spacing (Table 4.6, columns 1 +2), 
the frequent load of each axle (Table 4.6, column 3), 
the wheel contact areas and the transverse distance between wheels (colunln 4 of 
Table 4.6 and Table 4.8). 

(3) The maximum and minimum stresses should be determined from the most severe 
effects of different lorries, separately considered, travelling alone along the appropriate 
lane. 

NOTE When some of these lorries are obviously the most critical, the others may be disregarded. 
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4 
LORRY Axle Frequent Wheel 

SILHOUETTE spacing axle loads type (see 
(m) (kN) Table 4.8) 
4,5 90 A 

g -1~1 
•• 

190 B 
1-
'O'C:-' U 

4,20 80 A 

raJ\ II 
1,30 140 B 

140 B 
,..,-L...[ ~,-u 

3,20 90 A 

IEri~~_ II 
5,20 180 B 

ii"~"--G-' vvv 1,30 120 C 
1,30 120 C 

120 C 
3AO 90 A 

i~ila.~ I[ 6,00 190 B 

.0' 1,80 140 B 
-~' - 140 B 

4,80 90 A 

,1 III 
3,60 180 B 

vu ~ov 4AO 120 c 
1,30 110 C 

110 C 

4.6.4 Fatigue Load Model 3 (single vehicle model) 

(1) This model consists of four axles, each of them having two identical wheels. The 
geometry is shown in Figure 4.8. The weight of each axle is equal to 120 kN, and the 
contact surface of each wheel is a square of side OAO m. 

,------6,00 m------11 

I 
2,00 m m -----... - x 

-! 

Key 
WI : Lane width 
X : Bridge longitudinal axis 

Figure 4.8 - Fatigue Load Model 3 
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(2) The maximum and minimum stresses and the stress ranges for each cycle of stress 
fluctuation, i.e. their algebraic difference, resulting from the transit of the nl0del along 
the bridge should be calculated. 

(3) Where relevant, two vehicles in the same lane should be taken into account. 

NOTE The conditions of application of this rule may be defined in the National Annex or for the 
individual project. Possible recommended conditions are given hereafter: 

one vehicle is as defined in (]) above; 
the geolnelry of the second vehic1e is as defined in (1) above and the weight of each axle is equal to 
36 kN (instead of 120 kN) ; 
the distance between the two vehicles, measured from centre to centre of vehicles, is not less than 40 
In. 

4.6.5 Fatigue Load Model 4 (set of "standard" lorries) 

(1) Fatigue Load Model 4 consists of sets of standard lorries which together produce 
effects equivalent to those of typical traffic on European roads. A set of lorries 
appropriate to the traffic mixes predicted for the route as defined in Tables 4.7 and 4.8 
should be taken into account. 
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Table 4.7 - Set of equivalent lorries 

VEHICLE TYPE TRAFFIC TYPE 

1 2 3 4 I 5 (1 7 

Long Mediun~ Local 
distance distance traffic 

Axle Equivalent LOrI'), Lorry LoI'~~ge Whcel 

LORRY spacing axle percentage pen'cntage Jlercent 'ypc 
(m) loads 

(kN) 

I 4,5 70 20,0 40,0 80,0 A 

IM'lll II 

130 B 

ir~. u 

4,20 70 5,0 10,0 5,0 A 

e-n II 

1,30 120 B 
120 B IfCJf;,- VV 

l 
3,20 70 50,0 30,0 5,0 A 

frll'\1 I 

5,20 150 B 
1,30 90 C lioDe~ \iI-\iilV 1,30 90 C 

90 C 
3,40 70 15,0 15,0 5,0 A 

{~ll ft.~~ II 
6,00 140 B 

~4 
] ,80 90 B 

''IIiiiI'-c...: . ...., 

90 B 

4,80 70 10,0 5,0 5,0 A 

~~ ill 
3,60 130 B 
4,40 90 C u u 'VV

I 

1,30 80 C 
80 C 

NOTE 1 This model, based on five standard lorries, simulates traffic which is deemed to produce fatigue 
damage equivalent to that due to actual traffic of the corresponding category defined in Table 4,5, 

NOTE 2 Other standard lorries and lorry percentages may be defined for the individual project or in the 
National Annex. 

NOTE 3 For the selection of a traffic type, it may broadJy be considered that: 
"Long distance" means hundreds of kilometres, 
"Medium distance" means 50 to 100 km, 
"Local traffic" means distances less than 50 km. 

In reality, mixture of traffic lypes may occur. 
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Table 4.8 - Definition of wheels and axles 

WHEEL/ 
AXLE TYPE 

A 

B 

C 

GEOMETRICAL DEFINITION 

(2) Each standard lorry is defined by : 

the number of axles and the axle spacing (Table 4.7, colulnns 1+2), 

the equivalent load of each axle (Table 4.7, column 3) 

- the wheel contact areas and the transverse distances between wheels, in accordance 
with colullln 7 of Table 4.7. and Table 4.8. 

(3) The calculations should be based on the following procedure: 

the percentage of each standard lorry in the traffic flow should be selected fronl 
Table 4.7. columns 4, 5 or 6 as relevant; 

- the total number of vehicles per year to be considered for the whole carriageway 

L NObs should be defined; 

NOTE Recommended values are given in Table 4.5. 

each standard lorry is considered to cross the bridge in the absence of any other 
vehicle. 

(4) The stress range spectrum and the corresponding nmnber of cycles from each 
fluctuation in stress during the passage of individual lorries on the bridge should be the 
Rainflow or the Reservoir counting method. 
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4.6.6 Fatigue Load l\10de15 (based on recorded road traffic data) 

(1) Fatigue Load Model 5 consists of the direct application of recorded traffic data, 
supplemented, if relevant, by appropriate statistical and projected extrapolations. 

NOTE For the use of this model, see the National Annex. Guidance fbr a eomplete specification and the 
application of such a model is given in annex B. 

4.7 Actions for accidental design situations 

4.7.1 General 

(1)P Loads due to road vehicles in accidental design situations shall be taken into 
account where relevant, resulting frorn : 

vehicle collision with bridge piers, soffit of bridge or decks, 
the presence of heavy wheels or vehicle on footways (effects of heavy wheels or 
vehicle on footways shall be considered for all road bridges where footways are not 
protected by an effective rigid road restraint system), 
vehicle collision with kerbs, vehicle parapets and structural cornponents (effects of 
vehicle collision with vehicle parapets and safety barriers shall be considered for all 
road bridges where such road restraint systems are provided on the bridge deck 
effects of vehicle collision with kerbs shall be considered in all cases). 

4.7.2 Collision forces from vehicles under the bridge 

NOTE See 5.6.2 and 6.7.2, and EN 1990, A2. 

4.7.2.1 Collisioll forces Oil piers alld other supporting llzel1zbers 

(1) Forces due to the collision of abnormal height or aberrant road vehicles with piers or 
with the supporting mernbers of a bridge should be taken into account. 

NOTE The National Annex may define: 
rules to proteet the bridge from vehicular collision forces, 
when vehicular collision forces are to be taken into account (e.g. with reference to a safety distance 
between piers and the of the carriageway), 
the magnitude and location of vehicular collision forces, 
and also the limit states to be considered. 

For stiff piers the following minimum values are recommended: 
a) Impact force: 1000 kN in the direction of vehicle travel or 500 kN perpendicular to that direction; 
b) Height above the level of adjacent ground surface: 1,25 m. 
See also EN 1991-1-7. 

4.7.2.2 Collisioll forces Oil decks 

(1) If relevant the vehicle collision force should be specified. 

NOTE I The National Annex may define the collision force on decks, possibly in relation to vertical 
clearance and other forms of protection. See EN ] 991-1-7. 
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NOTE 2 Collision loads on bridge decks and other structural components over roads may vary widely 
depending on structural and non-structural parameters, and their conditions of applicability. The 
possibility of collision by vehicles having an abnormal or illegal height may have to be envisaged, as well 
as a crane swinging up while a vehicJe is moving. Preventive or protective measures may be introduced as 
an alternative to designing for collision forces. 

4.7.3 Actions from vehicles on the bridge 

4.7.3.1 Vehicle Oil Jootways and cycle tracks on road bridges 

(1) If a safety barrier of an appropriate containment level is provided, wheel or vehicle 
loading beyond this protection need not be taken into account. 

NOTE Containment levels for safety barriers are defined in EN 1317-2. 

(2) Where the protection mentioned in (1) is provided, one accidental axle load 
corresponding to a Q2Q2k (see 4.3.2) should be so placed and oriented on the unprotected 

parts of the deck so as to give the n10st adverse effect adjacent to the safety barrier as 
shown, for example, in Figure 4.9. This axle load should not be taken into account 
simultaneously with any other variable load on the deck. A single wheel alone should be 
taken into account if geometrical constraints n1ake a two-wheel arrangenlent impossible. 

Beyond the vehicle restraint system, the characteristic variable concentrated load 
defined in 5.3.2.2 should be applied, if relevant, separately fron1 the accidental load. 

~ ~! \~ ~i ! 
~~ ~~ 

0,40 

~ 

® 

® 

Key 
(I) Pedestrian parapet (or vehicJe parapet if a safety barrier is not provided) 

Safety barrier 
(3) Carriageway 

Figure 4.9 - Examples showing locations of loads from vehicles on footways and 
cycle tracks of road bridges 
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(3) In the absence of the protection mentioned in 0), the rules given in (2) are 
applicable up to the edge of the deck where a vehicle parapet is provided. 

4.7.3.2 Collisioll forces Oil kerbs 

(1) The action from vehicle collision with kerbs or pavement upstands should be taken 
as a lateral force equal to 100 kN acting at a depth of 0,05 m below the top of the kerb. 

This force should be considered as acting on a line 0,5 m long and is transmitted by the 
kerbs to the structural members supporting thenl. In rigid structural nleolbers, the load 
should be assumed to have an angle of dispersal of 45°. When unfavourable, a vertical 
traffic load acting sinlultaneously with the collision force equal to 0,75aQ1 Qlk (see 

Figure 4. 10) should be taken into account. 

1 
':.\-II!---J 0,50 m 

~J 

Key 
(1) Footway 
(2) Kerb 

Figure 4.10 - Definition of vehicle collision forces on kerbs 

4.7.3.3 Collision forces 011 vehicle restraint systelns 

(1) For structural design, horizontal and vertical forces transferred to the bridge deck by 
vehicle restraint systelns should be taken into account. 

NOTE 1 The National Annex may define and se1ect classes of collision forces and associated conditions 
of application. In the following, 4 recommended classes of values for the transferred horizontal force are 
given: 

Table 4.9 (n) - Recommended classes for the horizontal force transferred 
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The horizontal force, acting transversely, may be applied 100 mm below the top of the selected vehicle 
restraint system or ],0 m above the level of the carriageway or footway, whichever is the lower, and on a 
line 0,5 m long. 

NOTE 2 The values of the horizontal forces given for the classes A to D derive from measurements 
duri ng collision tests on real vehicle restraint systems used for bridges. There is no direct correlation 
between these values and performance classes of vehicle restraint systems. The proposed values depend 
rather on the stiffness of the connection between the vehicle restraint system and the kerb or the part of 
the bridge to which it is connected. A very strong connection leads to the horizontal force given for class 
D. The lowest horizontal force derives from measurements for a vehicle restraint system with a \\leak 
connection. Such systems are ti-equently used for a steel vehicle restraint systems according to a 
performance class H2 according to EN 1317-2. A very weak connection may lead to the horizontal force 
given for class A. 

NOTE:3 The vertical force acting simultaneously with the horizontal collision force may be defined in 
the National Annex. The recommended values may be taken equal to O,75a

Q1
Qlk' The calculations taking 

account of horizontal and vertical forces may be replaced, when possible, by detailing measures (for 
example, design of reinforcement). 

(2) The structure supporting the vehicle parapet should be designed to sustain locally an 
accidental Joad effect corresponding to at least 1,25 tin1es the characteristic Jocal 
resistance of vehicle parapet (e.g. resistance of the connection of the parapet to the 
structure) and need not be con1hined with any other variable load. 

NOTE This design load effect may be defined in the National Annex. The value given in this clause 
(I is a recommended minimum value. 

4.7.3.4 Collision forces Oil structurallnelnbers 

(]) The vehicle collision forces on unprotected structural n1en1bers above or beside the 
carriageway levels should be taken into account. 

NOTE These forces may the defined in the National Annex. It is recommended that they may be the 
same as defined in 4.7.2.1 (l), acting 1,25 m above the carriageway level. However, when additional 
protective measures between the carriageway and these members are provided, this force may be reduced 
for the individual project. 

(2) These forces should not be considered to act simultaneously with any variable load. 

NOTE For some intermediate members where damage to one of which would not cause collapse 
hangers or stays), smaller forces may be defined for the individual project. 

4.8 Actions on pedestrian parapets 

(1) For structural design, forces that are transfened to the bridge deck by pedestrian 
parapets should be taken into account as variable loads and defined, depending on the 
selected loading class of the parapet. 

NOTE 1 For loading classes of pedestrian parapets, see EN 1317-6. For bridges, class C is the 
recommended minimum class. 

NOTE 2 The forces transferred to the bridge deck by pedestrian parapets may be defined with their 
classification for the individual project or in the National Annex in accordance with EN 1317-6. A line 
force of 1,0 kN/m acting, as a variable load, horizontally or vertically on the top of the parapet is a 
recommended minimum value for footways or footbridges. For service side paths, the recommended 
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minimum value is 0,8 kN/m. Exceptional and accidental cases are not covered by these recommended 
minimum values. 

(2) For the design of the supporting structure, if pedestrian parapets are adequately 
protected against vehicle collision, the horizontal actions should be considered as 
simultaneous with the unifoflnly distributed vertical loads defined in 5.3.2.1. 

NOTE Pedestrlan parapets can be considered as adequately protected only if the protection satisfies the 
requirements for the individual project. 

(3) Where pedestrian parapets cannot be considered as adequately protected against 
vehicle collisions, the supporting structure should be designed to sustain an accidental 
load effect corresponding to 1,25 tilnes the characteristic resistance of the parapet, 
exclusive of any variable load. 

NOTE This design load effect may be defined in the National Annex. The value given in this clause 
(1,25) is recommended. 

4.9 Load models for abutments and walls adjacent to bridges 

4.9.1 Vertical loads 

(1) The carriageway located behind abutlnents, wing walls! side walls and other parts of 
the bridge in contact with earth! should be loaded with appropriate models. 

NOTE I These appropriate load models may be defined in the National Annex. The use of Load 
Modell, defined in 4.3.2, is recommended, but, for simplicity, the tandem system loads may be replaced 
by an equivalent uniformly distributed load, noted qeq, spread over an appropriate relevant rectangular 
surface depending on the dispersal of the loads through the backfill or earth. 

NOTE 2 For the dispersal of the loads through the backfill or earth, see EN 1997. In the absence of 
any other rule, if the backfill is properly consolidated, the recommended value of the dispersal angle 
IEl) from the is equal to 30°. With such a value, the surface on which qeq is applied may be 
taken as a rectangular surface 3 m wide and 2,20 III long. 

(2) Representative values of the load 1110del other than the characteristic values should 
not be considered. 

4.9.2 Horizontal force 

(1) No horizontal force should be taken into account at the surfacing level of the 
carriageway over the backfill. 

(2) For the design of abutlnent upstand walls (see Figure 4.11), a longitudinal braking 
force should be taken into account with a characteristic value equal to O,6aQ1 Qlk' acting 

sinlultaneously with the aQ1QJk axle loading of Load Model NUlnber 1 and with the 

earth pressure froln the backfill. The backfill should be assumed not to be loaded 
sill1ultaneously. 
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1 1----1-..... 

® 

Key 
( t) Upstand wall 

Bridge deck 
(3) Abutment 

® 

Figure 4.11 - Definition of loads on upstand walls 
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Section 5 Actions on footways, cycle tracks and footbridges 

5 .. 1 Field of application 

(1) Load models defined in this section are applicable to footways, cyc1e tracks and 
footbridges. 

(2) The unifonnly distributed load qfk (defined in 5.3.2.1) and the concentrated load 

Qfwk (defined in 5.3.2.2) should be used for road and railway bridges as weJl as for 

footbridges, where relevant (see 4.5, 4.7.3 and 6.3.6.2(1)). All other variable actions and 
actions for accidental design situations defined in this section are intended only for 
footbridges. 

NOTE I For loads on access steps, see 6.3 in EN 1991 I-I. 

NOTE 2 For large footbridges (for example more than 6 m width) load models defined in this section 
may not be appropriate and then complementary load models, with associated combination rules, may 
have to be defined for the individual project. Indeed, various human activities may take place all wide 
footbridges. 

(3) Models and representative values given in this section should be used for 
serviceability and ultimate liInit state calculations excluding fatigue lilnit states. 

(4) For calculations relating to the vibration of pedestrian bridges and based on dynanlic 
analysis, see 5.7. For all other calculations of load effects to be perfornled for any 
bridge type, the models and values given in this section include the dynanlic 
atnplification effects, and the variable actions should be treated as static. 

(5) The effects of loads on construction sites are not intended to be covered by the load 
models given in this section and should be separately specified, where relevant. 

5.2 Representation of actions 

5.2.1 Models of the loads 

(1) The imposed loads defined in this section result frOln pedestrian and cycle traffic, 
minor COlnmon construction and nlaintenance loads (e.g. service vehicles), and 
accidental situations. These loads give rise to vertical and horizontal, static and dynaInic 
forces. 

NOTE] Loads due to cycle traffic are generally much lower than those due to pedestrian traffic, and the 
values given in this section are based on the frequent or occasional presence of pedestrians on cycle lanes. 
Special consideration may need to be given to loads due to horses or cattle for individual projects. 

NOTE 2 The load models defined in this section do not describe actual loads. They have been selected so 
that their effects (with dynamic amplification included where mentioned) represent the effects of actual 
traffic. 
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(2) Actions for accidental design situations due to collision should be represented by 
static equivalent loads. 

5.2.2 Loading classes 

(1) Loads on footbridges n1ay differ depending on their location and on the possible 
traffic flow of son1e vehicles. These factors are mutually independent and are 
considered in various clauses given below. Therefore no general classification of these 
bridges needs to be defined. 

5.2.3 Application of the load models 

(1) The same models, service vehicle excepted (see 5.3.2.3), should be used for 
pedestrian and cycle traffic on footbridges, on the areas of the deck of road bridges 
limited by pedestrian parapets and not included in the carriageway as defined in 1.4.2 
(footways as defined in this Part of EN 1991) and on the footpaths of rail way bridges. 

(2) Other appropriate models should be defined for inspection gangways within the 
bridges and for platforms on railway bridges. 

NOTE Such models can be defined in the National Annex or for the individual project. The 
recommended models, to be used separately in order to get the most unfavourable effects, are an 
uniformly distributed load of 2 kN/m2 and a concentrated load of 3 kN applicable to a square surface of 
O,20xO,20 m2

. 

(3) For each individual application, the models of vertical loads should be applied 
anywhere within the relevant areas so that the most adverse effect is obtained. 

NOTE Tn other terms, these actions are free actions. 

5.3 Static nlodels for vertical loads - characteristic values 

5.3.1 General 

(1) Characteristic loads are intended for the determination of pedestrian or cycle-track 
static load effects associated with ultimate limit-states verifications and particular 
serviceability verifications. 

(2) Three models, mutually exclusive, should be taken into account, as relevant. They 
consist of : 

- a uniformly distributed load, qfk 

a concentrated load Qfwk' and 

- loads representing service vehicles, Qserv' 

(3) The characteristic values of these load models should be used for both persistent and 
transient design situations. 
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(1) For road bridges supporting footways or cycle tracks, a uniformly distributed load 
qfk should be defined (Figure 5.1). 

Figure 5.1 - Characteristic load on a footway (or cycle track) 

NOTE The characteristic value qtK may be defined in the National Annex or for the individual project. 

The recommended value is qfk = 5 kN/m2
• 

(2) For the design of footbridges, a uniformly distributed load qfk should be defined and 

applied only in the unfavourable parts of the influence surface, 10ngitudinalJy and 
transversall y. 

NOTE Load Model 4 loading) defined in 4.3.S, corresponding to qlk S kN/m2, may be specified 

to cover the static effects of a continuous dense crowd where such a risk exists. \Vhere the application of 
Load Model 4 defined in 4.3.S is not required for footbridges, the recommended value for qlk is : 

qfl; 2,0+ 120 kN/m 2 

. L+30 

(S.I) 

where: 
L is the loaded length in [ml 

5.3.2.2 Concentrated load 

(1) The characteristic value of the concentrated load Qfwk should be taken equal to 10 

kN acting on a square surface of sides 0,10 m. 

NOTE The characteristic value of the load as well as the dimensions may be adjusted in the National 
Annex. The values in this clause are recommended. 

(2) Where, in a verification, and local effects can be distinguished, the 
concentrated load should be taken into account only for local effects. 
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(3) If, for a footbridge, a serVIce vehicle, as n1entioned in 5.3.2.3 is spedfied, 
QJwk should not be considered. 

5.3.2.3 Service vehicle 

(l)P When service vehicles are to be carried on a footbridge or footway, one service 
vehicle Qserv shaH be taken into account. 

NOTE J This vehicle may be a vehicle for maintenance, emergencies ambulance, or other 
services. The characteristics of this vehicle (axle \veight and spacing, contact area of wheels), the 
dynamic amplification and all other appropriate loading rules may be defined for the individual project or 
in the National Annex. If no information is available and if no permanent obstacle prevents a vehicle 
being driven onto the bridge deck, the use of the vehicle defined in 5.6.3 as the service vehicle 
(characteristic load) is recommended; in this case, there will be no need to apply i.e. to consider the 
same vehicle as accidental. 

NOTE 2 Service vehicle needs not be considered if permanent provisions are made to prevent access 
of all vehicles to the footbridge. 

NOTE 3 Several service vehicles, mutually exclusive, may have to be taken into account and may be 
defined for the individual project. 

5.4 Static model for horizontal forces - Characteristic values 

(l) For footbridges only, a horizontal force Qt1k should be taken into account, acting 

along the bridge deck axis at the pavement level. 

(2) The characteristic value of the horizontal force should be taken equal to the greater 
of the following two values: 

10 cent of the total load corresponding to the uniformly distributed load (5.3.2.1), 
- 60 per cent of the total weight of the service vehicle, if relevant (5.3.2.3-(l)P). 

NOTE The characteristic value of the horizontal force may be defined in the National Annex or for the 
individual project. The values in this clause are recommended. 

(3) The horizontal force is considered as acting simultaneously with the corresponding 
vertical load, and in no case with the concentrated load Qfwk' 

NOTE This force is normally sufficient to ensure the horizontal longitudinal stability of footbridges. It 
does not ensure horizontal transverse stability, which should be ensured by considering other actions or 
by appropriate design measures. 

5.5 Groups of traffic loads on footbridges 

(l)When relevant, the vertical loads and horizontal forces due to traffic should be taken 
into account by considering groups of loads defined in Table 5.1. Each of these groups 
of loads, which are 11lutually exclusive, should be considered as defining a characteristic 
action for cornbination with non-traffic loads. 
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Table 5.1 - Definition of groups of loads (characteristic values) 

Load type Vertical forces Horizontal 
forces 

Load system Uniformly Service vehicle 
distributed load 

Groups grl qfk 0 Qllk 

of loads gr2 0 Qserv Qnk 

(2) For any cOlubination of traffic loads together with actions specified in other Parts of 
EN 1991, any such group should be considered as one action. 

NOTE For the individual components of the traffic loads on footbridges, the other representative values 
are defi ned in EN 1990, A2. 

5.6 Actions for accidental design situations for footbridges 

5.6.1 General 

(1) Such actions are due to : 

road traffic under the bridge (i.e. collision) or 

the accidental presence of a heavy vehicle on the bridge. 

NOTE Other collision forces 
Annex. 

2.3) may be defined for the individual project or in the National 

5.6.2 Collision forces from road vehicles under the bridge 

(1) The measures to protect a footbridge should be defined. 

NOTE Footbridges (piers and decks) are generally much more sensitive to collision forces than road 
bridges. Designing them for the same collision load may be unrealistic. The most effeclive way to take 
collision into account general1y consists of protecting the footbridges: 

by road restraint systems at appropriate distances before piers, 
by a higher clearance than for neighbouring road or railway bridges over the same road in the 
absence of intermediate access to the road. 

5.6.2.1 Collisiollforces Oil piers 

(1) Forces due to the collision of abnormal height or aberrant road vehicles with piers or 
with the supporting 111elubers of a footbridge or ran1ps or stairs should be taken into 
account. 

NOTE The National Annex may define: 
rules to protect the bridge from vehicular collision forces, 
when vehicular collision forces are to be taken into account (e.g. with reference to a safety distance 
between piers and the edge of the carriageway), 
the magnitude and location of vehicular collision forces, 
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and also the limit states to be considered. 
For stiff piers the following minimum values are recommended: 
a) Impact force : 1000 kN in the direction of vehicle travel or 500 kN perpendicular to that 
direction; 
b) Height above the level of adjacent ground surface: 1,25 m. 
See also EN 1991-1-7. 

5.6.2.2 Collision forces Oil decks 

(1) An adequate vertical clearance between the ground surface and the soffit of the deck 
above should be ensured in the design, when relevant. 

NOTE 1 The National Annex or the individual project may define collision forces depending on the 
vertical clearance. See also EN 1991-1-7. 

NOTE 2 The possibility of collision by vehicles having an abnormal or illegal height may have to be 
taken into account. 

5.6.3 Accidental presence of vehicles on the bridge 

(1)P If no permanent obstacle prevents a vehicle from being driven onto the bridge 
deck, the accidental presence of a vehicle on the bridge deck shall be taken into account. 

(2) For such a situation, the following load model should be used, consisting of a two­
axle load group of 80 and 40 kN, separated by a wheel base of 3 m (Figure 5.2), with a 
track (wheel-centre to wheel-centre) of 1,3 m and square contact areas of side 0,2m at 
coating level. The braking force associated with the load model should be 60% of the 
vertical load. 

1,30 m 

Key 
x : Bridge axis direction 
Qsvl = 80 kN 
Qsv2 = 40 kN 

Figure 5.2 - Accidental loading 

NOTE I See the note in 5.3.2.3-(l)P. 
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NOTE 2 If relevant, other characteristics of the load model may be defined in the National Annex or for 
the individual project. The model defined in this clause is recommended. 

(3) No variable action should be taken into account simultaneously with the load nlodel 
defined in 5.6.3(2). 

5.7 Dynamic models of pedestrian loads 

(1) Depending on the dynamic characteristics of the structure, the relevant natural 
frequencies (corresponding to vertical, horizontal, torsional vibrations) of the main 
structure of the bridge deck should be determined fron1 an appropriate structural model. 

NOTE Vibrations of footbridges may have various origins, e.g. pedestrians, who can walk, run, jump or 
dance, wind, vandals, etc. 

(2) Forces exerted by pedestrians with a frequency identical to one of the natural 
frequencies of the bridge can result into resonance and need to be taken into account for 
limit state verifications in relation with vibrations. 

NOTE Effects of pedestrian traffic on a footbridge depend on various factors as, for example, the number 
and location of people likely to be simultaneously on the bridge, and also on external circumstances, more 
or less linked to the location of the bridge. In the absence of significant response of lhe bridge, a 
pedestrian normally walking exerts on it the following simultaneous periodic forces: 

in the vertical direction, with a frequency range of between 1 and 3 Hz, and 
in the horizontal direction, with a frequency range of between 0,5 and 1,5 Hz. 

Groups of joggers may cross a footbridge with a frequency of 3 Hz. 

(3) Appropriate dynamic models of pedestrian loads and conlfort criteria should be 
defined. 

NOTE The dynamic models of pedestrian loads and associated comfort criteria may be defined in the 
National Annex or for the individual project. See also EN 1990, A2. 

5.8 Actions on parapets 

(1) For footbridges, pedestrian parapets should be designed in accordance with rules 
given in 4.8. 

5.9 Load model for abutments and walls adjacent to bridges 

(1) The area external to a carriageway and located behind abutments, wing walls, side 
walls and other parts of the bridge in contact with earth, should be loaded with a 
unifonnly distributed vertical load of 5 kN/n12. 

NOTE 1 This load does not cover the effects of heavy construction vehicles and other lorries commonly 
used for the placing of the backfill. 

NOTE 2 The characteristic value may be adjusted for the individual project. 
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Section 6 Rail traffic actions and other actions specifically for railway 
bridges 

6.1 Field of application 

(l)P This section applies to rail traffic on the standard track gauge and wide track gauge 
European n1ainline network. 

(2) The 10admode1s defined in this section do not describe actual loads. They have been 
selected so that their effects, with dynanlic enhancements taken into account separately, 
represent the effects of service traffic. Where traffic outside the scope of the load 
1110dels specified in this Part needs to be considered, then alternative load Inodels, with 
associated combination rules, should be specified. 

NOTE The alternative load models with associated combination rules may be defined in the National 
Annex or for the individual project. 

(3)P This section is not applicable for actions due to: 
narrow-gauge railways, 
tramways and other light railways, 
preservation railways, 
rack and pinion railways, 
funicular railways. 

The loading and characteristic values of actions for these types of railways should be 
specified. 

NOTE The loading and characteristic values of actions for these types of railways may be defined in the 
National Annex or for the individual project. 

(4) Requirements are specified in EN 1990 A2 for the limits of deformation of structures 
carrying rail traffic to maintain the safety of operations and to ensure the comfort of 
passengers etc .. 

(5) Three standard mixes of rail traffic are given as a basis for calculating the fatigue life of 
structures (see annex D). 

(6) The self-weight of non-structural elements includes the weight of elements such as, for 
exmnple, noise and safety barriers, signals, ducts, cables and overhead line equipment 
(except the forces due to the tension of the contact wire etc.). 

(7) The design should pay special attention to temporary bridges because of the flexibility 
of SaIne types of ten1porary structures. The loading and requirements for the design of 
ten1porary bridges should be specified. 

NOTE The loading requirements for the design of temponu'y railway bridges, which may generally be based 
011 this document, may be specified in the National Annex or for the individual project. Special requirements 
may also be given in the National Annex or for the individual project for temporary bridges depending upon 
the conditions in which they are used speciaJ requirements are needed for skew bridges). 
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(1) General rules are given for the calculation of the associated dynamic effects, 
centrifugal forces, nosing force, traction and braking forces and aerodynaIllic actions 
due to passing rail traffic. 

(2) Actions due to railway operations are given for: 
- vertical loads: Load Models 71, SW (SW/O and SW/2), "unloaded train" and HSLM 

(6.3 and 6.4.6. L 1), 
vertical loading for earthworks (6.3.6.4), 
dynanuc effects (6.4), 
centrifugal forces (6.5.1), 
nosing force (6.5.2), 
traction and braking forces (6.5.3), 
aerodynamic actions fronl passing trains (6.6), 
actions due to overhead line equipment and other railway infrastructure and equiplnent 
(6.7.3). 

NOTE Guidance is given on the evaluation of the combined response of structure and track to variable 
actions (6.5.4). 

(3) Derailment actions for Accidental Design Situations are given for: 
the effect of rail traffic derailtnent on a structure carrying rail traffic (6.7.1). 

6.3 Vertical loads - Characteristic values (static effects) and eccentricity and 
distribution of loading 

6.3.1 General 

(l) RaiJ traffic actions are defined by means of load 1110dels. Five nlodels of raHway 
loading are given: 
- Load Model 71 (and Load Model SW/O for continuous bridges) to represent normal 

rail traffic on mainline railways, 
- Load Model SW 12 to represent heavy loads, 

Load Model HSLM to represent the loading from passenger trains at speeds exceeding 
200 kmlh, 
Load Model "unloaded train" to represent the effect of an unloaded train. 

NOTE Requirements for the application of load models are given in 6.8.1. 

(2) Provision is 111ade for varying the specified loading to allow for differences in the 
nature, volume and maxiInum weight of rail traffic on different railways, as well as 
different qualities of track. 

6.3.2 Load Model 71 

(1) Load Model 71 represents the static effect of vertical loading due to nornlal rail traffic. 

(2)P The load arrangement and the characteristic values for velticalloads shall be taken as 
shown in Figure 6.1. 
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Q vk=250kN 250kN 250kN 250kN 

q vk == 80kN/m 1 1 1 1 q vk =80kN/m 

fII r 1111111 _! II r r r r I r If 
(1) ~ 1,6m 4. 1,6m ~ 1,6m ~ (1) 

Key 
(1) No limitation 

Figure 6.1 - Load Model 71 and characteristic values for vertical loads 

(3)P The characteristic values given in Figure 6.1 shall be multiplied by a factor a, on lines 
carrying rail traffic which is heavier or lighter than normal rail traffic. When multiplied by 
the factor a the loads are called "classified vertical loads" . This factor a shall be one of the 
following: 

0,75 - 0,83 - 0,91 - 1,00 - 1,10 - 1,2] 1,33 - 1.46 

The actions listed below shaH be multiplied by the same factor a: 
- equivalent vertical loading for earthworks and earth pressure effects according to 

6.3.6.4, 
- centrifugal forces according to 6.5.1, 
- nosing force according to 6.5.2 (multiplied by a for a ~ 1 only), 
- traction and braking forces according to 6.5.3, 
- con1bined response of structure and track to variable actions according to 6.5.4, 

derailment actions for Accidental Design Situations according to 6.7.1(2), 
- Load Model SW /0 for continuous span bridges according to 6.3.3 and 6.8.1 (8). 

NOTE For international lines it is recommended to take a 2:': 1,00. The factor a may be specified in the 
National Annex or for the individual project. 

(4)P For checking limits of deflection classified vertical loads and other actions enhanced 
by a in accordance with 6.3.2(3) shall be used (except for passenger comfort where a 
shall be taken as unity). 

6.3.3 Load Models SW /0 and SW /2 

(1) Load Model SW 10 represents the static effect of vertical loading due to normal rail 
traffic on continuous beams. 

(2) Load Model SW/2 represents the static effect of veltical loading due to heavy rail 
traffic. 

(3)P The load arrangement shall be taken as shown in Figure 6.2, with the characteristic 
values of the velticalloads according to Table 6.1. 
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r 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
a c a 

Figure 6.2 - Load Models SW /0 and SW /2 

Table 6.1 • Characteristic values for vertical loads for Load Models SW /0 and 
SW/2 

Load qvk a c 
Mode] [kN/m] [ITl] [m] 
SWIO 133 15,0 5,3 
SW/2 150 25,0 7,0 

(4)P The lines or section of line over which heavy rail traffic may operate where Load 
Model SW/2 shalI be taken into account shall be designated. 

NOTE The designation may be made in the National Annex or for the individual project. 

(5)P Load Model SWIO shall be multiplied by the factor a in accordance with 6.3.2(3). 

6.3.4 Load Model "unloaded train" 

(1) For some specific verifications (see EN 1990 A2, § 2.2.4(2)) a particular load tnodel is 
used, called "unloaded train". The Load Model "unloaded train" consists of a vertical 
uniformly distributed load with a characteristic value of 10,0 kN/m. 

6.3.5 Eccentricity of vertical loads (Load Models 71 and SW 10) 

(I)P The effect of lateral displacement of vertical loads shall be considered by taking the 
ratio of wheel loads on all axles as up to 1,25: 1,00 on anyone track. The resulting 
eccentricitye is shown in Figure 6.3. 

Eccentricity of vertical loads may be neglected when considering fatigue. 

NOTE Requirements for taking into account the position and tolerance in position of tracks are given in 
6.8.1. 
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q v1 + q v2 

0v1 + 0v2 
q vi ' q v2 ,0 vi ' 

q v2 ' °V1 + 

!l..::&.., ° v2 

qvi ° v1 

Key 
(1) Uniformly distributed load and point loads on each rail as appropriate 
(2) LM 71 (and SW/O where required) 
0) Transverse distance between wheel loads 

e 

r 

Figure 6.3 - Eccentricity of vertical loads 

6.3.6 Distribution of axle loads by the rails, sleepers and ballast 

(1 ) 

(2) 

1,25 

..L-
18 

(3) 

(1) Subclauses 6.3.6.1 to 6.3.6.3 are applicable to Real Trains, Fatigue Trains, Load 
Models 71, SW 10, SW 12, the "unloaded train" and HSLM except where stated otherwise. 

6.3.6.1 Longitudinal distribution of a point force or wheel load by the rail 

(l) A point force in Load Model 71 (or classified vertical load in accordance with 6.3.2(3) 
where required) and HSLM (except for HSLM-B) or wheel load may be distributed over 
three rail support points as shown in Figure 6.4 below: 

Key 

8 

~ 

°Vi/2 

°Vi/4 , ~ , °vi/4 

8 8 8 8 

is the point force on each rail due to Load Model 71 or a wheel load of a Real Train in accordance 
with 6.3.5, Fatigue Train or HSLM (except for HSLM-B) 

a is the distance between rail support points 

Figure 6.4 - Longitudinal distribution of a point force or wheel load by the rail 
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(1) Generally the point loads of Load Model 71 only (or classified vertical load in 
accordance with 6.3.2(3) where required) or an axle load may be distributed unifonnly in 
the longitudinal direction (except where local load effects are significant, e.g. for the 
design of local floor elements, etc.). 

(2) For the design of local floor elements etc. (e.g. longitudinal and transverse ribs, rail 
bearers, cross girders, deck plates, thin concrete slabs, etc.), the longitudinal distribution 
beneath sleepers as shown in Figure 6.5 should be taken into account, where the reference 
plane is defined as the upper surface of the deck. 

Key 
(1) Load on sleeper 

Reference plane 

:;j \ 
V ~ (2) 

Figure 6.5 - Longitudinal distribution of load by a sleeper and ballast 

6.3.6.3 Transverse distribution of actions by the sleepers and ballast 

(1) On bridges with ballasted track without cant, the actions should be distributed 
transversely as shown in Figure 6.6. 
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Key 
(I) Reference plane 

Figure 6.6 - Transverse distribution of actions by the sleepers and ballast, track 
without cant (effect of eccentricity of vertical loads not shown) 

(2) On bridges with ballasted track (without cant) and full length sleepers, where the 
ballast is only consolidated under the rails, or for duo-block sleepers, the actions should be 
distributed transversely as shown in Figure 6.7. 

Key 
(1) Running surface 
(2) Reference plane 

(1) 

(2) 

htffftfftf 08 

Figure 6.7 - Transverse distribution of actions by the sleepers and ballast, track 
without cant (effect of eccentricity of vertical loads not shown) 

(3) On bridges with ballasted track with cant the actions should be distributed transversely 
as shown in Figure 6.8. 
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(1 ) 

Figure 6.8 - Transverse distribution of actions by the sleepers and ballast, track 
with cant (effect of eccentricity of vertical loads not shown) 

(4) On bridges with ballasted track and cant and for full length sleepers, where the ballast 
is only consolidated under the rails, or for duo-block sleepers, Figure 6.8 should be 
modified to take into account the transverse load distribution under each rail shown in 
Figure 6.7. 

(5) The transverse distribution to be used should be specified. 

NOTE The individual project may specify the transverse distribution to be used. 

6.3.6.4 Equivalent vertical loading for earthworks and earth pressure effects 

(1) For globaJ effects, the equivalent characteristic vertical loading due to rail traffic 
actions for earthworks under or adjacent to the track may be taken as the appropriate load 
model (LM71 (or classified vertical load in accordance with 6.3.2(3) where required) and 
SW/2 where required) unifornlly distributed over a width of 3,00 m at a level 0,70 m 
below the running surface of the track. 

(2) No dynamic factor or enhancement needs to be applied to the above uniformly 
distributed load. 

(3) For the design of local elelnents close to a track (e.g. ballast retention walls), a special 
calculation should be carried out taking into account the maximum local vertical, 
longitudinal and transverse loading on the elelnent due to rail traffic actions. 
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6.3.7 Actions for non-public footpaths 

NOTE The individual project may specify alternative requirements for non-public footpaths, 
maintenance walkways or platforms etc. 

(1) Non-pubJic footpaths are those designated for use by only authorised persons. 

(2) Pedestrian, cycle and general maintenance loads should be represented by a uniformly 
distributed load with a characteristic value qfk = 5 kN/m2• 

(3) For the design of local elenlents a concentrated load Qk = 2,0 kN acting alone should 
be taken into account and applied on a square surface with a 200 mm side. 

(4) Horizontal forces on parapets, partition walls and barriers due to persons should be 
taken as category Band Cl of EN 1991-1-1. 

6.4 Dynamic effects (including resonance) 

6.4.1 Introduction 

(1) The static stresses and deformations (and associated bridge deck acceleration) 
induced in a bridge are increased and decreased under the effects of moving traffic by 
the following: 

the rapid rate of loading due to the speed of traffic crossing the structure and the 
inertial response (impact) of the structure, 
the passage of successive loads with approxiInately uniform spacing which can 
excite the structure and under certain circulnstances create resonance (where the 
frequency of excitation (or a multiple there of) matches a natural frequency of the 
structure (or a multiple there of), there is a possibility that the vibrations caused by 
successive axles running onto the structure will be excessive), 

- variations in wheel loads resulting from track or vehicle imperfections (including 
wheel irregularities. 

(2)P For determining the effects (stresses, deflections, bridge deck acceleration etc.) of 
rail traffic actions the above effects shall be taken into account. 

6.4.2 Factors influencing dynamic behaviour 

(1) The principal factors which influence dynamic behaviour are: 
i) the speed of traffic across the bridge, 
ii) the span L of the element and the influence line length for deflection of the 

elenlent being considered, 
iii) the mass of the structure, 
iv) the natural frequencies of the whole structure and relevant elements of the 

structure and the associated mode shapes (eigenforms) along the line of the track, 
v) the nUinber of axles, axle loads and the spacing of axles, 
vi) the daInping of the structure, 
vii) vertical irregularities in the track, 
viii) the unsprung/sprung mass and suspension characteristics of the vehicle, 
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ix) the presence of regularly spaced supports of the deck slab and/or track (cross 
girders, sleepers etc.), 

x) vehicle imperfections (wheel fJats, out of round wheels, suspension defects etc.), 
xi) the dynamic characteristics of the track (ballast, sleepers, track components etc.). 

These factors are taken into account in 6.4.4 to 6.4.6. 

NOTE There are no specific del1ection limits specified for avoiding resonance and excessive vibralion 
effects. See EN 1990 A2 for dellection criteria for lraffic safety and passenger comfort etc. 

6.4.3 General design rules 

(l)P A static analysis shall be carried out with the load models defined in 6.3 (LM7l 
and where required Load Models SW/O and SW/2). The results shall be nlultiplied by 
the dynalTIic factor cj) defined in 6.4.5 (and if required lTIultiplied by a in accordance 
with 6.3.2). 

(2) The criteria for deternlining whether a dynamic analysis is required are given in 
6.4.4. 

(3)P Where a dynanlic analysis is required: 
the additional load cases for the dynanlic analysis shall be in accordance with 
6.4.6.1.2. 

- maximum peak deck acceleration shall be checked in accordance with 6.4.6.5. 
- the results of the dynalnic analysis shall be compal'ed with the results of the static 

analysis multiplied by the dynmnic factor cj) in 6.4.5 (and if required ITIultiplied by a 
in accordance with 6.3.2). The most unfavourable values of the load effects shall be 
used for the bridge design in accordance with 6.4.6.5. 
a check shall be carried out according to 6.4.6.6 to ensure that the additional fatigue 
loading at high speeds and at resonance is covered by consideration of the stresses 
derived from the results of the static analysis multiplied by the dynalTIic factor cj). 

(4) All bridges where the Maximum Line Speed at the Site is greater than 200 klnlh or 
where a dynanlic analysis is required should be designed for characteristic values of 
Load Model 71 (and where required Load Model SW/O) or classified vertical loads with 
a 2 1 in accordance with 6.3.2. 

(5) passenger trains the allowances for dynanlic effects in 6.4.4 to 6.4.6 are valid for 
MaxiITIUm Permitted Vehicle Speeds up to 350 knllh. 

6.4.4 Requirement for a static or dynamic analysis 

(l) The requirenlents for determining whether a static or a dynamic analysis is required 
are shown in Figure 6.9. 

NOTE The National Annex may specify alternative requirements. The use of the tlow chart in Figure 6.9 
is recommended. 
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For the dynamic 
analysis use the 
eigenforms for 
torsion and for 

bending 

Eigenforms 
for bending 

sufficient 

Dynamic analysis required 
Calculate bridge deck 

acceleration and <p'dyn etc. in 
accordance with 6.4.6 (note 4) 

yes 

no 

yes 

no 

yes 

Use Tables F1 and F2 
(2) 

Dynamic analysis not 
required. 

At resonance acceleration 
check and fatigue check not 

required. 
Use tP with static analysis in 

accordance 

Figure 6.9 - Flow chart for determining whether a dynamic analysis is required 
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where: 
V 
L 
110 

is the Maximum Line Speed at the Site [kn1lh] 
is the span length [m] 
is the first natural bending frequency of the bridge loaded by pennanent 
actions [Hz] 
is the first natural torsional frequency of the bridge loaded by permanent 
actions [Hz] 
is the Maximum Nominal Speed [m/s] 
is given in annex F 

NOTE J Valid for simply supported bridges with only longitudinal line beam or simple plate behaviour 
with negligible skew effects on rigid supports. 

NOTE 2 For Tables F 1 and F2 and associated limits of validity see annex F. 

NOTE 3 A dynamic analysis is required where the Frequent Operating Speed of a Real Train equals a 
Resonant Speed of the structure. See 6.4.6.6 and annex F. 

NOTE 4 (fJdyn is the dynamic impact component for Real Trains for the structure given in 6.4.6.5(3). 

NOTE 5 Valid providing the bridge meets the requirements for resistance, deformation limits given in 
EN 1990 A2.4.4 and the maximum coach body acceleration (or associated deflection limits) 
corresponding to a very good standard of passenger comfort given in EN t 990 A2. 

NOTE 6 For bridges with a first natural frequency no within the limits given by Figure 6.10 and a 
Maximum Line Speed at the Site not exceeding 200km/h, a dynamic analysis is not required. 

NOTE 7 For bridges with a first natural frequency no exceeding the upper limit (l) in Figure 6.10 a 
dynamic analysis is required. Also see 6.4.6.1.1(7). 

The upper limit of 110 is governed by dynamic 
enhancements due to track irregularities and is 
given by : 
110 = 94,76Lo.748 (6.1 ) 

The lower limit of Jlo is governed by dynamic 
impact criteria and is given by : 

flO 80lL 
for 4m::; L::; 20m 

no 23,58L-o,592 

for 20m < L::; 100m (6.2) 

where: 

110 is the first natural frequency of the bridge 
taking account of mass due to permanent 
actions, 
L is the span length for simply supported 
bridges or Let> for other bridge types. 
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Figure 6.10 - Limits of bridge natural frequency no [Hz] as a function of L [m] 
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NOTE 8 For a simply supported bridge subjected to bending only, the natural frequency may be 
estimated Llsing the formula: 

17.75 (61) 1101Hz] .. 

where: 

4) is the deflection at mid span due to permanent actions [mm] and is calculated, using a short term 
modulus for concrete bridges, in accordance with a loading period appropriate to the natural 
frequency of the bridge. 

6.4.5 Dynanlic factor (/) (t/Jz., f/J:,) 

6.4.5.1 Field of application 

(1) The dynamic factor (j) takes account of the dynamic magnification of stresses and 
vibration effects in the structure but does not take account of resonance effects. 

(2)P Where the criteria specified in 6.4.4 are not satisfied there is a risk that resonance 
or excessive vibration of the bridge may occur (with a possibility of excessive deck 
accelerations leading to ballast instability etc. and excessive deflections and stresses 
etc.). For such cases a dynamic analysis shall be carried out to calculate impact and 
resonance effects. 

NOTE Quasi static methods which use static load effects multiplied by the dynamic factor (I> defined in 
6.4.5 are unable to predict resonance effects from high speed trains. Dynamic analysis techniques, which 
take into account the time dependant nature of the loading from the High Speed Load Model (HSLM) and 
Real Trains (e.g. by solving equations of motion) are required for predicting dynamic effects at 
resonance. 

(3) Structures carrying more than one track should be considered without any reduction 
of dynan1ic factor (j). 

6.4.5.2 Definition of the dynalnic factor (/) 

(l)P The dynamic factor (/) which enhances the static load effects under Load Models 71, 
SW /0 and SW /2 shall be taken as either (/)2 or c[J3. 

(2) Generally the dynamic factor (/) is taken as either (/)2 or ctJ:, according to the quality of 
track maintenance as follows: 

(a) For carefully maintained track: 

<P2 = 1,44 + 0,82 
0,2 

with: 1,00 s ~ S 1,67 

(b) For track with standard maintenance: 

2,16 +0,73 
0,2 

78 

(6.4) 

(6.5) 



with: 1,00 ::; (/):, ::; 2,0 

where: 

BS EN 1991-2:2003 
EN 1991·2:2003 (E) 

LeI) HDetenninant" length (length associated with r/J) defined in Table 6.2 [m]. 

NOTE The dynamic factors were established for simply supported girders. The length LJ) allows these 
factors to be used for other structural members with different support conditions. 

(3)P If no dynamic factor is specified ~ shall be used. 

NOTE The dynamic factor to be used may be specified in the National Annex or for the individual 
project. 

(4)P The dynamic factor r/Jshall not be used with: 
the loading due to Real Trains, 
the loading due to Fatigue Trains (annex D), 

- Load Model HSLM (6.4.6.1.1(2)), 
the load n10del "unloaded train" (6.3.4). 

6.4.5.3 Detenninant length Lcp 

(1) The determinant lengths Lcp to be used are given in the Table 6.2 below. 

NOTE Alternative values of Lt:J> may be specified in the National Annex. The values given in Table 6.2 
are recommended. 

(2) Where no value of L e[) is specified in Table 6.2 the determinant length should be 
taken as the length of the influence line for deflection of the elen1ent being considered 
or alternative values should be specified. 

NOTE The individual project may specify alternative values. 

(3) If the resultant stress in a structuralmen1ber depends on several effects, each of which 
relates to a separate structural behaviour, then each effect should be calculated using the 
appropriate determinant length. 
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Table 6.2 - Deternlinant lengths L(p 

Case Structural element Determinant length L(p 
Steel deck plate: closed deck with ballast bed (orthotropic deck plate) (for local and 
transverse stresses) 

Deck with cross girders and 
continuous longitudinal ribs: 

1.1 Deck plate (for both directions) 3 times cross girder spacing 

1.2 Continuous longitudinal ribs 3 times cross girder spacing 
(including small cantilevers up to 
O,50mt 

1.3 Cross girders Twice the length of the cross girder 

1.4 End cross girders 3,6m b 

2.1 

2.2 

Deck plate with cross girders 
only: 

Deck plate (for both directions) 

Cross girders 

Twice cross girder spacing + 3 m 

Twice cross girder spacing + 3 ill 

2.3 End cross girders 3,6m b 

Steel grillage: open deck without ballast bed b (for local and transverse stresses) 
3.1 Rail bearers: 

3.2 

3.3 

- as an element of a continuous 
grillage 

- simply supported 

Cantilever of rail bearer a 

Cross girders (as part of cross 
girder/ continuous rail bearer 
grillage) 

3 times cross girder spacing 

Cross girder spacing + 3 m 

3,6m 

Twice the length of the cross girder 

3.4 End cross girders 3,6m b 

a In general all cantilevers greater than 0,50 m supporting rail traffic actions need a special study in 
accordance with 6.4.6 and with the loading agreed with the relevant authority specified in the National Annex. 
b It is recommended to apply (/J3 
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Table 6.2 (continued) 

Case Structural element Determinant length L(J) 
Concrete deck slab with ballast bed (for local and transverse stresses) 

4.1 Deck slab as part of box girder or 
upper flange of main bealn 

spanning transversely to the main 3 times span of deck plate 
girders 

- spanning in the longitudinal 3 tin1es span of deck plate 
direction 

- cross girders Twice the length of the cross girder 

- transverse cantilevers supporting 
railway loading 

- r 
f + 

1 

Do~<l 

--~ B 
~ --

- e ~ 0,5 n1: 3 
the webs 

the distance between 

- e > 0,5 m: a 

Figure 6.11 Transverse cantilever 
supporting railway loading 

4.2 Deck slab continuous (in main 
girder direction) over cross girders 

Twice the cross girder spacing 

4.3 Deck slab for half through and 
trough bridges: 
- spanning perpendicular to the Twice span of deck slab + 3n1 

main girders 
- spanning in the longitudinal Twice span of deck slab 

direction 

4.4 Deck slabs spanning transversely 
between longitudinal steel bean1s in 
filler beam decks 

Twice the determinant length in the 
longitudinal direction 

4.5 

4.6 

Longitudinal cantilevers of deck 
slab 

End cross girders or trimmer beams 

- e ~ 0,5 m: 3,6m b 

e > 0,5 m: a 

36m b , 

a In general all cantilevers greater than 0,50 m supporting rail traffic actions need a special study in accordance 
with 6.4.6 and with the loading agreed with the relevant authority specified in the National Annex. 
b It is recommended to apply (/)3 

NOTE For Cases 1.1 to 4.6 inclusive L<!J is subject to a maximum of the determinant length of the main girders. 
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Case 
Main girders 

Table 6.2 (continued) 

Structural element 

5.1 Simply supported girders and slabs 
(including steel bealTIs embedded in 
concrete) 

Girders and slabs continuous over n spans 
with 

Determinant length LCD 

Span in nlain girder direction 

L<t> = k x Lnh (6.7) 
but not less than max Li (i 1, ... , n) 

L111 = lin (L I + + .. + Ln ) (6.6) n = 2 3 4 ~5 

5.3 Portal franles and closed frames or boxes: 

5.4 

5.5 

5.6 

- single-span 

- nlulti-span 

Single arch, archrib, stiffened girders of 
bowstrings 

Series of arches with solid spandrels 
retaining fill 

Suspension bars (in conjunction with 
stiffening girders) 

Structural supports 

k 1,2 1,3 1,4 1,5 

Consider as three-span continuous beam 
(use 5.2, with vertical and horizontal 
lengths of members of the fralne or box) 

Consider as mUlti-span continuous beam 
(use 5.2, with lengths of end vertical 
menlbers and horizontal menlbers) 

Half span 

Twice the clear opening 

4 times the longitudinal spacing of the 
suspension bars 

6 Columns, trestles, bearings, uplift Deternlinant length of the supported 
bearings, tension anchors and for the members 
calculation of contact pressures under 
bearings. 

6.4.5.4 Reduced dynalnic effects 

(1) In the case of arch bridges and concrete bridges of all types with a cover of more than 
1,00 m, ~ and ~ may be reduced as follows: 

(6.8) 

where: 
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h is the height of cover including the ballast from the top of the deck to the top of the 
sleeper, (for arch bridges, from the crown of the extrados) [m]. 

(2) The effects of rail traffic actions on columns with a slenderness (buckling length/radius 
of gyration) < 30, abuttnents, foundations, retaining walls and ground pressures may be 
calculated without taking into account dynamic effects. 

6.4.6 Requirements for a dynamic analysis 

6.4.6.1 Loading and load cOlnbinations 

6.4.6.1.1 Loading 

(t)P The dynamic analysis shall be undertaken using characteristic values of the loading 
from the Real Trains specified. The selection of Real Trains shall take into account each 
permitted or envisaged train formation for every type of high speed train permitted or 
envisaged to use the structure at speeds over 200kmlh. 

NOTE 1 The individual project may specify the characteristic axle loads and spaci ngs for each 
configuration of each required Real Train. 

NOTE 2 Also see 6.4.6.1.1(7) for loading where a dynamic analysis is required for a Maximum Line 
Speed at the Site less than 200km/h. 

(2)P The dynamic analysis shall also be undertaken using Load Model HSLM on 
bridges designed for international lines where European high speed interoperability 
criteria are applicable. 

NOTE The individual project may specify when Load Model HSLM is to be used. 

(3) Load Model HSLM comprises of two separate Universal Trains with variable coach 
lengths, HSLM-A and HSLM-B. 

NOTE HSLM-A and HSLM-B represent the dynamic load effects of articulated, conventional 
and high speed passenger trains in accordance with the requirements for the European Technical 
Specification for Interoperability given in E.1. 

(4) HSLM-A is defined in Figure 6.12 and Table 6.3: 
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NxD 
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II Ill! ~ Ji Ji 
~ , ~ D ~ 

3,525 

Key 
(I) Power car (leading and trailing power cars identical) 
(2) End coach (leading and trailing end coaches identical) 
(3) Intermediate coach 

Figure 6.12 - HSLM-A 

Table 6.3 - HSLM .. A 

Universal Nutnber of Coach length 
Train intermediate coaches D [m] 

N 

Al 18 18 
A2 17 19 
A3 16 20 
A4 15 2J 
AS 14 22 
A6 13 23 
A7 13 24 
A8 12 25 
A9 11 26 
AIO 11 27 

Bogie axle 
spacing 
d Em] 

2,0 

2,0 
3,0 
2,0 
2,0 
2,0 
2,5 
2,0 
2,0 

3,525 

Point force 
P [kN] 

170 
200 
180 
190 
170 
180 
190 
190 
210 
210 

(5) HSLM-B comprises of N number point forces of 170 kN at uniform spacing d [In] 
where Nand d are defined in Figures 6.13 and 6.14: 

N x 170kN 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l 
I .. d .. I .. d .. I .. d .. I .. d .1. d .. I .. d .1. d .1. d .1. d .1. d .1. d .1. d .1. d .1. d .1. d .1 

Figure 6.13 - HSLM-B 
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Figure 6.14 - HSLM-B 

where L is the span length [nl]. 

(6) Either HSLM-A or HSLM-B should be applied in accordance with the requirements 
of Table 6.4: 

Table 6.4 - Application of HSLM-A and HSLM-B 

Structural configuration 

Silnply supported spana 

Continuous structurea 

or 

COlnplex structuree 

L<7m 

HSLM-Bb 

HSLM-A 
Trains Al to AIO 
inclusived 

Span 

L~7m 

HSLM-AC 

HSLM-A 
Trains A1 to AIO inclusived 

a Valid for bridges with only longitudinal line beam or simple plate behaviour with negligihle skew effects 
on supports. 
b For simply supported spans with a span of up to 7 m a single critical Universal Train from HSLM-B 
may be used for the analysis in accordance with 6.4.6. 1.1 (5). 

For simply supported spans with a span of 7 m or greater a single critical Universal Train from HSLM-A 
may be used for the dynamic analysis in accordance with annex E (Alternatively Universal trains A I to 
AlO inclusive may be used). 
d All Trains Al to AIO inclusive should be used in the design. 
e Any structure that does not comply with Note a above. For example a skew structure, bridge with 
significant torsional behaviour, half through structure with significant floor and main girder vibration 
modes etc. In addition, for complex structures with significant noor vibration modes (e.g. half through or 
through bridges with shallow floors) HSLM-B should also be applied. 

NOTE The National Annex or the individual project may specify additional requirements relating to the 
application of HSLM-A and HSLM-B to continuous and complex structures. 
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(7) Where the frequency limits of Figure 6.10 are not satisfied and the Maximum Line 
Speed at the Site is :::; 200 kmfh a dynalnic analysis should be carried out. The analysis 
should take into account the behaviours identified in 6.4.2 and consider: 

Train Types 1 to 12 given in annex D, 
Real Trains specified. 

NOTE The loading and methodology for the analysis may be specified for the individual project and 
should be agreed with the relevant authority specified in the National Annex. 

6.4.6.1.2 Load con1binations and partial factors 

(1) For the dynamic analysis the calculation of the value of mass associated with self 
weight and ren10vable loads (ballast etc.) should use nominal values of density. 

(2)P For the dynarnic analysis loads according to 6.4.6.1.1 (1) and (2) and where 
required 6.4.6.1.1 (7) shall be used. 

(3) For the dynan1ic analysis of the structure only, one track (the most adverse) on the 
structure should be loaded in accordance with Table 6.5. 

Table 6.5 - Summary of additional load cases 
depending upon number of tracks on bridge 

N ulnber of tracks on a Loaded Loading for dynalnic analysis 
bridge track 

1 one Each Real Train and Load Model 
HSLM (if required) travelling in the 
permitted direction( s) of travel. 

2 (Trains norn1ally either Each Real Train and Load Model 
travelling in opposite track HSLM (if required) travelling in the 
directions) a permitted direction(s) of travel. 

other None. 
track 

a For bridges carrying 2 tracks with trains normally travelling in the same directions or carrying 
:1 or more tracks with a Maximum Line Speed at the Site exceeding 200km/h the loading should 
be agreed with the relevant authority specified in the National Annex. 

(4) Where the load effects from a dynamic analysis exceed the effects from Load Model 
71 (and Load Model SWIO for continuous structures) in accordance with 6.4.6.5(3) on a 
track the load effects fron1 a dynamic analysis should be cOlnbined with: 
- the load effects froln horizontal forces on the track subject to the loading in the 

dynamic analysis, 
- the load effects from vertical and horizontal loading on the other track(s), in 

accordance with the requirements of 6.8.1 and Table 6.11. 
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(5)P Where the load effects from a dynanlic analysis exceed the effects from Load 
Model 71 (and Load Model SW 10 for continuous structures) in accordance with 
6.4.6.5(3) the dynamic rail loading effects (bending mom.ents, shears, deformations etc. 
excluding acceleration) determined from the dynamic analysis shall be enhanced by the 
partial factors given in A2 of EN 1990. 

(6)P Partial factors shall not be applied to the loading given in 6.4.6.1.l when 
detennining bridge deck accelerations. The calculated values of acceleration shall be 
directly compared with the design values in 6.4.6.5. 

(7) For fatigue, a bridge should be designed for the additional fatigue effects at 
resonance fronl the loading in accordance with 6.4.6.1.1 on anyone track. See 6.4.6.6. 

6.4.6.2 Speeds to be considered 

(l)P For each Real Train and Load Model HSLM a series of speeds up to the l\1axilnuln 
Design Speed shall be considered. The Maximum Design Speed shall be generally 1,2 x 

Maximun1 Line Speed at the site. 

The Maximunl Line Speed at the site shall be specified. 

NOTE I The individual project may specify the Maximum Line Speed at the site. 

NOTE 2 Where specified for the individual project a reduced speed may be used for checking individual 
Real Trains for 1,2 x their associated Maximum Permitted Vehicle Speed. 

NOTE 3 It is recommended that the individual project specify an increased Maximum Line Speed at the 
Site to take into account potential modifications to the infrastructure and future rolling slock. 

NOTE 4 Structures can exhibit a highly peaked response due to resonance effects. Where there is a 
likelihood of train overspeeding and exceeding either the Maximum Permitted Vehicle Speed or the 
current or envisaged Maximum Line Speed at the Site it is recommended that the individual project 
specify an additional factor for increasing the Maximum Design Speed to be used in the dynamic 
analysis. 

NOTE 5 It is recommended that the individual project specify additional requirements for checking 
structures where there is a requirement for a section of line to be suitable for commissioning tests of a 
Real Train. The Maximum Design Speed used for the Real Train should be at least 1,2 x Maximum Train 
Commissioning Speed. Calculations are required to demonstrate that safety considerations (maximum 
deck accelerations, maximum load effects, etc. ) are satisfactory for structures at speeds in excess of 200 
km/h. Fatigue and passenger comfort criteria need not be checked at 1,2 x Maximum Train 
Commissioning Speeds. 

(2) Calculations should be luade for a series of speeds from 40m/s up to the Maximum 
Design Speed defined by 6.4.6.2(1). Snlaller speed steps should be made in the vicinity 
of Resonant Speeds. 

For simply supported bridges that nlay be modelled as a line beanl the Resonant Speeds 
nlay be estimated using Equation 6.9. 

(6.9) 
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and 

40 mls ~ Vi ~Maximum Design Speed, 

where: 

is the Resonant Speed [In/sec] 
is the first natural frequency of the unloaded structure, 

(6.10) 

is the principal wavelength of frequency of excitation and Inay be estimated by: 
d 

d is the regular spacing of groups of axles 
= ], 2, 3 or 4. 

6.4.6.3 Bridge paralneters 

6.4.6.3.1 Structural darnping 

(6.11) 

(1) The peak response of a structure at traffic speeds corresponding to resonant loading 
is highly dependent upon damping. 

(2)P Only lower bound estimates of damping shall be used. 

(3) The following values of damping should be used in the dynamic analysis: 

Table 6.6 - Values of damping to be assumed for design purposes 

;Lower limit of percentage of critical damping [%] I 

Bridge Type Span L < 20m I Span L ~ 20m I 
Steel and composite ; 0,5 + 0,125 (20 - L) I ;=0,5 

I 

Prestressed concrete ;= 1,0 + 0,07 (20 - L) I ;= 1,0 
Filler beam and reinforced 1,5 + 0,07 (20 - L) 

! 

1,5 
concrete 

NOTE Alternative safe lower bound values may be used subject to the agreement of the relevant 
authority specified in the National Annex. 

6.4.6.3.2 Mass of the bridge 

(1) Maximum dynamic load effects are likely to occur at resonant peaks when a 
multiple of the frequency of loading and a natural frequency of the structure coincide 
and any underestilnation of mass will overestin1ate the natural frequency of the structure 
and overestimate the traffic speeds at which resonance occurs. 

At resonance the maxilnunl acceleration of a structure is inversely proportional to the 
mass of the structure. 

(2)P Two specific cases for the mass of the structure including ballast and track shall be 
considered: 
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a lower bound estimate of mass to predict maximun1 deck accelerations using the 
n1inimunl likely dry clean density and miniITIUm thickness of ballast, 
an upper bound estimate of lnass to predict the lowest speeds at which resonant 
effects are likely to occur using the maxirnum saturated density of dirty ballast with 
allowance for future track lifts. 

NOTE The minimum density of ballast may be taken as 1700kgl mJ
. Alternative values may be specified 

for the individual project. 

(3) In the absence of specific test data the values for the density of materials should be 
taken fro In EN 1991-1-1. 

NOTE Owing to the large number of parameters which can affect the density of concrete it is not 
possible to predict enhanced density values with sufficient accuracy for predicting the dynamic response 
of a bridge. Alternative density values may be used when the results are confirmed by trial mixes and the 
testing of samples taken from site in accordance with EN 1990, EN 1992 and ISO 6784 subject to the 
agreement of the relevant authority specified in the National Annex. 

6.4.6.3.3 Stiffness of the bridge 

(1) Maximum dynamic load effects are likely to occur at resonant peaks when a 
lnultiple of the frequency of loading and a natural frequency of the structure coincide. 
Any overestimation of bridge stiffness will overestilnate the natural frequency of the 
structure and speed at which resonance occurs. 

(2)P A lower bound estin1ate of the stiffness throughout the structure shaH be used. 

(3) The stiffness of the whole structure including the detern1ination of the stiffness 
elements of the structure may be determined in accordance with EN 1992 to EN 1994. 

Values of Young's modulus may be taken froln EN 1992 to EN 1994. 

For concrete compressive cylinder strength ick 50 N/mm1 (compressive cube strength 
j~k, cube ~ 60 N/mm2

) the value of static Young's modulus (Ecm) should be linlited to the 
value corresponding to a concrete of strength ofick = 50 N/mm2 (fck, cube = 60 Nlmln2). 

NOTE lOwing to the large number of parameters which can affect Ecm it is not possible to predict 
enhanced Young's modulus values vvith sufficient accuracy for predicting the dynamic response of a 
bridge. Enhanced ECI11 values may be used when the results are confirmed by trial mixes and the testing or 
samples taken from site in accordance with EN 1990, EN 1992 and ISO 6784 subject to the agreement of 
the relevant authority specified in the National Annex. 

NOTE 2 Other material properties may be used subject to the agreement of the relevant authority 
specified in the National Annex. 

6.4.6.4 Modelling the excitation and dynamic behaviour of the structure 

(1) The dynamic effects of a Real Train may be represented by a series of travelling 
point forces. Vehicle/structure mass interaction effects may be neglected. 

The anaJysis should take into account variations throughout the length of the train in 
axle forces and the variations in spacing of individual axles or groups of axles. 

89 



BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

(2) Where appropriate the analysis technique should allow for the following dynamic 
behaviours of the structure: 
- for c0111plex structures the proximity of adjacent frequencies and associated mode 

shapes of oscillation, 
interaction between bending and torsional modes, 

- local deck elelnent behaviour (shallow 1100rs and cross girders of half-through type 
bridges or trusses etc.), 
the skew behaviour of slabs etc. 

(3) The representation of each axle by a single point force tends to overestimate 
dynamic effects for loaded lengths of less than 10m. In such cases, the load distribution 
effects of rails, sleepers and ballast 111ay be taken into account. 

Notwithstanding 6.3.6.2(1) individual axle loads should not be distributed unifornlly in 
the longitudinal direction for a dynamic analysis. 

(4) For spans less than 30 m dynmnic vehicle/bridge mass interaction effects tend to 
reduce the peak response at resonance. Account may be taken of these effects by: 
- carrying out a dynamic vehicle/structure interactive analysis, 

NOTE The method used should be agreed with the relevant authorilY specified in the National Annex. 

increasing the value of damping assumed for the structure according to Figure 6.15. 
For continuous beams, the snlal lest value ~(for all spans should be used. The total 
damping to be used is given by : 
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Figure 6.15 - Additional damping ~([%] as a function of span length L [m] 

where: 

O,0187L-0,00064L2 0/£ 

1 0,0441L-0,0044L2 +0,000255L3 [ 0] 
(6.13) 
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t; is the lower limit of percentage of critical dan1ping [0/0] defined in 6.4.6.3.1. 

NOTE The National Annex may specify alternative values. 

(5) The increase in calculated dynmnic load effects (stresses, deflections. bridge deck 
accelerations, etc.) due to track defects and vehicle in1perfections 111ay be estimated by 
multiplying the calculated effects by a factor of: 
(1 + cp"12 ) for carefully maintained track, 
(1 + cpl!) for track with standard track Inaintenance, 

where: 

q;" is in accordance with annex C and should not be taken as less than zero. 

NOTE T'he National Annex may specify the factor to be used. 

(6) Where the bridge satisfies the upper limit in Figure 6.10 the factors that influence 
dynamic behaviours (vii) to (xi) identified in 6.4.2 may be considered to be allowed for 
in r:P, 0/'12 and 0/' given in 6.4 and annex C. 

6.4.6.5 Verificatio1ls of the linlit states 

(1)P To ensure traffic safety: 
- The verification of Inaximum peak deck acceleration shall be regarded as a traffic 

safety requirement checked at the serviceability limit state for the prevention of 
track instability. 
The dynamic enhancement of load effects shall be allowed for by Inultiplying the 
static loading by the dynamic factor (/j defined in 6.4.5. If a dynatnic analysis is 
necessary, the results of the dynamic analysis shall be compared with the results of 
the static analysis enhanced by (/J (and if required multiplied by a in accordance 
with 6.3.2) and the n10st unfavourable load effects shall be used for the bridge 
design. 
If a dynatnic analysis is necessary, a check shall be carried out according to 6.4.6.6 
to establish whether the additional fatigue loading at high speeds and at resonance is 
covered by consideration of the stresses due to load effects from (/J x LM71 (and if 
required (j) x Load Model SWIO for continuous structures and classified vertical load 
in accordance with 6.3.2(3) where required). The most adverse fatigue loading shall 
be used in the design. 

(2)P The Inaximum permitted peak design values of bridge deck acceleration calculated 
along the line of a track shall not exceed the recommended values given in A2 of EN 
1990 (see A2.4.4.2.]). 

(3) A dynatnic analysis (if required) should be used to determine the following dynamic 
enhancelnent : 

q;'dYIl = max IYdYI1 / 1- I (6.14) 

where: 
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~Yslat 
is the maxiJTIum dynamic response and ~ text deleted @il 
the corresponding nlaximUlTI static response at any particular point in the 
structural elelTIent due to a Real Train or Load Model HSLM. @il 

For the design of the bridge, taking into account all the effects of vertical traffic loads, 
the most unfavourable value of: 

(HSLMJ 
( 1 + qJ'",,, + qJ" /2 )x l ~~ (6.15) 

or 

(6.16) 

should be used where: 

HSLM is the load model for high speed lines defined in 6.4.6.1.1(2), 
LM71"+"SW/O is Load Model 71 and if relevant Load Model SW/O for continuous 

bridges (or classified vertical load in accordance with 6.3.2(3) where 
required). 

RT 
cp" 12 

is the loading due to all Real Trains defined in 6.4.6.1.1. 
is the increase in calculated dynamic load effects (stresses, deflections, 

bridge deck accelerations, etc.) resulting from track defects and 
vehicle imperfections in accordance with annex C for carefully 
maintained track ( '1/' to be used for track with standard maintenance). 

is the dynamic factor in accordance with 6.4.5. 

6.4.6.6 Additional verification for fatigue where dynalnic analysis is required 

(l)P The fatigue check of the structure shall allow for the stress range resulting fron1 
elements of the structure oscillating above and below the corresponding permanent load 
deflection due to: 

additional free vibrations set up by inlpact effects from axle loads travelling at high 
speed, 

~ the magnitude of dynamic live loading effects at resonance, 
the additional cycles of stress caused by the dynan1ic loading at resonance. 

(2)P Where the Frequent Operating Speed of a Real Train at a structure is near to a 
Resonant Speed the design shall allow for the additional fatigue loading due to 
resonance effects. 

NOTE The individual project may specify the fatigue loading, e.g. details, annual tonnage and mix of 
Real Trains and associated Frequent Operating Speeds at the site to be taken into account in the design. 

(3) Where the bridge is designed for Load Model HSLM in accordance with 6.4.6.1.1(2) 
the fatigue loading should be specified taking into account the best estimate of current 
and future traffic. 

NOTE The individual project may specify the fatigue loading e.g. details, annual tonnage and mix of 
Real Trains and associated Frequent Operating Speeds at the site to be taken into account in the design. 
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(4) For structures that satisfy annex F the Resonant Speed may be estin1ated using 
equations 6.9 and 6.10. 

(5) For the verification for fatigue a series of speeds up to a Maxin1um Nonlinal Speed 
should be considered. 

NOTE It is recommended that the individual project specify an increased Maximum Nominal Speed at 
the Site to take into account potential modifications to the infrastructure and future rolling stock. 

6.5 Horizontal forces - characteristic values 

6.5.1 Centrifugal forces 

(l)P Where the track on a bridge is curved over the whole or patt of the length of the 
bridge, the centrifugal force and the track cant shall be taken into account. 

(2) The centrifugal forces should be taken to act outwards in a horizontal direction at a 
height of 1,80m above the running surface (see Figure 1.1). For SaIne traffic types, e.g. 
double stacked containers, an increased value of ht should be specified. 

NOTE The National Annex or individual project may specify an increased value of ht• 

(3)P The centrifugal force shall always be con1bined with the vertical traffic load. The 
centrifugal force shall not be multiplied by the dynamic factor ~ or C/J:,. 

NOTE When considering the vertical effects of centrifugal loading, the vertical load effect of centrifugal 
loading less any reduction due to cant is enhanced by the relevant dynamic factor. 

(4)P The characteristic value of the centrifugal force shall be determined according to the 
following equations: 

V2 
Qrk gxr f x Qvk)=127r fXQvk) (6.17) 

where: 

Qtk, qtk 

Qvk, qvk 

f 
v 
V 
g 
r 

(6. J 8) 

Characteristic values of the centrifugal forces [kN, kN/m] 
Characteristic values of the vertical loads specified in 6.3 (excluding any 
enhancement for dynamic effects) for Load Models 71, SWIO, SW/2 and 
"unloaded train". For load model HSLM the characteristic value of 
centrifugal force should be determined using Load Model 71. 
Reduction factor (see below) 
Maximun1 speed in accordance with 6.5.1 (5) [mls] 
Maximum speed in accordance with 6.5.1(5) [kmlh] 
Acceleration due to gravity [9,81 mls2] 

Radius of curvature [m] 

In the case of a curve of varying radii, suitable mean values may be taken for the value r. 
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(5)P The calculations shall be based on the specified Maxinlunl Line Speed at the Site. In 
the case of Load Model SW 12 an alternative nlaxinlunl speed may be assunled. 

NOTE 1 The individual project may specify the requirements. 

NOTE 2 For SW/2 a maximum speed of 80km/h may be used. 

NOTE 3 It is recommended that the individual project specify an increased Maximum Line Speed at the 
Site to take into account potential modifications to the infrastructure and fUlure rolling stock. 

(6)P In addition, for bridges located in a curve, the case of the loading specified in 6.3.2 
and, if applicable, 6.3.3, shall also be considered without centrifugal force. 

(7) For Load Model 71 (and where required Load Model SW/O) and a Maximum Line 
Speed at the Site higher than 120 kmlh, the following cases should be considered: 

a) Load Model 71 (and where required Load Model SW/O) with its dynamic factor and 
the centrifugal force for V= 120 kln/h according to equations 6.17 and 6.18 with! = 1. 

b) Load Model 71 (and where required Load Model SW 10) with its dynamic factor and 
the centrifugal force according to equations 6.17 and 6.18 for the maximum speed V 
specified, with a value for the reduction factor! given by 6.5.1 (8). 

(8) For Load Model 71 (and where required Load Model SW/O) the reduction factor! is 
given by: 

(6.19) 

subject to a minilllUlll value of 0,35 where: 
Lr is the influence length of the loaded part of curved track on the bridge, which is 

most unfavourable for the design of the structural elenlent under consideration [m]. 
V is the maximum speed in accordance with 6.5.1 (5). 

! for either V::; 120 kmlh or Lr::; 2,88 m 

f < 1 for 120 kmlh < V ::; 300 kmlh 
(see Table 6.7 or Figure 6.16 or equation 6.19) 

=f(300) for V >300 kmlh. 

) 
) 
) 

and Lf > 2,88m 

For the load nl0dels SW 12 and "unloaded train" the value of the reduction factor f 
should be taken as 1,0. 
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Table 6.7 - Factor Jfor Load Model 71 and SW/O 

Maximum speed in accordance with 6.5.1(5) [km/h] 
~ 120 160 200 250 ~300 

1,00 1,00 1,00 1,00 1,00 
1,00 0,99 0,99 0,99 0,98 
1,00 0,96 0,93 0,90 0,88 
1,00 0,93 0,89 0,84 0,81 
1,00 0,92 0,86 0,80 0,75 
],00 0,90 0,83 0,77 0,71 
1,00 0,89 0,81 0,74 0,68 
1,00 0,88 0,80 0,72 0,65 
1,00 0,87 0,78 0,70 0,63 
1,00 0,86 0,76 0,67 0,59 
1,00 0,85 0,74 0,63 0,55 
1,00 0,83 0,71 0,60 0,50 
1,00 0,8] 0,68 0,55 0,45 
1,00 0,80 0,66 0,52 0,41 
1,00 0,79 0,65 0,50 0,39 
1,00 0,79 0,64 0,49 0,37 
1,00 0,78 0,63 0,48 0,36 
1,00 0,78 0,62 0,47 0,35 
1,00 0,78 0,62 0,47 0,35 
1,00 0,77 0,61 0,46 0,35 
1,00 0,76 0,60 0,44 0,35 

v:::: 120km/h 

-+--4 
-.......-. -- 160 

-.... 
----r--- 200 

~ h r-- 250 I 

E ~ ! 

~'- 0 -~300 -----... -

I 

L 
-

50 100 150 [ m] 

Figure 6.16 - Factor Jfor Load Model 71 and SW/O 
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(9) For LM71 and SW /0 centrifugal forces should be determined from equations 6.17 and 
6.] 8 using classified vertical loads (see 6.3.2(3)) in accordance with the load cases given in 
Table 6.8: 

Table 6.8 - Load Cases for centrifugal force corresponding to values of a and 
Maximum Line Speed at Site 

Value Maximum Line Centrifugal force based on : d Associated 
of a Speed at Site 

V I 
vertical traffic 

[km/h] a action based on: a 
[krnlh] 

a<l > 120 V 1 c I l C xIx ([Jxaxlx 
(LM71 "+"SW/O) (LM711!+"SW /0) 
for case 6.S.1(7)b 

120 a 1 axlx rPxaxlx 
(LM71"+"SW /0) (LM71 "+"SW/O) 
for case 6.S.1(7)a 

0 - - -

120 V a 1 axlx 
(LM71 "+"SW/O) 

0 - - -

a=l > 120 V 1 I lxIx ([Jxlxlx 
(LM71"+"SW/0) (LM71"+"SW/O) 
for case 6.S.1(7)b 

120 1 1 1 x 1 x ([Jxlxlx 
(LM71 "+"SW/O) (LM71"+"SW/0) 
for case 6.S.1(7)a 

0 - - -

::; 120 V 1 1 1 x 1 x 
(LM71 "+"SW/O) 

0 -

a>l > 120 b V 1 I 1 xIx ([Jxlx1x 
(LM71"+"SW/0) (LM71 "+"SW/O) 
for case 6.5.1 (7)b 

120 a 1 ax1x ([Jxaxlx 
(LM71 "+"SW/O) (LM71" +"SW /0) 
for case 6.S.1(7)a 

0 -

::; 120 V a 1 axlx 
(LM711+"SW/0) 

0 - -
a 0,5 X (LM71 "+"SW/O) instead of (LM71 "+"SW/O) where vertical traffic actions favourable. 
b Valid for heavy freight traffic limited to a maximum speed of 120 km/h. 
e a 1 to avoid double counting the reduction in mass of train withf 
d See 6.5.1 (3) regarding vertical effects of centrifugal loading. Vertical load effect of centrifugal loading less 
any reduction due to cant should be enhanced the relevant dynamic factor. When determining the vertical 
effect of centrifugal force, factorJto be included as shown above. 

where: 
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MaximUlll speed in accordance with 6.S.1(S) [knlih] 
Reduction factor in accordance with 6.S.1(8) 
Factor for classified vertical loads in accordance with 6.3.2(3). 
Load Model 71 and if relevant Load Model SW 10 for continuous 
bridges. 

(10) The criteria in 6.S.1(S) and 6.S.1(7) to 6.S.1(9) are not valid for heavy freight 
traffic with a Maximunl Permitted Vehicle Speed exceeding 120 km/h. For heavy 
freight traffic with a speed exceeding 120 knlih additional requirements should be 
specified. 

NOTE The individual project may specify lhe additional requirements. 

6.5.2 Nosing force 

(l)P The nosing force shall be taken as a concentrated force acting horizontally, at the top 
of the rails, perpendicular to the centre-line of track. It shall be applied on both straight 
track and curved track. 

(2)P The characteristic value of the nosing force shall be taken as Qsk = 100 kN. It shall not 
be multiplied by the factor ([J (see 6.4.S) or by the factorJin 6.S.1(4). 

(3) The characteristic value of the nosing force in 6.S.2(2) should be tllultiplied by the 
factor a in accordance with 6.3.2(3) for values of a ~ 1. 

(4)P The nosing force shall always be combined with a vertical traffic load. 

6.5.3 Actions due to traction and braking 

(l)P Traction and braking forces act at the top of the rails in the longitudinal direction of 
the track. They shall be considered as uniformly distributed over the corresponding 
influence length La,b for traction and braking effects for the structural elelnent considered. 
The direction of the traction and braking forces shall take account of the pernlitted 
direction(s) of travel on each track. 

(2)P The characteristic values of traction and braking forces shall be taken as follows: 

Traction force: 

Braking force: 

Qlak = 33 [kN/m] La,b [nl] S 1000 [kN] 
for Load Models 71, 
SW/O, SW/2 and HSLM 

Qlbk = 20 [kN/nl] La,b [m] s 6000 [kN] 
for Load Models 71, 
SW/O and Load Model HSLM 

Qlbk = 3S [kN/U1] La,b [m] 
for Load Model SW /2 

(6.20) 

(6.21) 

(6.22) 

The characteristic values of traction and braking forces shall not be multiplied by the 
factor (/J (see 6.4.S.2) or by the factor J in 6.S.1 (6). 
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NOTE I For Load Models SW/O and SW/2 traction and braking forces need only to be applied to those 
parts of the structure which are loaded according to Figure 6.2 and Table 6.1. 

NOTE 2 Traction and braking may be neglected for the Load Model "unloaded train". 

(3) These characteristic values are applicable to all types of track construction, e.g. 
continuous welded rails or jointed rails, with or without expansion devices. 

(4) The above traction and braking forces for Load Models 71 and SWIO should be 
multiplied by the factor a in accordance with the requirements of 6.3.2(3). 

(5) For loaded lengths greater than 300m additional requirements for taking into account 
the effects of braking should be specified. 

NOTE The National Annex or individual project may specify the additional requirements. 

(6) For lines carrying special traffic (e.g. restricted to high speed passenger traffic) the 
traction and braking forces may be taken as equal to 25% of the SUln of the axle-loads 
(Real Train) acting on the int1uence length of the action effect of the structural elen1ent 
considered, with a n1axilllum value of 1000 kN for Qlak and 6000 kN for Qlbk. The lines 
carrying special traffic and associated loading details may be specified. 

NOTE I The individual project may specify the requirements. 

NOTE 2 Where the individual project specifies reduced traction and braking loading in accordance with 
the above the specifIed loading should take into account other traffic permitted to use the line, e.g. trains 
for track mai ntenance etc. 

(7)P Traction and braking forces shall be combined with the corresponding vertical loads. 

(8) When the track is continuous at one or both ends of the bridge only a proportion of the 
traction or braking force is transferred through the deck to the bearings, the remainder of 
the force being translnitted through the track where it is resisted behind the abutments. The 
proportion of the force transferred through the deck to the bearings should be determined 
by taking into account the combined response of the structure and track in accordance with 
6.5.4. 

(9)P In the case of a bridge carrying two or more tracks the braking forces on one track 
shall be considered with the traction forces on one other track. 
Where two or n10re tracks have the same pernlitted direction of travel either traction 011 
two tracks or braking on two tracks shall be taken into account. 

NOTE For bridges carrying two or more tracks with the same permitted direction of travel the National 
Annex may specify alternative requirements for the application of traction and braking forces. 

6.5.4 Combined response of structure and track to variable actions 

6.5.4.1 General principles 

(1) Where the rails are continuous over discontinuities in the support to the track (e.g. 
between a bridge structure and an embankment) the structure of the bridge (bridge deck, 
bearings and substructure) and the track (rails, ballast etc.) jointly resist the longitudinal 
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actions due to traction or braking. Longitudinal actions are transmitted partly by the 
rails to the embankment behind the abutment and pal'll y by the bridge bearings and the 
substructure to the foundations. 

NOTE References to embankment throughout 6.5.4 may also be taken as references to the track 
formation or ground beneath the track on the approaches to the bridge whether the track is on an 
embankment, level ground or in a cutting. 

(2) Where continuous rails restrain the free movement of the bridge deck, deformations 
of the bridge deck (e.g. due to thermal variations, vertical loading, creep and shrinkage) 
produce longitudinal forces in the rails and in the fixed bridge bearings. 

(3)P The effects resulting froln the combined response of the structure and the track to 
variable actions shall be taken into account for the design of the bridge superstructure, 
fixed bearings, the substructure and for checking load effects in the rails. 

(4) The requirelnents of 6.5.4 are valid for conventional ballasted track. 

(5) The requirements for non-ballasted track should be specified. 

NOTE The requirements for non-bal1asted track may be specified in either the National Annex or for the 
individual project. 

6.5.4.2 Paralneters affecting the combined response of the structure and track 

(])P The following parameters influence the combined behaviour of the structure and 
track and shall be taken into account in the analysis: 

a) Configuration of the structure: 
simply supported bealn, continuous beams or a series of beanls, 

- nUlnber of individual decks and length of each deck, 
number of spans and length of each span, 

- position of fixed bearings, 
- position of the thermal fixed point, 

expansion length LT between the thermal fixed point and the end of the deck. 

r LT 

~ 

1 a ~ 

r LT 

~ 

2) a l5. ~ 

r LT 

9 r LT 
9 

1 Jb 1 2) l5. ~ 
Figure 6.17 - Examples of expansion length LT 
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b) Configuration of the track: 
ballasted track or non-ballasted track systen1s, 
vertical distance between the upper surface of the deck and the neutral axis of 
the rails, 
location of rail expansion devices. 

NOTE The individual project may specify requirements regarding the location of rail expansion devices 
taking into account requirements to ensure such devices are effective whilst ensuring that the rail 
expansion devices are not adversely atTected by bending effects in the rail due to the close proximity of 
the end of a bridge deck etc. 

c) Properties of the structure: 
vertical stiffness of the deck, 
vertical distance between the neutral axis of the deck and the upper surface of 
the deck, 
vertical distance between the neutral axis of the deck and the axis of rotation of 
the bearing, 
structural configuration at bearings generating longitudinal displacement of the 
end of the deck from angular rotation of the deck, 
longitudinal stiffness of the structure defined as the total stiffness which can be 
mobilised by the substructure against actions in the longitudinal direction of the 
tracks taking into account the stiffness of the bearings, substructure and 
foundations. 

For example the total longitudinal stiffness of a single pier is given by: 

K 
(5 +5 +5h ) 

p qJ 

for the case represented below as an example. 

100 

(6.23) 
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( 1) Bending of the pier 
(2) Rotation of the foundation 
(3) Displacement of the foundation 

Total displacement of the pier head 

Figure 6.18 - Example of the determination of equivalent 
longitudinal stiffness at bearings 

d) Properties of the track: 
- axi al stiffness of the rail, 
- resistance of the track or the rails against longitudinal displacement considering 

either: 
- resistance against displacelnent of the track (rails and sleepers) in the ballast 

relati ve to the underside of the ballast, or 
resistance against displacement of the rails from rail fastenings and supports 
e.g. with frozen ballast or with directly fastened rails, 

where the resistance against displacement is the force per unit length of the track 
that acts against the displacement as a function of the relative displacement 
between rail and the supporting deck or embankment. 

6.5.4.3 Actions to be considered 

(l)P The following actions shall be taken into account: 
- traction and braking forces as defined in 6.5.3. 

Thermal effects in the combined structure and track system. 
- Classified vertical traffic loads (including SW/O and SW/2 where required), 

Associated dynamic efIects may be neglected. 

NOTE The combined response of the structure and track to the "unloaded train" and load model HSLM 
may be neglected. 

- Other actions such as creep, shrinkage, temperature gradient etc. shall be taken into 
account for the detennination of rotation and associated longitudinal displacen1ent 
of the end of the decks where relevant. 
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(2) Temperature variations in the bridge should be taken as ~TN (see EN 1991-1-5), 
with r and 'If taken as 1,0. 

NOTE 1 The National Annex may specify alternative values of !1TN. The values given in EN 1991 1-5 
are recommended. 

NOTE 2 For simplified calculations a temperature variation of the superstructure of !1TN ± 35 
Kelvin may be taken into account. Other values may be specified in the National Annex or for the 
individual project. 

(3) When determining the cOlnbined response of track and structure to traction and 
braking forces, the traction and braking forces should not be applied on the adjacent 
embankment unless a cOlnplete analysis is carried out considering the approach, passage 
over and departure from the bridge of rail traffic on the adjacent embankments to 
evaluate the most adverse load effects. 

6.5.4.4 Modelling and calculation of the cOl1zbined track/structure systel1z 

(l) For the deter111ination of load effects in the combined track/structure system a model 
based upon Figure 6.19 may be used. 

(1 ) (2) (5) 

Key 
(I) Track 
(2) Superstructure (a single deck comprising two spans and a single deck with one span shown) 
(3) Emhankment 
(4) Rail expansion device (if present) 
(5) Longitudinal non-linear springs reproducing the longitudinal load/ displacement behaviour of the 

track 
(6) Longitudinal springs reproducing the longitudinal stiffness K of a fixed support to the deck taking 

into account the stiffness of the foundation, piers and hearings etc. 

Figure 6.19 - Example of a model of a track/structure system 

(2) The longitudinal load/ displacement behaviour of the track or rail supports 111ay be 
represented by the relationship shown in Figure 6.20 with an initial elastic shear 
resistance [kNhnm of displacement per ill of track] and then a plastic shear resistance k 
[kN/m of track]. 
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(I) Longitudinal shear force in the track per unit length 
(2) Displacement of the rail relative to the top of the supporting deck 
(3) Resistance of the rail in sleeper (loaded track) 

(frozen ballast or track without ballast with conventional fastenings) 
(4) Resistance of sleeper in ballast (loaded track) 
(5) Resistance of the rail in sleeper (unloaded track) 

(ti'ozen ballast or track without ballast with conventional fastenings) 
(6) Resistance of sleeper in bal1ast (unloaded track) 

u (2) 

Figure 6.20 - Variation of longitudinal shear force with longitudinal track 
displacenlellt for one track 

NOTE 1 The values of longitudinal resistance used for the analysis of rail/ballast/bridge stiffness may be 
given in the National Annex or agreed with the relevant authority specified in the National Annex. 

NOTE 2 The behaviour described in Figure 6.20 is valid in most cases (but not for embedded rai Is 
without conventional rail fastenings etc.). 

(3)P Where it can be reasonably foreseen that the track characteristics may change in 
the future, this shall be taken into account in the calculations in accordance with the 
specified requirements. 

NOTE The individual project may specify the requirements. 

(4)P the calculation of the total longitudinal support reaction and in order to 
compare the global equivalent rail stress with permissible values, the global ~effect 
shall be calculated@il as follows: 

(6.24) 

with: 

FJi the individual longitudinal support reaction corresponding to the action i, 
'f/Oi for the calculation of load effects in the superstructure, bearings and 

substluctures the combination factors defined in EN 1990 A2 shall be used, 
'f/Oi for the calculation of rail stresses, 'f/Oi shall be taken as 1,0. 
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(5) When determining the effect of each action the non-linear behaviour of the track 
stiffness shown in Figure 6.20 should be taken into account. 

(6) The longitudinal forces in the rails and bearings resulting from each action may be 
combined using linear superimposition. 

6.5.4.5 Design criteria 

NOTE Alternative requirements may be specified in the National Annex. 

6.5.4.5.1 Track 

(1) For rails on the bridge and on the adjacent abutnlent the permissible additional rail 
stresses due to the combined response of the structure and track to variable actions 
should be linlited to the following design values: 

Compression: 72 N/mm2, 
Tension: 92 N/mm2. 

(2) The lil11iting values for the rail stresses given in 6.5.4.5.1(1) are valid for track 
complying with: 

UIC 60 rail with a tensile strength of at least 900 N/mm2, 

straight track or track radius r ;;:: I 500 111, 

NOTE For ballasted tracks with additional lateral restraints to the track and for directly fastened 
tracks this minimum value of track radius may be reduced subject to the agreement of the relevant 
authority specified in the National Annex. 

for ballasted tracks with heavy concrete sleepers with a Inaxinlum spacing of 65 cm 
or equivalent track construction, 
for ballasted tracks with at least 30 cm consolidated ballast under the sleepers. 

When the above criteria are not satisfied special studies should be carried out or 
additional 111easures provided. 

NOTE For other track construction standards (in particular those that affect lateral resistance) and other 
types of rail it is recommended that the maximum additional rail stresses is specified in the National 
Annex or for the indi vidual project. 

6.5.4.5.2 Linliting values for the deformation of the structure 

(l)P Due to traction and braking bB [mm] shall not exceed the following values: 
5 mnl for continuous welded rails without rail expansion devices or with a rail 
expansion device at one end of the deck, 
30 mm for rail expansion devices at both ends of the deck where the ballast is 
continuous at the ends of the deck, 
movelnents exceeding 30 mm shall only be permitted where the ballast is provided 
with a movement gap and rail expansion devices provided. 

where bB [mm] is: 
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the relative longitudinal displacelnent between the end of a deck and the adjacent 
abutment or, 
the relative longitudinal displacement between two consecutive decks. 

(2)P For vertical traffic actions (up to two tracks loaded with load model LM 71 (and 
where required SW /0) bH [mm] shall not exceed the following values: 

8 mm when the combined behaviour of structure and track is taken into account 
(valid where there is only one or no expansion devices per deck), 
10 mIn when the combined behaviour of the structure and track is neglected. 

where bH [lnnl] is: 

- the longitudinal displacement of the upper surface of the deck at the end of a deck 
due to defornlation of the deck. 

NOTE Where either the permissible additional stresses in the rail in 6.5.4.5.1 (I) are exceeded or the 
longitudinal displacement of the deck in 6.5.4.5.2(1) or 6.5.4.5.2(2) is exceeded either change the 
structure or provide rail expansion devices. 

(3)P The vertical displacement of the upper surface of a deck relative to the adjacent 
construction (abutment or another deck) Ov [mm] due to variable actions shall not 
exceed the following values: 
- 3 nlm for a Maxinlunl Line Speed at the Site of up to 160 kmlh, 

2 mm for a Maximunl Line Speed at the Site over 160 kmlh. 

(4)P For directly fastened rails the uplift forces (under vertical traffic loads) on rail 
supports and fastening systems shall be checked against the relevant linlit state 
(including fatigue) performance characteristics of the rail supports and fastening 
systems. 

6.5.4.6 Calculation Inethods 

NOTE Alternative calculation methods may be specified in the National Annex or l~)r the individual 
project. 

(1) The following calculation methods enable the cOlnbined response of the track and 
structure to be checked against the design criteria given in 6.5.4.5. The design criteria 
for ballasted decks may be summarised as: 

a) Longitudinal relative displacelnent at the end of the deck split into two components 
to enable comparison with the permitted values: b8 due to braking and traction and 
bH due to vertical deformation of the deck, 

b) Maxinlum additional stresses in the rails, 
c) Maxinlum vertical relative displacement at the end of the deck, Ov. 

For directly fastened decks an additional check on uplift forces is required in 
accordance with 6.5.4.5.2(4). 

(2) In 6.5.4.6.1 a siinplified Inethod is given for estimating the combined response of a 
simply supported or a continuous structure consisting of single bridge deck and track to 
variable actions for structures with an expansion length LT of up to 40nl. 
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(3) For structures that do not satisfy the requirements of 6.5.4.6.1 a nlethod is given in 
annex G for determining the cotnbined response of a stlucture and track to variable 
actions for: 
- simply supported or a continuous structure consisting of a single bridge deck, 
- structures consisting of a succession of simply supported decks, 

structures consisting of a succession of continuous single piece decks. 

(4) Alternatively, or for other track or structural configurations, an analysis may be 
carried out in accordance with the requirements of 6.5.4.2 to 6.5.4.5. 

6.5.4.6.1 Simplified calculation nlethod for a single deck 

(1) For a superstructure conlprising of a single deck (simply supported, continuous 
spans with a fixed bearing at one end or continuous spans with an intermediate fixed 
bearing) it is not necessary to check the rail stresses providing: 
- the substructure has sufficient stiffness,K to limit bB, the displacement of the deck 

in the longitudinal direction due to traction and braking, to a maximum of 5 mnl 
under the longitudinal forces due to traction and braking defined in 6.5.4.6.1(2) 
(classified in accordance with 6.3.2(3) where required). For the deternlination of the 
displacelnents the configuration and properties of the structure given in 6.S.4.2( 1) 
should be taken into account. 

- for vertical traffic actions bi;, the longitudinal displacement of the upper surface of 
the deck at the end of the deck due to deformation of the deck does not exceed 5mm, 

- expansion length LT is less than 40m, 

NOTE Alternative criteria may be specified in the National Annex. The criteria given in this clause are 
recommended. 

(2) The lilnits of validity of the calculation method in 6.5.4.6.1 are: 
- track c0111plies with the construction requirements given in 6.5.4.5.1 (2). 

longitudinal plastic shear resistance k of the track is: 
unloaded track: k = 20 to 40 kN per m of track, 
loaded track: k = 60 kN per m of track. 

vertical traffic loading: 
Load Model 71 (and where required Load Model SW/O) with a = 1 in accordance 
with 6.3.2(3), 
Load Model SW 12, 

NOTE The method is valid for values of a where the load etl'ects from a x LM71 are less than or 
equal to the load etlects from SWI2. 

- actions due to braking for: 
Load Model 71 (and where required Load Model SW/O) and Load Model 
HSLM: 
qJbk = 20 kN/m, 
Load Model SW 12: 
qlbk = 35 kN/nl. 

- actions due to traction: 
qluk = 33 kN/m, limited to a maximunl of QJak = 1000 kN. 

- actions due to temperature: 
Temperature variation f...TD of the deck: f...TD::; 35 Kelvin, 
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Temperature variation I1TR of the rail: I1TR :::;; 50 Kelvin, 
Maximum difference in teinperature between rail and deck: 
II1TD - I1TR I S 20 Kelvin. 6.25 

(3) The longitudinal forces due to traction and braking acting on the fixed bearings may 
be obtained by n1ultiplying the traction and braking forces by the reduction factor ~ 
given in Table 6.9. 

Table 6.9 - Reduction factor r; for the determination of the longitudinal forces in 
the fixed bearings of one-piece decks due to traction and braking 

Overall length of Reduction factor r; 
structure Em] Continuous track Rail expansion Rail expansion 

devices at one devices at both 
end of deck ends of deck 

:::;;40 0,60 0,70 1,00 

NOTE For portal frames and closed frames or boxes it is recommended that the reduction factor C; be 
taken as unity. Alternatively the method given in annex G or an analysis in accordance with 6.5.4.2 to 
6.5.4.5 may be used. 

(4) The characteristic longitudinal forces FTk per track due to temperature variation 
(according to 6.5.4.3) acting on the fixed bearings may be obtained as follows: 

for bridges with continuous welded rails at both deck ends and fixed bearings at one 
end of the deck : 
FTk [kN] = ± 0,6 k LT (6.26) 
with k [kN/m] the longitudinal plastic shear resistance of the track per unit length 
according to 6.5.4.4(2) for unloaded track and LT [m] the expansion length 
according to 6.5.4.2( 1). 
for bridges with continuous welded rails at both deck ends and fixed bearings 
situated in a distance L1 from one end of the deck and L2 from the other end: 
FTk [kN] = ± 0,6 k (L2 - L J ) (6.27) 
with k [kN/m] the longitudinal plastic shear resistance of the track per unit length 
according to 6.5.4.4(2) for unloaded track and LJ [m] and L2 [In] according to Figure 
6.21. 

N.B. (1) Deck corresponding to either LI or L2 
may comprise of one or more spans. 

Figure 6.21 - Deck with fixed bearings not located at one end (1) 

for bridges with continuous welded rails at the deck end with fixed bearings and rail 
expansion devices at the free deck end: 
FTk [kN] = ± 20 LT , but FTk S 1100 kN (6.28) 
with LT [In] expansion length according to 6.5.4.2.(1). 
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- for bridge decks with rail expansion devices at both ends: 
FTk =0 (6.29) 

NOTE For track complying with 6.5.4.5.1 (2) values of k may be taken from annex 02(3). Alternative 
values of k may be specified in the National Annex. 

(5) The characteristic longitudinal forces FQk per track on the fixed bearings due to 
deformation of the deck may be obtained as follows: 

for bridges with continuous welded rails at both deck ends and fixed bearings on one 
end of the deck and with rail expansion devices at the free end of the deck: 
FQk [kN] = ± 20 L (6.30) 
with L [m] the length of the first span near the fixed bearing 

- for bridges with rail expansion devices at both ends of the deck: 
FQk [kN] = 0 (6.31) 

(6) The vertical displacement of the upper surface of a deck relative to the adjacent 
construction (abutment or another deck) due to variable actions may be calculated 
ignoring the combined response of the structure and track and checked against the 
criteria in 6.5.4.5.2(3), 

6.6 Aerodynanlic actions from passing trains 

6.6.1 General 

(l)P AerodynaInic actions from passing trains shall be taken into account when 
designing structures adjacent to railway tracks. 

(2) The passing of rail traffic subjects any structure situated near the track to a travelling 
wave of alternating pressure and suction (see Figures 6.22 to 6.25). The Inagnitude of the 
action depends mainly on: 
- the square of the speed of the train, 

the aerodynaInic shape of the train, 
the shape of the structure, 
the position of the structure, particularly the clearance between the vehicle and the 
structure. 

(3) The actions may be approximated by equivalent loads at the head and rear ends of a 
train, when checking ultimate and serviceability limit states and fatigue. Characteristic 
values of the equivalent loads are given in 6.6.2 to 6.6.6. 

NOTE The National Annex or the individual project may specify alternative values. The values given in 
6.6.2 to 6.6.6. are recommended. 

(4) In 6.6.2 to 6.6.6 the Maximum Design Speed V [kmlh] should be taken as the 
Maxin1u111 Line Speed at the Site except for cases covered by EN 1990 A2.2.4( 6). 
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(5) At the start and end of structures adjacent to the tracks, for a length of 5 m from the 
start and end of the structure measured parallel to the tracks the equivalent loads in 6.6.2 to 
6.6.6 should be multiplied by a dynamic amplification factor of 2,0. 

NOTE For dynamically sensitive structures the above dynamic amplification factor may be insufficient 
and may need to be determined by a special study. The study should take into account dynamic 
characteristics of the structure including support and end conditions, the speed of the adjacent rail traffic 
and associated aerodynamic actions and the dynamic response of the structure including the speed of a 
deflection wave induced in the structure. In addition, for dynamically sensitive structures a dynamic 
amplification factor may be necessary for parts of the structure between the start and end of the structure. 

6.6.2 Simple vertical surfaces parallel to the track (e.g. noise barriers) 

(1) The characteristic values of the actions, ± Qlk, are given in Figure 6.22. 

q [kN/m2] 
1k 

1,8 

1,6 

1,4 

1,2 

1,0 

0,8 

0,6 

0,4 

0,2 

0,0 
2,3 2,8 

Key 
(1) Section 
(2) Surface of structure 
(3) Plan view 
(4) Surface of structure 

(1 ) 

3,3 3,8 4,3 5,3 

(3) 

V =300km/h 

---- V =250km/h 

---- V =200km/h 

----- V =160km/h 

----- V =120km/h 

[m] 

Figure 6.22 - Characteristic values of actions qlk for simple vertical surfaces 
parallel to the track 

(2) The characteristic values apply to trains with an unfavourable aerodynamic shape and 
may be reduced by: 

a factor k, = 0,85 for trains with smooth sided rolling stock 
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- a factor kl = 0,6 for strean1lined roBing stock (e.g. ETR, ICE, TGV, Eurostar or 
sin1ilar) 

(3) If a small part of a waH with a height 1,00 m and a length 2,50 m is considered, 
e.g. an elen1ent of a noise protection wall, the actions qlk should be increased by a factor k2 

1,3. 

6.6.3 SiInple horizontal surfaces above the track (e.g. overhead protective 
structures) 

( I) The characteristic values of the actions, ± q2b are given in Figure 6.23. 

(2) The loaded width for the structural member under investigation extends up to 1001 to 
either side fro01 the centre-line of the track. 

(1 ) 

± 

3,O--+--r----, 

2,0---4---r----:\----I----+----, 

1 ,0---4--~-~-_+_'l'''c--_+_-__+-___.--~-....__-__. 

(2) 

V=300km/h 

- - - - V = 250km/h 

-- -- V=200km/h 

----- V=160km/h 

-- •• -- V=120km/h 

O,O--f--+---+---+---+---+---I--+---~=~-""" 

4,5 5,0 

Key 
(1) Section 

Elevation 

6,0 

Underside of the structure 

7,0 8,0 9,0 

Figure 6.23 - Characteristic values of actions q2k for simple horizontal surfaces 
above the track 

(3) For trains passing each other in opposite directions the actions should be added. The 
Joading frOlll trains on only two tracks needs to be considered. 

(4) The actions q2k may be reduced by the factor kl as defined in 6.6.2. 
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(5) The actions acting on the edge strips of a wide structure which cross the track nlay be 
multiplied by a factor of 0,75 over a width up to 1,50 m. 

6.6.4 Simple horizontal surfaces adjacent to the track (e.g. platfornl canopies with 
no vertical wall) 

(I) The characteristic values of the actions, ± q3k, are given in Figure 6.24 and apply 
irrespective of the aerodynamic shape of the train. 

(2) For every position along the structure to be designed, q3k should be determined as a 
function of the distance ag from the nearest track. The actions should be added, if there are 
tracks on either side of the structural member under consideration. 

(3) If the distance hg exceeds 3,80 m the action q3k may be reduced by a factor k3: 

--~- for 3,8 n1 < hg < 7,5 m 
3,7 

for hg ~ 7,5 m 

where: 

(6.32) 

(6.33) 

hg distance from top of rail level to the underside of the structure. 

o,O-+--+---I----+--+---+--I---+--+----.... 
2,0 

Key 
(1) Section 
(2) Elevation 

3,0 

(3) Underside of the structure 

4,0 5,0 6,0 

(2) 

5m 5m 

-- -- V =200km/h 

---- V""160km/h 

-_._- V=120km/h 

a g [m] 

Figure 6.24 - Characteristic values of actions q3k for simple horizontal surfaces 
adjacent to the track 
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6.6.5 Multiple-surface structures alongside the track with vertical and horizontal 
or inclined surfaces (e.g. bent noise barriers, platfornl canopies with vertical walls 
etc.) 

(1) The characteristic values of the actions, ± q4k, as given in Figure 6.25 should be applied 
normal to the surfaces considered. The actions should be taken from the graphs in Figure 
6.22 adopting a track distance the lesser of: 

a' = 0,6 min ag + 0,4 Inax ag or 6 n1 (6.34) 

where distances min and Inax ag are shown in Figure 6.25. 

(2) If n1ax > 6 In the value max aCT = 6 m should be used. 
'" 

(3) The factors k I and defined in 6.6.2 should be used. 

I 
j<l min a 9 J 
I maxag 

Figure 6.25 - Definition of the distances min ag and max ag from centre-line of the 
track 

6.6.6 Surfaces enclosing the structure gauge of the tracks over a limited length (up 
to 20 m) (horizontal surface above the tracks and at least one vertical wall, e.g. 
scaffolding, temporary constructions) 

(1) All actions should be applied irrespective of the aerodynamic shape of the train: 
to the full height of the vertical surfaces: 

where: 

qlk is detennined according to 6.6.2, 
k4 = 2 
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- to the horizontal surfaces: 

where: 

q2k is determined according to 6.6.3 for only one track, 
k5 = 2,5 if one track is enclosed, 
k5 = 3,5 if two tracks are enclosed. 

6.7 Derailment and other actions for railway bridges 

BS EN 1991-2:2003 
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(6.36) 

(l)P Railway structures shall be designed in such a way that, in the event of a derailn1ent, 
the resulting damage to the bridge (in particular overturning or the collapse of the sttucture 
as a whole) is limited to a minimun1. 

6.7.1 Derailment actions from rail traffic on a railway bridge 

(1)P Derail ment of rail traffic on a rail way bridge shall be considered as an Accidental 
Design Situation. 

(2)P Two design situations shall be considered: 
Design Situation I: Derailment of railway vehicles, with the derailed vehicles 
remaining in the track area on the bridge deck with vehicles retained by the adjacent 
rail or an upstand wall. 

- Design Situation II: Deraihnent of railway vehicles, with the derailed vehicles balanced 
on the edge of the bridge and loading the edge of the superstructure (excluding nOI1-

structural elements such as walkways). 

NOTE The National Annex or individual project may specify additional requiremenls and alternative 
loading. 

(3)P For Design Situation I, collapse of a major part of the structure shall be avoided. 
Local damage, however, may be tolerated. The parts of the structure concerned shall be 
designed for the following design loads in the Accidental Design Situation: 

a x 1,4 x LM 71 (both point loads and uniformly distributed loading, QA I d and q A I d) 

parallel to the track in the most unfavourable position inside an area of width 1,5 times the 
track gauge on either side of the centre-line of the track: 
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Key 
(I) max. I ,5s or less if against wall 
(2) Track gauge s 

(1 ) I (1) 

Ti---r--(2)-----1~ 
ex x 0,7 x LM 71 

I 
ex x 0,7 x LM 71 

(3) For ballasted decks the point forces may be assumed to be distributed on a square of side 450mm at 
the top of the deck. 

Figure 6.26 - Design Situation I - equivalent load QAld and qAld 

(4)P For Design Situation II, the bridge should not overturn or collapse. For the 
determination of overall stability a maximum total length of 20 m of qA2d = a x 1,4 x 
LM71 shall be taken as a uniformly distributed vertical line load acting on the edge of the 
structure under consideration. 

Key 
(I) Load acting on 
(2) Track gauge s 

of structure 

Figure 6.27 - Design Situation II - equivalent load qA2d 

NOTE The above-mentioned equivalent load is only to be considered for determining the ultimate strength 
or the stability of the structure as a whole. Minor structural elements need not be designed for this load. 

(5)P Design Situations I and II shall be examined separately. A cOll1bination of these loads 
need not be considered. 
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(6) For Design Situations I and II other rail traffic actions should be neglected for the track 
subjected to deraillnent actions. 

NOTE See EN 1990 A2 for the requirements for application of traffic actions to other tracks. 

(7) No dynan1ic factor needs to be applied to the design loads in 6.7.1(3) and 6.7.1(4). 

(8)P For structural elements which are situated above the level of the rails, measures to 
Initigate the consequences of a derailment shall be in accordance with the specified 
requirements. 

NOTE 1 The requirements may be specified in the National Annex or for the individual project. 

NOTE 2 The National Annex or individual project may also specify requirements to retain a derailed 
train on the structure. 

6.7.2 Derailment under or adjacent to a structure and other actions for Accidental 
Design Situations 

(1) When a derailment occurs, there is a risk of collision between derailed vehicles and 
structures over or adjacent to the track. The requirements for collision loading and other 
design requ irements are specified in EN 1991-1-7. 

(2) Other actions for Accidental Design Situations are given in EN 1991 
be taken into account. 

6.7.3 Other actions 

and should 

(l)P The following actions shall also be taken into account in the design of the 
structure: 

effects due to inclined decks or inclined bearing surfaces, 
longitudinal anchorage forces froin stressing or destressing rails in accordance with 
the specified requirements. 
longitudinal forces due to the accidental breakage of rails in accordance with the 
specified requirements. 
actions fron1 catenaries and other overhead line equiplnent attached to the structure 
in accordance with the specified requirelnents. 
actions fron1 other railway infrastructure and equipment in accordance with the 
specified requiren1ents. 

NOTE The specified requirements including actions for any Accidental Design Situation to be taken into 
account may be specified in the National Annex or for the individual project. 

6.8 Application of traffic loads on railway bridges 

6.8.1 General 

NOTE See 6.3.2 for the application of the factor a and 6.4.5 for the application of the dynamic factor (j). 

(l)P The structure shall be designed for the required nUIT1ber and position( s) of the 
tracks in accordance with the track positions and tolerances specified. 
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NOTE The track positions and tolerances may be specified for the individual project. 

(2) Each structure should also be designed for the greatest number of tracks geometrically 
and structurally possible in the least favourable position, irrespective of the position of the 
intended tracks taking into account the minimum spacing of tracks and structural gauge 
clearance requirements specified. 

NOTE The minimum spacing of tracks and structural gauge clearance requirements may be specified for the 
individual project. 

(3)P The effects of all actions shall be determined with the traffic loads and forces placed 
in the n10st unfavourable positions. Traffic actions which produce a relieving effect shall 
be neglected. 

(4)P For the deternlination of the most adverse load effects froITI the application of Load 
Model 71: 

any number of lengths of the uniformly distributed load shall be applied to a 
track and up to four of the individual concentrated loads QVk shall be applied once 
per track, 
for structures carrying two tracks, Load Model 71 shall be applied to one track or 
both tracks, 

- for structures carrying three or nlore tracks, Load Model 71 shall be applied to one 
track or to two tracks or 0,75 times Load Model 71 to three or more of the tracks. 

(5)P For the deternlination of the most adverse load effects from the application of Load 
Model SW/O: 
- the loading defined in Figure 6.2 and Table 6.1 shall be applied once to a track, 
- for structures carrying two tracks, Load Model SW 10 shall be applied to one track or 

both tracks, 
- for structures carrying three or more tracks, Load Model SW/O shall be applied to 

one track or to two tracks or 0,75 tilTIeS Load Model SW/O to three or more of the 
tracks. 

(6)P For the determination of the most adverse load effects frOIn the application of Load 
Model SW/2: 

the loading defined in Figure 6.2 and Table 6.1 shall be applied once to a track, 
- for structures carrying more than one track, Load Model SW/2 shall be applied to 

one track only with Load Model 71 or Load Model SW 10 applied to one other track 
in accordance with 6.8.1(4) and 6.8.1(5). 

(7)P For the determination of the rnost adverse load effects from the application of Load 
Model "unloaded train": 
- any nun-tber of lengths of the unifornlly distributed load qvk shall be applied to a 

track, 
generally Load Model "unloaded train" shall only be considered in the design of 
structures carrying one track. 

(8)P All continuous beam structures designed for Load Model 71 shall be checked 
additionally for Load Model SW/O. 
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(9)P Where a dynamic analysis is required in accordance with 6.4.4 all bridges shall 
also be designed for the loading from Real trains and Load Model HSLM where 
required by 6.4.6.1.1. The detennination of the Inost adverse load effects from Real 
Trains and the application of Load Model HSLM shall be in accordance with 
6.4.6.1.1(6) and 6.4.6.5(3). 

(lO)P For the verification of defonnations and vibrations the vertical loading to be applied 
shall 
- Load Model 71 and where required Load Models SW/O and SW/2, 

Load Model HSLM where required by 6.4.6.1.1, 
- Real Trains when determining the dynanuc behaviour in the case of resonance or 

excessive vibrations of the deck where required by 6.4.6.1.1. 

(11)P For bridge decks can'ying one or more tracks the checks for the limits of deflection 
and vibration shall be made with the number of tracks loaded with all associated relevant 
traffic actions in accordance with Table 6.10. Where required by 6.3.2(3) classified loads 
shall be taken into account. 
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Table 6.10 - Nunlber of tracks to be loaded for checking limits of deflection 
and vibration 

Linlit State and 
associated acceptance criteria 

Traffic Safety Checks: 

Deck twist (EN 1990: A2.4.4.2.2) 

Vertical deformation of the deck 
(EN 1990: A2.4.4.2.3) 

- Horizontal defonnation of the deck 
(EN 1990: A2.4.4.2.4) 

Combined response of structure and 
track to variable actions including 
limits to vertical and longitudinal 
displacement of the end of a deck 
(6.5.4) 

- Vertical acceleration of the deck 
(6.4.6 and EN 1990: A2.4.4.2.1) 

SLS Checks: 

Passenger comfort criteria (EN 
] 990: A2.4.4.3) 

ULS Checks 

Uplift at bearings (EN 1990: 
A2.4.4.1 (2)P) 

a Whichever is critical 

N umber of tracks on the bridge 
1 2 ~3 

1 1 or 2 a 

1 1 or 2 a 

1 1 or2 a 

1 1 or 2 a 

1 1 

1 

1 1 or 2 a 

1 or 2 or 3 or 
11lore b 

1 or 2 or 3 or 
more b 

1 or 2 or 3 or 
nlore b 

lor 2 a 

1 

1 or 2 or 3 or 
nlore b 

b Where groups of loads are used the number of tracks to be loaded should be in accordance with Table 6.11. 
Where groups of loads are not used the number of tracks to be loaded should also be in accordance with Table 
6.11. 

NOTE Requirements for the number of tracks to be considered loaded when checking dlallla.::;c; and structural 
clearance requirements may be specified in the National Annex or for the individual project. 

6.8.2 Groups of Loads - Characteristic values of the multicomponent action 

(1) The simultaneity of the loading defined in 6.3 to 6.5 and 6.7 may taken into account 
by considering the groups of loads defined in Table 6.11. Each of groups of loads, 
which aremutuaUy exclusive, should be considered as defining a single variable 
characteristic action for combination with non-traffic loads. Each Group of Loads should 
be applied as a single variable action. 
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NOTE In some cases it is necessary to consider other appropriate combinations of unfavourable individual 
traffic actions. See A2.2.6(4) of EN 1990. 

(2) The factors given in the Table 6.11 should be applied to the characteristic values of the 
different actions considered in each group. 

NOTE All the proposed values given for these factors may be varied in the National Annex. The values in 
Table 6.]] are recommended. 

(3)P Where groups of loads are not taken into account rail traffic actions shall be 
combined in accordance with Table A2.3 of EN 1990. 
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Table 6.11 - Assessment of Groups of Loads for rail traffic (characteristic values of 
the muIticomponent actions) 

number of 
tracks on 

Load 
Group(~) 

grll 

gr 12 

gr 31 

6.3.3 

Loaded SW/2 
track ( 1).\) 1 

TI 

TI 

O.7'i 

(1) All relevant factors (a. (/l, f ... ) shall be taken into account. 

6.3.4 

Imin 

(2) SW/O shall only be taken into account for continuous beam structures. 
(3) SW/2 needs to be taken into account only if it is stipulated for the line. 
(4) Factor may be reduced to 0,5 if favourable effect, it cannot be zero. 
(5) In favourable cases these non-dominant values shall be taken equal to zero, 
(6) HSLM and Real Trains where required in accordance with 6.4.4 and 6.4.6.1.1. 
(7) If a dynamic analysis is required in accordance with 6.4.4 see also 6.4.6.5(3) and 6.4.6.1.2. 
(8) See also Table A2.3 of EN 1990 

Dominant component aClion as appropriate 

D to be considered in designing a structure supporting one track (Load Groups 11-17) 

~ to be considered ill designing a structure supporting two tracks (Load Groups 11-27 
except 15). Each of the two tracks shall be considered as 
either TJ (Track one) or Tl (Track 2) 

to be considered in designing a structure supporting three or more tracks; 
(Load Groups II to 31 except 15. Anyone track shall be taken as T J, 

6.5.2 

Nosing 
force 

Comment 

'. vertic,,1 I with max. 

Aclclitionallo:td case 

any other track as T2 with all other tracks unloaded. In addition the Load Group 31 has to be considered as an additional load 

case where all unfavourable lengths of track T j are loaded. 

6.8.3 Groups of Loads - Other representative values of the nlulticonlponent actions 

6.8.3.1 Frequent values of the multicomponent actions 

(1) Where Groups of Loads are taken into account the same rule as in 6.8.2(1) above is 
applicable by applying the factors given in Table 6.11 for each Group of Loads, to the 
frequent values of the relevant actions considered in each Group of Loads. 

NOTE The li'equent values of the multicomponent actions may be defined in the National Annex. The 
rules given in this clause are recommended. 

120 



BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

(2)P Where Groups of Loads are not used rail traffic actions shall be cOlnbined in 
accordance with Table A2.3 of EN 1990. 

6.8.3.2 Quasi-pennanent values of the lnulticolnponent actions 

(1) Quasi-permanent traffic actions should be taken as zero. 

NOTE The quasi-permanent values of the multicomponent actions may be defined in the National 
Annex. The value given in this clause is recommended. 

6.8.4 Traffic loads in Transient Design Situations 

(l)P Traffic loads for Transient Design Situations shall be defined. 

NOTE Some indications are given in annex H. The traffic loads for Transient Design Situations may be 
defined for the individual project. 

6.9 Traffic loads for fatigue 

(l)P A fatigue damage assessment shall be carried out for all structural elements, which are 
subjected to fluctuatio11s of stress. 

(2) For normal traffic based on characteristic values of Load Model 71, including the 
dynamic factor <P, the fatigue assessment should be carried out on the basis of the traffic 
111ixes, !I standard traffic ", "traffic with 250 kN -axles 11 or "light traffic lniX" depending on 
whether the structure carries lnixed traffic, predominantly heavy freight traffic or 
lightweight passenger traffic in accordance with the requirements specified. Details of the 
service tri.:uns and traffic mixes considered and the dynmnic enhancelnent to be applied are 
given in annex D. 

NOTE The requirements may be defined for the individual project. 

(3) Where the traffic mix does not represent the real traffic (e.g. in special situations 
where a limited number of vehicle type(s) dominate the fatigue loading or for traffic 
requiring a value of a greater than unity in accordance with 6.3.2(3)) an alternative 
traffic mix should be specified. 

NOTE The alternative traffic mix may be defined for the individual project. 

(4) Each of the !nixes is based on an annual traffic tonnage of 25 x 106 tonnes passing over 
the bridge on each track. 

(5)P For structures carrying 111ultiple tracks, the fatigue loading shall be applied to a 
maxilnurD of two tracks in the most unfavourable positions. 

(6) The fatigue datllage should be assessed over the design working life. 

NOTE The design working life may be specified in the National Annex. 100 years is recommended. See 
also EN 1990. 
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(7) Alternatively, the fatigue assessment may be carried out on the basis of a special traffic 
mix. 

NOTE A special traffic mix may be specified in the National Annex or for the individual project. 

(8) Additional requirements for the fatigue assessment of bridges where a dynamic 
analysis is required in accordance with 6.4.4 when dynan1ic effects are likely to be 
excessive are given in 6.4.6.6. 

(9) Vertical rail traffic actions including dynan1ic effects and centrifugal forces should 
be taken into account in the fatigue assessment. Generally nosing and longitudinal 
traffic actions ITIay be neglected in the fatigue assessment. 

NOTE In some special situations, for example bridges supporting tracks at terminal stations, the effect of 
longitudinal actions should be taken into account in the fatigue assessment. 
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Models of special vehicles for road bridges 

A.I Scope and field of application 

(1) This annex defines standardised models of special vehicles that can be used for the 
design of road bridges. 

(2) The special vehicles defined in this annex are intended to produce global as well as 
local effects such as are caused by vehicles which do not comply with the national 
regulations concerning limits of weights and, possibly, dilnensions of nonnal vehicles. 

NOTE The consideration of special vehicles for bridge 
cases. 

is intended to be limited to particular 

(3) This annex also provides guidance in case of simultaneous application on a bridge 
carriageway special vehicles and normal road traffic represented by Load Model 1 
defined in 4.3.2. 

A.2 Basic models of special vehicles 

(1) Basic n10dels of special vehicles are conventionally defined in Tables A.I and A.2, 
and in Figure A.l. 

NOTE I The basic models of special vehicles correspond to various levels of abnormal loads that can be 
authorised to travel on particular routes of the highway network. 

NOTE 2 Vehicle widths of 3,00 m for the 150 and 200 kN axle-lines, and of 4,50 m for the 240 kN axle­
lines are assumed. 

Table Al - Classes of special vehicles 

eight Composition Notation 
600kN 4 axle-lines of 150 kN 600/150 

900kN 6 axle-lines of 150 kN 900/150 
1200 kN 8 axle-lines of 150 kN 12001150 

or 6 axle-lines of 200 kN 1200/200 
1500 kN 10 axle-lines of 150 kN 15001150 

or 7 axle-lines of 200 kN + 1 axle line 1500/200 
of 100 kN 

1800 kN 12 axle-lines of 150 kN 18001150 
or 9 axle-lines of 200 kN 1800/200 

2400 kN 12 axle-lines of 200 kN 2400/200 
or 10 axle-lines of 240 kN 2400/240 

or 6 axle-lines of 200 kN (spacing 12m) 2400/200/200 
+ 6 axle-lines of 200 kN 
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3000 kN IS axle-lines of 200 kN 
or 12 axle-lines of 240 kN + 1 axle-line 

of 120 kN 
or 8 axle-lines of 200 kN (spacing 12 m) 

+ 7 axle-lines of 200 kN 
3600 kN 18 axle-lines of 200 kN 

or IS axle-lines of 240 kN 
or 9 axle-lines of 200 kN (spacing 12 m) 

+ 9 axle-lines of 200 kN 

3000/200 
3000/240 

3000/200/200 

3600/200 
3600/240 

3600/200/200 

Table A2 - Description of special vehicles 

Axle-lines of 150 kN Axle-lines of 200 kN Axle-lines of 240 kN 
600kN n = 4xlS0 

e = I,SO ITI 
900 kN 11 = 6xlS0 

e = 1,SO m 
1200 kN n = 8xlS0 n = 6x200 

e = I,SO m e = I,SO ill 

ISOO kN 11 = 10x1S0 11 = 1 x 100 + 7 x 200 
e = 1,SO m e = 1,SO m 

1800 kN n = 12x150 11 = 9x200 
e = 1,SO m e= 1,SOm 

2400 kN 11 = 12x200 ~n = 10x240 @j] 
e= 1,SOm e= 1,SOm 

11 = 6x200 + 6x200 
e = Sxl,S+12+Sxl,S 

3000 kN 11 = lSx200 ~n = lx120 
e = I,SO ill + 12x240@j] 

e = I,SO m 
n = 8x200 + 7x200 
e = 7xl,S+12+6xl,S 

3600 kN 17 = 18x200 ~n = lSx240@l] 
e= 1,SOm e= 1,SOm 

17 = 8x240 + 7x240 
e = 7xl,S+12+6xl,S 

NOTE 
17 number of axles ITIultiplied by the weight (kN) of each axle in each group 
e axle spacing (m) within and between each group. 
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x 

1 
0,30 m r 1,20 m '1- ·1-

D.15 m += C21Zill222J 
a) 

1,20 m 

0,30 m 

1,20 m -I- I 1,20 m-1 

b) 

Key 
x Bridge axis direction 
a) 100 to 200 kN axle-lines 
b) 240 axle-lines 

Figure A.1 - Arrangement of axle-lines and definition of wheel contact areas 

(1) One or Inore of the models of special vehicles may have to be taken into account. 

NOTE 1 The models and the load values and dimensions may be defined for the individual project. 

NOTE 2 The effects of the 6001150 standardised model are covered by the effects of Load Model 
where applied with a

Q
" and a" factors all equal to L 
1 ql 

NOTE 3 Particular models, especially to cover the effects of exceptional loads with a gross weight 
exceeding 3600 kN, may have to be defined for the individual project. 

(3) The characteristic loads associated with the special vehicles should be taken as 
nominal values and should be considered as associated solely with transient design 
situations. 

A.3 Application of special vehicle load models on the carriageway 

Each standardised lTIodel should be applied: 

on one notional traffic lane as defined in 1.4.2 and 4.2.3 (considered as Lane Nunlber 
1) for the models composed of 150 or 200 kN axle-lines, or 

on two adjacent notional lanes (considered as Lanes Number 1 and 2 - see Figure 
A.2) for nl0dels composed of 240 kN axle-lines. 

(2) The notional lanes should be Jocated as unfavourably as possible in the carriageway. 
For this case, the carriageway width 11lay be defined as excluding hard shoulders, hard 
strips and marker strips. 
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I 
1,50 

t-
1,50 

~1,50Tl,50~ 

112,~011 
I 

c:=::::=:J I c:=::::=:J 
I 
I 
I 

c:=::::=:J I c:=::::=:J 
I 
I 
I 

c:=::::=:J I c:=::::=:J 
I 

CD 

x 

3,00 --1---3,00 --+---

Key 
Axle-lines of 150 or 200 kN (b 2,70 m) 
X : Bridge axis direction 
(I) Lane 1 

(2) Lane 2 

x 

1---4,20 -----I 

I 

I c:=::::=:J I c:=::::=:J 
I 

1,50 I 

t- I 

c=:=:::J I c=:=:::J 
I 

1,50 I 

L I 
c:=::::=:J I r---o 

I 

CD ® 

I----3,00 --1---3,00 --1---

Key 
Axle-lines of 240 kN (b = 4,20 m) 
X : Bridge axis direction 
(1) Lane 1 
(2) Lane 2 

Figure A.2 - Application of the special vehicles on notional lanes 

(3) Depending on the models under consideration, these Inodelsmay be assumed to 
lTIOVe at low speed (not lTIOre than 5 kmlh) or at normal speed (70 kmlh). 

(4) Where the models are assumed to move at low speed, only vertical loads without 
dynamic amplification should be taken into account. 

(5) Where the models are assumed to move at normal speed, a dynamic amplification 
should be taken into account. The following formula may be used: 

cp=1,40 5~O cp~] 
where: 

L influence length (m) 

(6) Where the models are assun1ed to move at low speed, each notional lane and the 
ren1aining area of the bridge deck should be loaded by Load Model 1 with its frequent 
values defined in 4.5 and in to EN 1990. On the lane(s) occupied by the standardised 
vehicle, this systelTI should not be applied at less than 25 m from the outer axles of the 
vehicle under consideration Figure A.3). 
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Key 
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Key 
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NOTE A more favourable transverse position for some special vehicles and a restriction of simultaneous 
presence of general traffic may be defined for the individual project. 

Figure A.3 - Simultaneity of Load Model 1 and special vehicles 

(7) Where special vehicles are assumed to lllove at nornlal speed, a pair of special 
vehicles should be used in the lane(s) occupied by these vehicles. On the other lanes and 
the remaining area the bridge deck should be loaded by Load Model 1 with its frequent 
values defined in 4.5 and in EN 1990, A2. 
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AnnexB 
(informative) 

Fatigue life assessment for road bridges Assessment method based on 
recorded traffic 

(I) A stress history should be obtained by analysis using recorded representative real 
traffic data, multiplied by a dynamic amplification factor <Pfat' 

(2) This dynan1ic amplification factor should take into account the dynamic behaviour 
of the bridge and depends on the expected roughness of the road surface and on any 
dynamic aInplification already included in the records. 

NOTE In accordance with ISO 86087, the road surface can be classified in terms of the power spectral 
density (PSD) of the vertical road profile displacement Cd, i.e. of the roughness. Cd is a function of the 
spatial frequency n, Cd(n), or of tbe angular spatial frequency of the path fl, Celfl), with fl=2rcfl. The 
actual power spectral density of the road profile should be smoothed and then fitted, in the bi-Iogarithmic 
presentation plot, by a straight line in an appropriate spatial frequency range. The fitted PSD can be 
expressed in a general form as 

or 

where: 
no is the reference spatial frequency (0,1 cycle/m), 
flo is the reference angular spatial frequency (1 rd/m), 
~v is the exponent of the fitted PSD. 

Often, instead of displacement PSD, Cd, it is convenient to consider velocity PSD, C y , in terms of change 
of tbe vertical ordinate of the road surface per unit distance travelled. Since the relationships between C y 

and Cd are: 

Cv(n) C,,(n)(2mlY and CveQ ) = CJ (Q)(Q)2 

Whcn w=2 the two expressions of velocity PSD are constant. 

Considering constant velocity PSD, 8 different classes of roads CA, B, .'" H) with increasing roughness 
are considered in ISO 8608. The class limits are graphed versus the displacement PSD in Figure B.I. For 
road bridge pavement classification only the first 5 classes (A, B, , .. , are relevant. 

Quality surface may be assumed very good for road surfaces in class A, good for surfaces in class B, 
medium for surfaces in class C, poor for surfaces in class D and very poor for surfaces in class E. 

7 ISO 8608: 1995 Mechanical vibration Road surface profiles Reporling of measured data 
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Key 
Cd (1/.) [m3

] @il Displacement pO\ver spectral density, 
A [m] Wavelength, 
Cd (D) [m3]@il Displacement po\ver spectral density, 
n [cycles/m] Spatial frequency, 
n [rad/m] Angular spatial frequency, 

Figure B.l- Road surface classification (ISO 8608) 
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The limit values of Cd and C v for the first 5 road surface classes in terms of 11 and D are given in Tables 
B.I and respectively. 

129 



BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

Table B.I - Degree of roughness expressed in terms of spatial frequency units, n 

Road 
class 

A 
B 

Very 
Good 

oor 
a nll=O, I cycle/m 

32 
128 
512 
2048 

Degree of roughness 
not [10-6 m] 

. c mean U 
16 
64 

256 
1024 
4096 

32 
128 
5J2 

2048 
8192 

Gv (n) [10-6 m] 
Geometric mean 

6,3 
25,3 
101, 1 
404,3 
1617,0 

Table B.2 - Degree of roughness expressed in terms of angular spatial frequency units, Q 

Degree of rouahness 

Lower limit Geometric mean Upper limit 

B 
C 
D 
E 

1 
2 4 

Medium 8 16 
Poor 32 64 
Very 001' 128 256 

"no=] rad/m 

2 
8 

32 
128 
512 

Gv (.0) [10-6 m] 

Geometric mean 
1 
4 
16 
64 

256 

(3) Unless otherwise specified, the recorded axle loads should be multiplied by : 
lfJC11 1,2 for surface of good roughness 

lfJfat = 1,4 for surface of nledium roughness. 

(4) In addition, when considering a cross-section within a distance of 6,00 m from an 
expansion joint, the load should be multiplied by the additional dynalnic anlplification 
factor I1.lfJr~t derived from Figure 4.7. 

(5) The classification of roadway roughness may be taken in accordance with ISO 8608. 

(6) For a rough and quick estimation of the roughness quality, the following guidance is 
given: 

- new roadway layers, such as, for example, asphalt or concrete layers, can be assumed 
to have a good or even a very good roughness quality; 

- old roadway layers which are not maintained may be classified as having a mediunl 
roughness; 

roadway layers consisting of cobblestones or similar material may be classified as 
medium ("average") or bad ("poor", livery poor"), 

(7) The wheel contact areas and the transverse distances between wheels should be 
taken as described in Table 4.8, where relevant. 
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(8) If the data are recorded on one lane only, assumptions should be Inade concerning 
the traffic on other lanes. These assumptions may be based on records made at other 
locations for a siInilar type of traffic. 

(9) The stress history should take into account the simultaneous presence of vehicles 
recorded on the bridge in any lane. A procedure should be developed to allow for this 
when records of individual vehicle loadings are used as a basis. 

(10) The nun1bers of cycles should be counted using the rainflow ll1ethod or the 
reservoir Inethod. 

(11) If the duration of recordings is less than a full week, the records and the assessment 
of the fatigue damage rates may be adj usted taking into account observed variations of 
traffic flows and Inixes during a typical week. An adjustn1ent factor should also be 
applied to take into account any future changes on the traffic 

(12) The cumulative fatigue damage calculated by use of records should be tTIultiplied 
by the ratio between the design working life and the duration considered on the 
histogranl. In the absence of detailed infornlation, a factor 2 for the nurnber of lorries 
and a factor 1,4 for the load levels are reconlmended. 
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Annex C 
(normative) 

Dynamic factors 1 + rp for Real Trains 

(l)P To take account of dynamic effects resulting from the movement of actual service 
trains at speed, the forces and moments calculated froll1 the specified static loads shall 
be mUltiplied by a factor appropriate to the Maximum Permitted Vehicle Speed. 

(2) The dynamic factors 1 + (jJ are also used for fatigue damage calculations. 

(3)P The static load due to a Real Train at v [m/s] shall be multiplied by: 

either, 1 + (jJ = 1 + (jJ' + (jJ" for track with standard maintenance (C.l) 

Of, 1 + (jJ 1 + (jJ' + 0,5 (jJ" fOf carefully maintained track (C.2) 

NOTE The National Annex may specify whether expression (C. I ) or (C.2) may be used. Where the 
expression to be used is nol specified, expression (CI) is recommended. 

with: 
K 

(jJ'=----
1 K + 

for K < 0,76 

and 
(jJ' = 1,325 for K 20,76 

v 
where: K = ---

2L(j) x no 

and 

rp" l~O [S6e 10 + so( L~~o -1} 
(jJ" 2 ° 
with: a 

v 
if v ~ 22 m/s 

22 
a = 1 if v > 22 m/s 

where: 

J 

v is the Maxill1um Permitted Vehicle Speed [1111s] 

(C.3) 

(C.4) 

(C.S) 

(C.6) 

(C.7) 

no is the first natural bending frequency of the bridge loaded by permanent actions 
[Hz] 

Lm is the determinant length [m] in accordance with 6.4.5.3. 
a is a coefficient for speed 

The limit of validity for qf defined by Equations (C.3) and (C.4) is the lower limit of 
natural frequency in Figure 6.10 and 200 km/h. For aJ lather cases (jJ' should be 
determined by a dynamic analysis in accordance with 6.4.6. 

NOTE The method used should be agreed with the relevant authority specified in the National Annex. 
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The lilnit of validity for qi' defined by Equation (C.6) is the upper lirnit of natural 
frequency in Figure 6.10. For all other cases qi' may be determined by a dynanlic 
analysis taking into account 111aSS interaction between the unsprung axle masses of the 
train and the bridge in accordance with 6.4.6. 

(4)P The values of rp' + rp" shall be detennined using upper and lower lilniting values of no, 
unless it is being made for an individual bridge of known first natural frequency. 

The upper limit of no is given by: 

(C.8) 

and the lower lilnit is given by: 

for 4 In S L(D S 20 m (C.9) 

= 23 58L-0
.592 110 ' (t> for 20 nl < Lcp S 100 m (C.lO) 
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AnnexD 
(norn1ative) 

Basis for the fatigue assessment of railway structures 

D.l Assumptions for fatigue actions 

(1) The dynan1ic factors ~ and ClJ:3 which are applied to the static Load Model 71 and 
SW/O and SW/2, when clause 6.4.5 applies, represent the extrelne loading case to be taken 
into account for detailing bridge men1bers. These factors would be unduly onerous if they 
were applied to the Real Trains used for making an assessment of fatigue dan1age. 

(2) To take account of the average effect over the assumed 100 years life of the stlucture, 
the dynamic enhancelnent for each Real Train may be reduced to: 

(D.I) 

where rp' and rp" are defined below in equations (D.2) and (D.5). 

(3) Equations (D.2) and (D.5) are sin1plified forms of equations (C.3) and (C.6) which are 
sufficiently accurate for the purpose of calculating fatigue damage and are valid for 
Maxin1um Permitted Vehicle Speeds up to 200ktnlh: 

rp' 
K 

(D.2) 

with: 

K 
v 

160 
for L ~ 20 m (D.3) 

K= 
v 

47,1 
for L > 20 111 (D.4) 

and 

z} 

rp" 0,56e 100 (D.5) 

where: 

v is the MaxilTIUn1 Permitted Vehicle Speed [m/s] 
L is the detenninant length L(J) [m] in accordance with 6.4.5.3 

NOTE Where dynamic effects including resonance may be excessive and a dynamic analysis is required 
in accordance with 6.4.4 additional requirements for the fatigue assessment of bridges are given in 
6.4.6.6. 
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(l)P The fatigue assessment, in general a stress range verification, shall be carried out 
according to EN 1992, EN 1993 and EN 1994. 

(2) As an eX31nple for steel bridges the safety verification shall be carried out by ensuring 
that the following condition is satisfied: 

(D.6) 
YMf 

where: 

YFf is the partial safety factor for fatigue loading 

NOTE The value for YFf may be given in the National Annex. The recommended value is YH 1,00. 

/l is the damage equivalence factor for fatigue which takes account of the service 
traffic on the bridge and the span of the member. Values of /l are given in the 
design codes IEJ) (EN 1992 EN 1999). @j] 

~ is the dynamic factor (see 6.4.5) 
lla71 is the stress range due to the Load Model 71 (and where required SW/O) but 

excluding a) being placed in the most unfavourable position for the elenlent under 
consideration 
is the reference value of the fatigue strength (see EN 1993) 

YMf is the partial safety factor for fatigue strength in the design codes IEJ) (EN 1992 
EN 1999)@j] 

D.3 Train types for fatigue 

The fatigue assessment should be carried out on the basis of the traffic mixes, "standard 
traffic", "traffic with 250 kN-axJes" or "light traffic mix", depending on whether the 
structure carries standard traffic mix, predominantly heavy freight traffic or light traffic. 

Details of the service trains and traffic mixes are given below. 
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( 1) Standard and light traffic Inixes 

Type 1 Locomotive-hauled passenger train 

L Q 6630kN V 200km/h L = 262,1 Om q 25,3kN/m' 

6 x 225kN 4 x 110kN 4 x 110kN 4 x 110kN 

IH! llHl HIH BIH 
1,4 2,2 6,9 2,2 1,4 2,6 11,5 2,6 1,8 11,5 2,6 1,8 11,5 

II I I I I III I I III I I III I 

~2 
2,2 1,8 1,8 2,6 1,8 2,6 

18,5 c:1 20,3 c:1 20,3 c:1 20,3 

Type 2 Loconl0ti ve-hauled passenger train 

L Q = 5300kN V 160km/h L 281,1 Om q = 18,9kN/m' 

4x 110kN 4x110kN 

Type 3 High speed passenger train 

L Q 9400kN V = 250km/h L = 385,52m q 24,4kN/m' 

4 x200kN 4 x 150kN 

16,5 

136 

2,45 

I I I 

11 x (4 x 150kN) 

2,45 

I I I 

HI 9 x (4 x 110kN) 

2,6 

I II 
1,8 

c:1 9 x 20,3 J 

8 x (4xl10kN) 

4 x 150kN 4 x 200kN 

HIH 11 
16,5 8,46 



Type 4 High speed passenger train 

~ Q = 5100kN V = 250km/h L = 237,60m q = 21,5kN/m' 

4 x 170kN 3 x 170kN 2x170kN 2x170kN 

!1 r H r H r (2<:7~~ r I .« I H 
3,5 11,0 3,0 1,65 15,7 1,5 15,7 1,5 1,5 15,7 1,5 

I I I I III I III II • II III 
3,0 1,65 3,0 1,5 1,5 

22,15 21,85 

TypeS Locoillotive-hauled freight train 

r Q = 21600kN V = 80km/h L = 270,30m q = 80,OkN/m' 

2,1 4,4 2,1 1,8 5,71,8 1,8 G,7 1,8 1,85,7 1,8 1,8 5,71,8 

I I I I I I I I III III I III III I III III I III III I 
1,8 2,0 1,8 1,8 2,0 
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3 x 170kN 4 x 170kN 

r H r H 
15,7 1,65 3,0 11,0 3,5 

I III I I I 
3,0 1,65 3,0 

21,85 22,15 

11 x (6 x 225kN) 

L
2,0 2,1 2,1 2'1

2
,0 1,8 1 ,8 2'1

2
,0 1 ,8 1 ,8 2'1

2
,0 1 ,8 

16,8 ~ 16,9 ~ 16,9 ~ 16,9 ! 16,9 1 ____ 1_1 X_1_6,9 __ e>, 

Type 6 Locon10tive-hauled freight train 

rQ=14310kN V=100km/h L=333,10m q=43,OkN/m' 

B A ACe ABC A Ace B 
I . . . I 

6 x 225kN 2x 70kN 2x70kN 4 x225kl~ 2x70kN 4 x 225kl~ 
r--- r--- r---

I L I A I A I B I A I C I C I A I B I B L 
I I I 

2,1 4,4 2,1 1,9 6,5 1,9 6,5 1,8 12,8 1,8 6,5 1,6 8,0 1,6 

I I I I I I I I I I I I II I I III I III I I II 
2,0 2,1 2,1 2,0 1,9 1,9 1,8 1,8 1,9 1,9 1,8 1,8 

16,8 20,0 
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Type 7 Locoll1otive-hauled freight train 

L Q 'I0350kl\J V = 120km/h L 196,50m q 52,7kN/m' 

6 x 225kN 4 x 225kN 4 x 225kN 4 x 225kN 

IHI HHI IHI lHI {HI 
1,4 2,2 6,9 2,2 1,4 1,8 11,0 1,6 1,8 11,0 1,6 1,8 11,0 1,6 1,8 

II I I I I 1111 IIIII IIIII IIIII 

~2 
18,5 

21 17,8 1~ 17,8 

1,8 1,6 

~ 17,8 1~ 

TypeS Locomotive-hauled freight train 

L Q = 10350kN V = 100km/h L = 212,50m q 48,7kN/m' 

Type 9 Surburban multiple unit train 

L Q= 2960kN V = 120km/h L = 134,80m q = 22,OkN/m' 

4 x 130kN 

138 

4 x 225kN 

HI 6 x (4 x 225kN) 

11,0 1,6 

III 

17,8 1~ 6 x 17,8 J 

16 x (2 x 225kN) 



Type 10 Underground 

LQ 3600kN V=120km/h L 129,60m q=27,SkN/m' 

B A A 

(2) Heavy traffic with 250 kN axles 

Type 11 Locolnotive-hauled freight train 

LQ 113S0kN V=120km/h L=19S,SOm q=S7,2kN/m' 

Type 12 Locomotive-hauled freight train 

r Q 113S0kN V= 100km/h L= 212,SOm q S3,4kN/m' 

6 x 225kN 2 x 250kN 2 x 250kN 2 x 250kN 2 x 250kN 

'HI 1l1'R'R'R R 

B 
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B A 

7 x (4 x 250kN) 

16x (2 x 250kN) 
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(3) Traffic nlix: 

Table D.1 - Standard traffic mix with axles ~ 22,5 t (225 kN) 

Train type Nurrlber of Mass of train Traffic volume 
trains/day [t] [1 06t!year ] 

1 12 663 2,90 
2 12 530 2,32 
3 5 940 1,72 
4 5 510 0,93 
5 7 2160 5,52 
6 12 1431 6,27 
7 8 1035 3,02 
8 6 1035 2,27 

67 24,95 

Table D.2 - Heavy traffic mix with 25t (250 kN) axles 

Train type Number of Mass of train Traffic volume 
trains/day [t] [1 06t/year ] 

5 6 2160 4,73 
6 13 1431 6,79 
11 16 1135 6,63 
12 16 1135 6,63 

51 24,78 

Table D.3 - Light traffic mix with axles ~ 22,5 t (225 kN) 

Train type Number of Mass of train Traffic volume 
trains/day [t] [106t!year] 

1 10 663 2,4 
2 5 530 1,0 
5 2 2160 1,4 
9 190 296 20,5 

207 25,3 

140 



BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

AnnexE 
(informative) 

Limits of validity of Load Model HSLM and the selection of the critical 
Universal Train from HSLM-A 

E.l Limits of validity of Load Model HSLM 

(1) Load Model HSLM is valid for passenger trains conforming to the following 
criteria: 

individual axle load P [kN] lilnited to 170 kN and for conventional trains also 
liInited to the value in accordance with Equation E.2, 
the distance D [m] corresponding to the length of the coach or to the distance 
between regularly repeating axles in accordance with Table E.1, 
the spacing of axles within a bogie, dBA [m] in accordance with: 

2,5 m ::; dBA ::; 3,5 m (E.l) 

for conventional trains the distance between the centres of bogies between adjacent 
vehicles dBS [nl] in accordance with Equation E.2, 
for regular trains with coaches with one axle per coach (e.g. Train type E in 
Appendix F2) the intermediate coach length DIC [m] and distance between adjacent 
axles across the coupling of two individual trainsets ec [m] in accordance with Table 

1, 
- DldBA and (dBS dBA)ldBA should not be close to an integer value, 

nlaximunl total weight of train of 10,000 kN, 
- lllaximUlll train length of 400 m, 

maxinlum unsprung axle mass of 2 tonnes, 

Table E.l - Limiting parameters for high speed passenger trains confornling to 
Load Model HSLM 

Type of train P D DIe ec 

[kN] [m] [nl] [m] 

Articulated 170 18 ::; D::; 27 -

Lesser of 1 70 or 
Conventional value corresponding 18::; D::; 27 -

to equation E.2 
below. 

Regular 170 10::; D ::; 14 8 ::; D lc ::; 11 7::;ec ::;10 

where: 

141 



BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

4PCOS(1I d BS JCOS(1I d
BA)\ -::; 2P., COSr1I 

dHSUV1A J 
D D HSLMA D 

\ HSLMA 

where: 

(E.2) 

PHSUvlA, dHSLMA and DHSLMA are the parameters of the Universal Trains in accordance 
with Figure 6.12 and Table 6.3 corresponding to the coach length DHSLMA for: 
- a single Universal Train where DHSLMA equals the value of D, 
- two Universal Trains where D does not equal DHSLMA with DHSLMA taken as just greater 

than D and just less than D, 

and D, D IC, P, dBA, dBS and ec are defined as appropriate for articulated, conventional 
and regular trains in Figures E.1 to E.3: 

.t.t .t.t .t.t .t.t .t.t (P) 

WI c1 c1 II P 00 00 
II L D J 
d BA 

Figure El - Articulated train 

.t.t.t.t .t.t.t.t .t.t.t.t .t.t.t.t .t.t.t.t (~ 

Q 1L..-..r1l-. ---'--'-oo.......-.-.I~L..-..rOO-------'D--OO-J-'l~1 00"'--· --,"--"'--r"~"'-'-'1 .... 1 oo~·'-'--· ~(3IE).....-'--'It;f7 
d~ d M 

Figure E2 - Conventional train 

.t.t .t.t .t .t .t .t .t.t.t .t (P) 

I 
n ;It tD1C} D j 
d BA 

Figure E3 - Regular train 

(2) The point forces, dimensions and lengths of the Universal Trains defined in 6.4.6.1.1 
do not fonn part of the real vehicle specification unless referenced in E.1 (1). 

E.2 Selection of a Universal Train from HSLM-A 

(1) For sin1ply supported spans that exhibit only line beam dynamic behaviour and with 
a span of 7 n1 or greater a single Universal Train derived from the load model HSLM-A 
ITIay be Llsed for the dynamic analysis. 
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(2) The critical Universal Train is defined in E.2(5) as a function of: 

- the critical wavelength of excitation Ac [m] defined in E.2( 4) 

where the critical wavelength of excitation Ac is a function of: 

- the wavelength of excitation at the Maximum Design Speed Av [m] given in E.2(3), 
- the span of the bridge L [m], 
- the maximuln value of aggressivity A(u)c)Gu.) [kN/m] in the range of excitation 

wavelength froin 4,5 ill to L [m] given in E.2(4). 

(3) The wavelength of excitation at the Maximum Design Speed Av [m] is given by: 

Av = Vos Ino (E.3) 

where: 

no First natural frequency of the simply supported span [Hz] 
Vas Maximum Design Speed in accordance with 6A.6.2(1) [mJs] 

(4) The critical wavelength of excitation Ac should be determined from Figures EA to 
E.17 as the value of A corresponding to the maximum value of aggressivity A(u;.)GUc ) for 
the span of length L [In] in the range of excitation wavelength fro111 4,5 n1 to Av. 

Where the span of the deck does not correspond to the reference length L in figures EA 
to E.17, the two figures corresponding to the values of L taken as either just greater than 
the span or just less than the span of the deck should be taken into account. The critical 
wavelength of excitation Ac should be determined from the figure corresponding to the 
maximum aggressivity. Interpolation between the diagrams is not permitted. 

NOTE It can be seen from Figures E.4 to E.17 that in many cases /Lc = /Lv but in some cases /Lc 
corresponds to a peak value of aggressivity at a value of /L less than /Lv. (For example in Figure E.4 for /Lv 
= 17m, /Lc = 13m) 

1200 

1000 

E 
Z 800 
2S 

2: 600 
C!) 

~ 400 
<::C 

200 

o 

h ~ ~ 
1"-h ~ ~ ..... ~. 

~ ~ ... t..J~ 1\ 4~ I 

r~ u II \ 
J,fW ",- II 

\. ~~ 

• I~ o 5 10 15 20 25 30 

Jo[m] 

Figure E.4 - Aggressivity A (LlA)G(A) as a function of excitation wavelength A for 
a simply supported span of L = 7,5 m and danlping ratio S = 0.01 
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Figure E.5 - Aggressivity A (LI,,-)GO .. ) as a function of excitation wavelength A for 
a simply supported span of L = 10,0 m and damping ratio C; = 0.01 
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Figure E.6 - Aggressivity A (LI,,-}GO.) as a function of excitation wavelength A for 
a simply supported span of L = 12,5 m and damping ratio C; = 0.01 
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Figure E.7 - Aggressivity A (LI, .. )GO.) as a function of excitation wavelength A for 
a simply supported span of L = 15,0 nl and danlPing ratio 0.01 
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Figure E.8 - Aggressivity A (LlA)G(A') as a function of excitation wavelength 2 for 
a simply supported span of L = 17,5 m and damping ratio r;; = 0.01 
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Figure E.9 - Aggressivity A (L/A)G(A) as a function of excitation wavelength 2 for 
a simply supported span of L = 20,0 m and damping ratio t; = 0.01 
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Figure E.10 - Aggressivity A (LlA)G(A) as a function of excitation wavelength 2 
for a simply supported span of L = 22,5 m and danlping ratio 0.01 
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Figure E.ll - Aggressivity A (Llfv)G(A) as a function of excitation wavelength A 
for a simply supported span of L = 25,0 m and damping ratio 0.01 
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Figure E.12 - Aggressivity A(LlA)G(A) as a function of excitation wavelength A 
for a simply supported span of L = 27,5 m and damping ratio t;= 0.01 

250 
! 

50 

1\ 
/1 \ 

~~ 

! 

1/ \ 
/ ~ 

( I 
) 

1~ I 

I .. ~ ~ ~ ; 
I{\ ~ V )~ ~( 

r-~ I wi ... .,.. ..., 

200 
:[ 
z 
6 150 

Q) 100 

~ 
'C 

o o 5 10 15 20 25 30 

A[m] 

Figure E.13 - Aggressivity A (LlA)G(A) as a function of excitation wavelength A 
for a simply supported span of L = 30,0 m and damping ratio t; = 0.01 



160 

140 

,--, 120 
~ 
~ 100 

2: 80 
(.') 

~ 60 

"( 40 

20 

o 
ill Jjj ~ 

o 5 

~ ~ 
~ [, 

10 
If ~-

15 

A[m] 

~ 

J 
( 

/ 
P 

\ / 
) / 
\ / 
~( 

20 25 

BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

/\ 
I \ ~ 

1\ 
I \ 

\ , 

30 

Figure E.14 - Aggressivity A(LlI.)GO.) as a function of excitation wavelength /L 
for a simply supported span of L = 32,5 nl and damping ratio r; = 0.01 
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Figure E.1S - Aggressivity A (ljA)GO.) as a function of excitation wavelength /L 
for a simply supported span of L = 35,0 m and damping ratio r; = 0.01 
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Figure E.16 - Aggressivity A(LlA)G(A) as a function of excitation wavelength /L 
for a simply supported span of L = 37,5 m and damping ratio 0.01 
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Figure E.17 - Aggressivity A(LlA)Gp.) as a function of excitation wavelength A 
for a simply supported span of L = 40,0 m and danlping ratio S = 0.01 

(5) The critical Universal Train in HSLM-A is defined in Figure E.18: 
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Figure E.18 - Paranleters defining critical Universal Train in HSLM-A as a 
function of critical wavelength of excitation Ac [m] 

NOTE For values of ~ Ac @il < 7 m it is recommended that the dynamic analysis is carried out with 
Universal Trains A 1 to Al 0 inclusive in accordance with Table 6.3. 

Where: 

D Length of intern1ediate and end coaches defined in Figure 6.12 [m] 
d Spacing of bogie axles for intermediate and end coaches defined in Figure 6.12 

[In] 
N Number of intermediate coaches defined in Figure 6.12 
Pk Point force at each axle position in intermediate and end coaches and in each 

power car as defined in Figure 6.12 [kN] 
AC Critical wavelength of excitation given in E.2( 4) [ITl] 

(6) Alternatively the aggressivity A(U?v)G(A) [kN/m] is defined by equations E.4 and E.5: 
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(EA) 

(E.S) 

where i is taken froln 0 to (M-I) to cover all sub-trains including the whole train and: 

L Span [m] 
M Number of point forces in train 
P k Load on axle k [kN] 
Xi Length of sub-train consisting of i axles 
Xk Distance of point force Pk froln first point force Po in train [In] 
/L Wavelength of excitation [In] 
t; Damping ratio 
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AnnexF 
(inforn1ative) 

Criteria to be satisfied if a dynamic analysis is not required 

NOTE Annex F is not valid for Load Model HSLM (Annex F is valid for the trains given in F(4)). 

(l) For silnply supported structures satisfying the maximum value of (v/nO)lim given in 
Tables F.l and F.2: 
- the n1aximun1 dynan1ic load effects (stresses, deflections etc.) and 
- the fatigue loading at high speeds (except where the Frequent Operating Speed 

corresponds to a Resonant Speed and in such cases a specific dynamic analysis and 
fatigue check should be carried out in accordance with 6.4.6) 

do not exceed the values due to ([J2 x Load Model 71 and no further dynamic analysis is 
necessary and 
- the maximum deck acceleration is less than either 3.50mls2 or 5,Om/s2 as 

appropriate. 

Table F.1 - MaxiInum value of (VIIlO)lim for a simply supported beam or slab and a 
nlaximum permitted acceleration of a max< 3.50mls2

• 

Mass In 25,0 27,0 29,0 210,0 213,0 215,0 218,0 220,0 225,0 230,0 240,0 250,0 
103 kg/m <7,0 <9,0 <10,0 <13,0 <15,0 <18,0 <20,0 <25,0 <30,0 <40,0 <50,0 -

Span LE t; villa villa villa viII 0 vlno villa vll10 villa villa vll10 villa villa 

m a % m m m m m m m m m m m m 

[5,00,7,50) 2 1,71 1,78 1,88 1,88 1,93 1,93 2,13 2,13 3,08 3,08 3,54 3,59 
4 1,71 1,83 1,93 1,93 2,13 2,24 3,03 3,08 3,38 3,54 4,31 4,31 

[7,50, J 0,0) 2 1,94 2,08 2,64 2,64 2,77 2,77 3,06 5,00 5,14 5,20 5,35 5,42 
4 2,15 2,64 2,77 2,98 4,93 5,00 5,14 5,21 5,35 5,62 6,39 6,53 

I: 1 0,0, 12,5) 1 2,40 2,50 2,50 2,50 2,71 6,15 6,25 6,36 6,36 6,45 6,45 6,57 
2 2,50 2,71 2,71 5,83 6,15 6,25 6,36 6,36 6,45 6,45 7,19 7,29 

[12,5,15,0) 1 2,50 2,50 3,58 3,58 5,24 5,24 5,36 5,36 7,86 9,14 9,14 9,14 
2 3,45 5,12 5,24 5,24 5,36 5,36 7,86 8,22 9,53 9,76 10,36 10,48 

[15,0,17,5) J 3,00 5,33 5,33 5,33 6,33 6,33 6,50 6,50 6,50 7,80 7,80 7,80 
2 5,33 5,33 6,33 6,33 6,50 6,50 10,17 10,33 10,33 10,50 10,67 12,40 

[17,5,20,0) I 3,50 6,33 6,33 6,33 6,50 6,50 7,17 7,17 10,67 12,80 12,80 12,80 
[20,0,25,0) I 5,21 5,21 5,42 7,08 7,50 7,50 13,54 13,54 13,96 14,17 14,38 14,38 
[25,0,30,0) 1 6,25 6,46 6,46 ]0,2] 10,21 10,21 10,63 10,63 12,75 12,75 12,75 12,75 
[30,0,40,0) I 10,56 18,33 18,33 18,61 18,61 18,89 19,17 19,17 19,17 

240,0 I 14,73 15,00 15,56 15,56 15,83 18,33 18,33 18,33 18,33 

il L E [a,b) means a s L < b 

NOTE 1 Table F.l includes a safety factor of 1.2 on (VIIlO)lilll for acceleration, deflection and strength criteria and 
a safety factor of 1,0 on the (vlnO)lilll for fatigue. 

NOTE 2 Table F.1 includes an allowance of (1 +q:>" /2) for track irregularities. 
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Table F.2 - Maximulll value of (vlno)lim for a simply supported beam or slab and a 
maximunl permitted acceleration of amax< 5.0 m/s2 

Mass In 

103 kalm e 

Span LE 
rna 

[5,00,7,50) 

[7,50, 10,0) 

[17,5,20,0) 
[20,0,25,0) 
[25,0,30,0) 
[30,0,40,0) 

;::40,0 

:2:5,0 
<7~0 

; Villo 
rn 

9,0 
10\0 

rn m 

1,88 1,93 
1,93 2,13 
2,64 2,78 
2,98 

:2:10,0 
<13~0 

vlno Villa 
rn rn 

2.13 2,13 
3,08 3,]3 
3,06 5,07 
5,14 5,21 
6,25 6,36 
6,36 6,46 
5,36 5,36 
7.86 8,22 

6,50 
10,33 

18,33 18,33 18,33 

vlno 
rn 

NOTE I Table F.2 includes a safety factor of 1.2 on (v!nO)lim for acceleration, del1ection and strength criteria and 
a factor of 1,0 on the (vlnO)lim for fatigue. 

NOTE 2 Table F.2 include an allowance of (1 +tp" 12) for track irregularities. 

where: 

L is the span length of bridfe [m], 
In is the mass of bridge [10' kg/m] , 
C; is the percentage of critical danlping in [%], 
v is the Maximum Nominal Speed and is generally the MaximUlll Line Speed at 

the site. A reduced speed may be used for checking individual Real for 
their associated Maximum Permitted Vehicle Speed [In/S], 

no is the first natural frequency of the span [Hz]. 
~ and qf' are defined in 6.4.5.2 and annex C. 

(2) Tables P.I and P.2 are vaJid for: 
- simply supported bridges with insignificant skew effects that 111ay be modelJed as a 

Jine beam or slab on rigid supports. Tables P.I and P.2 are not applicable to half 
through and truss bridges with shallow floors or other complex structures that may 
not be adequately represented by a line beam or slab, 
bridges where the track and depth of the stlucture to the neutral axis froll1 the top of 
the deck is sufficient to distribute point axle loads over a distance of at least 2,50 m, 
the Train Types listed in F(4), 
structures designed for characteristic values of vertical loads or classified vertical 
loads with a ~ 1 in accordance with 6.3.2, 
carefulJy maintained track, 
spans with a natural frequency no less than the upper limit in Figure 6.10, 
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- structures with torsional frequencies lIT satisfying: nT > 1.2 x no 

(3) Where the above criteria are not satisfied a dynamic analysis should be carried out in 
accordance with 6.4.6. 

(4) The following Real Trains were used in the development of the criteria in 6.4 and 
annex F (except Load Model HSLM which is based upon the train types permitted by 
the relevant interoperability criteria). 

Type A 

E 0 6936kN V = 350km/h L 350.52m q 19,8kN/m' 

4x 195kN 4 x 112kN 4 x 112kN 

9x (4~12kN) 
4 x 112kN 4 x 195kN 

!l llill HIH HI IH Hill H 
3,0 3,0 2,45 16,5 2,5 2,45 16,5 2,5 2,45 16,5 2,45 3,0 3,0 

I I I I I I I I II I I I I I H I I I I I II I I I ;;. 

8,46 2,4 2,5 2,45 2,5 2,45 2,5 2,5 2,4 8,46 

26,40 26,40 9 x 26,40 26,40 

TypeB 

EO 8784kN V 350km/h L = 393,34m q 22,3kN/m' 

3,0 3,0 3,0 15,7 1,5 15,7 15,7 3,0 3,0 11.0 3,0 3,5 110 3,0 3,0 15,7 1,5 15,7 1,5 15.7 3,0 3,0 3,0 

II "III III I 11111 IIIII III" III \ III 11111 II 
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IO=8160kN V 350km/h L 386,67m q=21,1kN/m' 

zz zz 
.:£-'C: .:£-'C: 
00 
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:::J::::J --.1--.1 

f2f2 ~~ ~~ r- r- 3x 170kN 

HX~;1m~H 
3 x 170kN 3x 170kN 

H7XI2;m~111 
3x 17QkN zz zz 

H IHI IHI IHI H 
3,0 3,0 3,0 15,7 1,5 15,7 1,5 15,7 3,0 3,0 15,7 1,5 15,7 1,5 15,7 3,0 3,0 

I I I III I III i .. III I III I III i .. III I III I I I 
11,0 1,651,65 1,5 1,5 1,751,75 1,5 1,5 1,651,65 11,0 

21,95 

TypeD 

I Q 6296kN V = 350km/h L = 295,70m q 21,3kN/m' 

4x 187kN 4x 120kN 

H Hill HI 
4 x 120kN 4 x 187kN 

III Hill H 8x (4~20kN) 

3,0 3,0 2,1 16,0 2,1 2,1 16,0 2,1 3,0 3,0 

I I I III I I II » I I I I I II I I I 
9,0 2,3 3,0 3,0 3,0 3,0 2,3 9,0 

26,2 8 x 26,2 26,2 

TypeE 

I 0 6800kN V 350km/h L 356,05m q = 19,1 kN/m' 

~~ ~~ ~ 10x170kN ~ ~~ ~~ ~~ ~~ ~ 10x170kN ~ ~~ ~~ 

Hn!l~!nnnn!r1!nH 
2,65 2,65 8,97 13,14 8,97 2,65 2,65 2,65 2,65 8,97 13,14 8,97 2.65 2,65 

I I I I I t: If I I I I I I I I I ~ ;;: I I I I I 
8,35 5,48 5,48 8,35 7,15 8,35 5,48 5,48 8,35 

b 28,1 ~ 63,34 ~ 28,1 J 
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TypeF 

r Q 7480kN V = 350km/h L 258,70m q 28,9kl\JIm' 

4 x 170kN 4 x 170kN 7 x (4 x 170kN) 4 x 170kN 

H HIH IHI ~ IHI 
2,7 14,3 2,7 2,1 14,3 2,7 2,1 14,3 2,7 2,1 14,3 

I I I " I I I III I . I III I ) 

2,1 2,7 2,1 2,7 2,1 2.7 

~ 21,8 ~ 23,9 ~ 7 x 23,9 ~ 23,9 
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!HI H 
2,7 2,1 14,3 2,7 

I II I I I I 
2,1 2,7 
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AnnexG 
(informative) 

Method for determining the combined response of a structure and 
track to variable actions 

G.l Introduction 

(1) A Inethod for detennining the cOInbined response of a structure and track to variabJe 
actions is given below for: 

siInply supported or continuous structures consisting of a single bridge deck (G3), 
- structures consisting of a succession of simply supported decks (G4), 
- structures consisting of a succession of continuous single piece decks (G4). 

(2) In each case requirements are given for: 
- detern1ining the maximum pern1issible expansion length LTP which corresponds to 

the maximUlll permissible additional rail stresses given in 6.5.4.5.1(1) or the 
maxin1um permissible deformation of the structure given in 6.5.4.5.2(1) due to 
traction and braking and 6.5.4.5.2(2) due to vertical traffic actions. Where the 
proposed expansion length LT exceeds the penllissible expansion length LTP, rail 
expansion devices should be provided or a more refined calculation in accordance 
with the requirements of 6.5.4.1 to 6.5.4.5 carried out. 
detern1ining the longitudinal actions on the fixed bearings due to: 
- traction and braking, 
- temperature variation, 
- end rotation of deck due to vertical traffic loads 

(3) In all cases a separate check should be Illade for cOlllpliance with the maxiIlluill 
vertical displacement of the upper surface of a deck given in 6.5.4.5.2(3). 

G.2 Limits of validity of calculation method 

(1) Track construction: 
UIe 60 rail with a tensile strength of at least 900 NhllI112, 

- heavy concrete sleepers with a maxiIllun1 spacing of 65cn1 or equivalent track 
construction, 

- at least 30 cn1 of well consolidated ballast under the sleepers, 
- straight track or track radius r z 1500 m. 

(2) Bridge configuration: 
expansion length LT : 

- for steel structures: LT S 60 In, 
for concrete and composite structures: LT S 90 m. 

(3) Longitudinal plastic shear resistance k of the track: 
unloaded track: k = 20 to 40 kN per m of track, 

- loaded track: k = 60 kN per 111 of track. 
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(4) Vertical traffic loading: 
Load Model 71 (and where required Load Model SW/O) with a = 1 in accordance with 
6.3.2(3), 

- Load Model SW/2, 

NOTE The method is valid for values of a where the load effects from a x LM7I are less than or equal 
to the load effects from SW/2. 

(5) Actions due to braking: 
for Load Model 71 (and where required Load Model SW/O) and Load Model 
HSLM: 
qlbk = 20 kNlm, limited to a maximum of Qlbk = 6000 kN, 
for Load Model SW 12: 
qJbk = 35 kN/n1. 

(6) Actions due to traction: 
- qJak = kNlm, limited to a maximum of Qlak = 1000 kN. 

(7) Actions due to temperature: 
Telnperature variation I1TD of the deck: I1TD :s; 35 Kelvin, 
Ten1perature variation I1TR of the rail: I1TR :s; 50 Kelvin, 
MaxilTIUn1 difference in telnperature between rail and deck: 

II1TD -I1TR I :S;20Kelvin. (G.1) 

G.3 Structures consisting of a single bridge deck 

(1) Initially the following values should be determined neglecting the combined 
response of the structure and track to variable actions: 

expansion length LT and check LT :s; max LT according to G.2(2) and Figure 6.17, 
stiffness K of substructures per track according to 6.5.4.2, 
longitudinal displacement of the upper edge of the deck due to deformation of the 
deck: 

(5 = eH [n1n1] (G.2) 

where: 

e Rotation of the deck end [rad] , 
H height between (horizontal) axis of rotation of the (fixed) bearing and the 

surface of the deck [n1n1], 

(2) For the couples of values (unloaded/loaded track) of the longitudinal plastic shear 
resistance of the track k = 20/60 kN per m of track and k=40/60 kN per m of track and 
the linear temperature coefficient aT 10E-6 lIKelvin or aT = 12E-6 lIKelvin the 
maXimUI11 pern1issible expansion length LTP [m] is given in Figure G.l to G.4 as 
appropriate. 
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Where the point (LT ,6) describing the expansion length of the deck and longitudinal 
displacement of the deck end due to vertical traffic actions lies below the corresponding 
or interpolated curve corresponding to the longitudinal stiffness of the substructure K, 
the lnaximum pennissible additional rail stresses given in 6.5.4.5.1(1) and the D1aximum 
permissible deformation of the structure given in 6.5.4.5.2(1) due to traction and 
braking and 6.5.4.5.2(2) due to vertical traffic actions are satisfied. 

Alternatively, if this condition is not met an analysis may be carried out in accordance 
with the requirelnents of 6.5.4.2 to 6.5.4.5 or rail expansion devices should be provided. 

(1 ) 
h 

70 

"' ..... f"o., 
~ --- K2 .... -.. 
~ -- K5 -- ......... 
1-_ ......... --_.- K20 

I .....;::: 
~ 

90 

80 

60 
.~ -:=-::..=. -~ --- I--_ 

50 

40 

30 
o 

Key 

1 2 

-......... ......... 
.......... 

345 

8 ( () xH) [mm] 

.......... --

(1) Maximum permissible expansion Length LTP [m] 
k longitudinal plastic shear resistance of the track [kN per m of track] : 

for unloaded tracks: 
k20 20 kN per m of track and k40 = 40 kN per m of track, 

for loaded tracks: 
kGO = 60 kN per m of track, 

-- ------.--.-- --. --'--
6 7 8 

K stiffness of substructure per track per m of deck (i.e. substructure stiffness divided by the number 
of tracks and by the deck length) [kN/m]: 
K2 = 2E3 kN/m 
Ks 5E3 kN/m 
K20 = 20E3 kN/m 

aT linear temperature coefficient [lIKelvin], 

5( BH) horizontal displacement of the upper deck edge due to end rotation [mm]. 

Figure G.l - Permissible domain for rail stresses in simply supported deck bridges 
for aT = lOE-6 [l/Kelvin], /j.T 35 [Kelvin], k201k6o = 20/60 [kN/m] 
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(1) Maximum permissible expansion Length LTP [m] 

k longitudinal plastic shear resistance of the track [kN per III of track] : 
for unloaded tracks: 

= 20 kN per m of track and k.w 40 kN per m of track, 
for loaded tracks: 

k60 60 kN per m of track, 

6 7 8 

K stiffness of substructure per track per III of deck (i.e. substructure stiffness divided by the number 
of tracks and by the deck length) [kN/m]: 

= 2E3 kN/m 
= SE3 kN/m 

K20 20E3 kN/m 

aT Ii near temperature coefficient [lIKelvin], 

a:: eH) horizontal displacement of the upper deck edge due to end rotation [mm]. 

Figure G.2 - Pernlissible domain for rail stresses in simply supported deck bridges 
for aT = 10E-6 [l/Kelvin], b:.T = 3S [Kelvin], k40lk60 = 40160 [kN/m] 
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(J) Maximum permissible expansion Length LTP Em] 

k longitudinal plastic shear resistance of the track [kN per m of track] : 
for unloaded tracks: 

20 kN per m of track and k40 = 40 kN per m of 
for loaded tracks: 

k60 = 60 kN per m of track, 

. --.--. 
6 7 8 

K stiffness of substructure per track per m of deck (i.e. substructure stiffness divided by the number 
of tracks and by the deck length) [kN/m]: 
K2 = 2E3 kN/m 
Ks = 5E3 kN/m 
K20 20E3 kN/m 

aT linear temperature coefficient [IIKelvin], 

b'( eH) horizontal displacement of the upper deck edge due to end rotation [mm]. 

Figure G.3 - Permissible domain for rail stresses in sinlply supported deck bridges 
for aT = 12E-6 [l/Kelvin], !::iT = 35 [Kelvin], k201k6o = 20/60 [kN/mJ 
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Key 
(I) Maximum permissible expansion Length LTP [m] 

k longitudinal plastic shear resistance of the track [kN per m of track] : 
for unloaded tracks: 

k20 = 20 kN per m of track and kw = 40 kN per m of track, 
for loaded tracks: 

k60 = 60 kN per m of track, 

K stiffness of substructure per track per m of deck (i.e. substructure stiffness divided by the number 
of tracks and by the deck length) [kN/m]: 
K2 = 2E3 kN/m 
Ks = 5E3 kN/m 
K20 = 20E3 kN/m 

aT linear temperature coefficient [lIKelvin], 

J( BH) horizontal displacement of the upper deck edge due to end rotation [mm]. 

Figure G.4 - Permissible domain for rail stresses in simply supported deck bridges 
for aT = 12E-6 [l/Kelvin], I1T = 35 [Kelvin], k401k6o = 40/60 [kN/nl] 

(3) Actions in the longitudinal bridge direction on the (fixed) bearings due to traction and 
braking, to tenlperature variation and due to the deformation of the deck under vertical 
traffic loads should be detennined with the formulae given in Table G.l. The formulae are 
valid for one track. For two or more tracks with a support stiffness of Ku the actions on 
the fixed bearings may be determined by assuming a support stiffness of K = Ku 12 and 
multiplying the results of the formulae for one track by 2. 
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't d' I b"d d' f ongl U Ina n ge Irec Ion a 

Load case Linlits of validity Continuous welded rails 
With one rail expansion 

device 

L;:::: 50 m d 82.10-3 x LO.9 X K 0,4 b 2,26 X L',I x KO. 1 b 

Brakinge 
L ~ 30 nl d 126.10-3 x LO,9 x K°,4 3,51 x LI,I x KO'! 

800 + 0,5L + 0,01 K/L C 

for L > 60 m 

Temperature 
20 ~ k [kN/m] ~ 40 (0,34 + 0,013k)Lo.95 x K Q

,15 C 20 L for L < 40111 

Interpolated values for 
40<L<60m 

Deck bridge 0,11Lo,22 x ~,5 x (1,1-13) x e!f,86 SaIne as continuous 
End rotation welded rail 

Through and half 0, 11Lo,22 x ~,5 x (1,1-13) x eH Same as continuous 
through bridge welded rail 

a Where rail expansion devices are provided at both ends of the deck all the traction and braking forces are resisted by the 
fixed bearings. Actions on the fixed bearings due to temperature variation and end rotation due to vertical deflection depend 
upon the structural configuration and associated expansion lengths. 
b The braking force applied to the fixed bearings is limited to a maximum of 6000 kN per track. 

The force applied to the fixed bearings due to temperature is subject to a limit of ] 340 kN where rail expansion devices are 
provided to all rails at one end of the deck. 
d For values of L in the range 30 < L < 50 m linear interpolation may be used to estimate braking effects. 

The formulae for braking take into account the effects of traction. 

where: 

K is the support stiffness as defined above [kN/m], 
L depends upon the structural configuration and type of variable action as follows 

[m]: 
- For a simply supported deck with fixed bearing at one end: 

L=LT, 

- For a multiple span continuous deck with a fixed bearing at one end: 
for "Braking": 

L = LOeck (total length of the deck), 
for "Temperature": 

L=LT , 

for "End rotation due to vertical traffic loads": 
L = length of the span next to the fixed bearing, 

For a l11ultiple span continuous deck with a fixed bearing at an intermediate 
position: 
for "Braking": 

L = LOeck (total length of the deck), 
for "Temperature": 

the actions due to temperature variation can be detern1ined as the 
algebraic sum of the support reactions of the two static arrangenlents 
obtained by dividing the deck at the fixed bearing section, each deck 
having the fixed bearing at the intern1ediate support, 
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for "End rotation due to vertical traffic loads": 
L = length of the longest span at the fixed support, 

fJ is the ratio of the distance between the neutral axis and the surface of the deck 
relative to the height H [ratio]. 

G.4 Structures consisting of a succession of decks 

(1) In addition to the limits of validity given in G.3 the following limits of validity are 
applicable: 
- the track on the bridge and for at least 100 m on the embanknlents at both sides 

consists of continuous welded rail without an expansion device, 
all the decks have the sa111e static arrangement (fixed support at the same end and 
not on the same pier), 
one fixed bearing is situated on an abutment, 
the length of each deck does not differ more than 20% froI11 the average value of 
deck length, 
the expansion length LT of each deck is less than 30m if /j,To = 35 Kelvin, or less 
than 60 m if /j,T 0 = 20 Kelvin and there is negligible possibility of frozen ballast. (If 
the Inaximum temperature variation of the decks is intermediate between 20 Kelvin 
and 35 Kelvin, with negligible possibility of frozen ballast, the Inaximum linlit to Lr 
may be interpolated between 30 m and 60 In), 
the stiffness of the fixed supports is greater than 2E3 x LT [m] [KN/m of track per 
track] for LT = 30 111 and 3E3 x LT [m] [kN/m of track per track] for LT = 60 In 
multiplied by the nunlber of tracks, where LT is in [m], 
the stiffness of each fixed support (with the exception of the fixed support at the 
abut111ent) does not differ more than 40% from the average value of the support 
stiffness, 
the Inaxinlum longitudinal displacement, due to deformation of the deck at the top 
of the slab supporting the track of the deck end with reference to the adjacent 
abutment, evaluated without taking into account the combined response of structure 
and track to variable loads, is less than 10 mm, 
the sun1 of the absolute displacements, due to deforn1ation of the deck at the top of 
the slab supporting the track, of two consecutive deck-ends, evaluated without 
taking into account the combined response of structure and track to variable loads, is 
less than 15 111m. 

(2) The longitudinal support reactions FLj due to temperature variations, traction and 
braking and deformation of the deck may be determined as follows: 

Actions FLO on the fixed bearing (j = 0) on the abutment: 

- due to tenlperature variation: 
FLO (/j,T) determined by assuming a single deck with the length Ll of the first deck. 

- due to braking and acceleration: 
FLO = K 'qlbk (qlak) . Ll (G3) 

where: 

K = 1 if the stiffness of the abutn1ent is the same as that of the piers, 
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K = 1,5 if the stiffness of the abutn1ent is at least five tin1es greater than that of 
the piers, 

K n1ay be interpolated for intermediate stiffness, 
qluk. qlbk actions due to traction and braking according to clause 0.2(5) 

and G.2(6), 

LJ [m]length of the deck connected to the fixed support. 

- due to deformation of the deck: 

(GA) 

detern1ined in accordance with G.3 for single deck bridges where 8H is in [mm]. 

Finally, the actions on the fixed bearings on the piers should be determined in 
accordance with Table G.2. 

Table G.2 - Formulae for the calculation of bearing reactions for a succession of 
decks 

Support Temperature variation Traction/Braking Deformation of the 
j= 0 ... n FLi (11T) FL.i (qd deck 

FLi (8H) 
Abutment with first 

fixed bearing FLO (11T) FLO (qd = K qL Lo FLO (8H) 
j=O 

First pier 
j=l FLJ (I1T) = 0,2 FLO (11T) FL2 (qd = qL LJ FLJ (8H) = 0 

Intennediate piers 
j = n1 FLm (11T) = 0 F Lm (qL) = qL LIll FLm (8H) = 0 

(n-1 )th pier 
j = (n-1) FL(n-l) (11T) = 0,1 FLO (11T) FL(n-l) (q,J = qL L(n-I) F Un-I) ( BH) = 0 
(n)th pier 

J=n F Ln (11T) = 0,5 FLO (11T) F Ln (qd = qL Ln F Ln (8H) = 0,5 FLO 
(BH) 

NOTE 1 The formulae for braking take into account the effects of traction. 

NOTE 2 The braking force applied to the fixed bearings is limited to a maximum of 6000 kN per track. 

NOTE 3 The force applied to the fixed bearings due to temperature is subject to a limit of 1340 kN where 
one rail expansion device is provided. 
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AnnexH 
(infornlati ve) 

Load models for rail traffic loads in Transient Design Situations 

(l) When carrying out design checks for Transient Design Situations due to track or bridge 
maintenance, the characteristic values of Load Model 71, SW/O, SW/2, "unloaded train" 
and HSLM and associated rail traffic actions should be taken equal to the characteristic 
values of the corresponding loading given in Section 6 for the Persistent Design Situation. 

**************************************** 
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