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GENERAL ORGANISATION FOR ROAD BRIDGESGENERAL ORGANISATION FOR ROAD BRIDGES

TrafficTraffic loadload modelsmodels

-- Vertical forces : LM1, LM2, LM3, LM4Vertical forces : LM1, LM2, LM3, LM4
-- Horizontal forces : Horizontal forces : brakingbraking andand
accelerationacceleration, , centrifugalcentrifugal, transverse, transverse

Groups of Groups of loadsloads

-- gr1a, gr1b, gr2, gr3, gr4, gr5gr1a, gr1b, gr2, gr3, gr4, gr5
-- characteristiccharacteristic, , frequentfrequent andand
quasiquasi--permanent valuespermanent values

CombinationCombination withwith actions actions otherother thanthan
traffictraffic actions actions 
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Field of application :Field of application : loadedloaded lengthslengths lessless thanthan 200 m (maximum 200 m (maximum 
lengthlength takentaken intointo accountaccount for for thethe calibrationcalibration of of thethe EurocodeEurocode ––
For For veryvery long long loadedloaded lengthslengths, , seesee National National AnnexAnnex) ) 

LoadLoad Model Model NrNr. 1. 1
ConcentratedConcentrated andand distributeddistributed loadsloads (main model (main model –– general andgeneral and
local local verificationsverifications))

LoadLoad Model Model NrNr. 2. 2
Single Single axleaxle load load (semi(semi--local local and and local local verificationsverifications))

LoadLoad Model Model NrNr. 3. 3
Set of Set of specialspecial vehicles vehicles ((general and general and local local verificationsverifications))

LoadLoad Model Model NrNr. 4. 4
CrowdCrowd loadingloading : 5 : 5 kNkN/m/m22 ((general verificationsgeneral verifications))

LOAD MODELS FOR LIMIT STATESLOAD MODELS FOR LIMIT STATES
OTHER THAN FATIGUE LIMIT STATESOTHER THAN FATIGUE LIMIT STATES
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Traffic Load 

Models 
Characteristic values Frequent values Quasi-permanent values 

Road bridges    
LM1 

(4.3.2) 
1000 year return period 
(or probability of 
exceedance of 5% in 50 
years) for traffic on the 
main roads in Europe (α 
factors equal to 1, see 
4.3.2). 

1 week return period for 
traffic on the main roads 
in Europe (α factors 
equal to 1, see 4.3.2). 

Calibration in 
accordance with 
definition given in EN 
1990. 
 

LM2 
(4.3.3) 

1000 year return period 
(or probability of 
exceedance of 5% in 50 
years) for traffic on the 
main roads in Europe (β 
factor equal to 1, see 
4.3.3). 

1 week return period for 
traffic on the main roads 
in Europe (β factor equal 
to 1, see 4.3.3). 

Not relevant 

LM3 
(4.3.4) 

Set of nominal values. 
Basic values defined in 
annex A are derived from 
a synthesis based on 
various national 
regulations. 

Not relevant Not relevant 

LM4 
(4.3.5) 

Nominal value deemed to 
represent the effects of a 
crowd. Defined with 
reference to existing 
national standards. 

Not relevant Not relevant 
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CarriagewayCarriageway widthwidth ww
widthwidth measured between kerbs (height more than 100 mm measured between kerbs (height more than 100 mm –– recommended recommended 

value) or between the inner limits of vehicle restraint systemsvalue) or between the inner limits of vehicle restraint systems
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Division of Division of thethe carriagewaycarriageway intointo notionalnotional laneslanes

1 1 –– LaneLane NrNr. 1 (3m). 1 (3m)

2 2 –– LaneLane NrNr. 2 (3m). 2 (3m)

3 3 –– LaneLane NrNr. 3 (3m). 3 (3m)

4 4 –– RemainingRemaining areaarea

 
Carriageway 

width w  
Number of 

notional lanes 
Width of a 

notional lane lw  
Width of the 

remaining area 

mw 4,5<  1=ln  3 m mw 3−  

mwm 64,5 <≤  2=ln  
2
w  0 

wm ≤6  ⎟
⎠
⎞

⎜
⎝
⎛=

3
wIntnl  3 m lnw ×− 3  

NOTE  For example, for a carriageway width equal to 11m, 3
3

=⎟
⎠
⎞

⎜
⎝
⎛=

wIntnl , and the 

width of the remaining area is 11 - 3×3 = 2m. 
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TheThe main main loadload model (LM1)model (LM1)

qq1k1k = 9 = 9 kNkN/m/m22

qq2k2k = 2,5 = 2,5 kNkN/m/m22

qq3k3k = 2,5 = 2,5 kNkN/m/m22

qqrkrk = 2,5 = 2,5 kNkN/m/m22

qqrkrk = 2,5 = 2,5 kNkN/m/m22
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TheThe main main loadload model for road bridges (LM1) : model for road bridges (LM1) : diagrammaticdiagrammatic
representationrepresentation

For For thethe determinationdetermination
of of generalgeneral effectseffects, , thethe
tandems tandems traveltravel
centrally alongcentrally along thethe
axes of axes of notional lanesnotional lanes

For local For local verificationsverifications, a tandem , a tandem 
system system should beshould be applied at the applied at the 
most unfavourablemost unfavourable location.location.

WhereWhere twotwo tandems on  tandems on  
adjacent adjacent notionalnotional laneslanes
are are takentaken intointo accountaccount, , 
theythey maymay bebe broughtbrought
closercloser, , thethe distance distance 
betweenbetween axlesaxles beingbeing
not not lessless thanthan 0,50 m 0,50 m 
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TheThe main main loadload model (LM1)model (LM1)

EN 1991EN 1991--2 2 «« Traffic LoadsTraffic Loads on Bridgeson Bridges »»

ExampleExample of values for of values for αα
factorsfactors (National Annexes) (National Annexes) 

11stst class : international class : international heavy heavy 
vehicle trafficvehicle traffic

22ndnd class : class : «« normalnormal »» heavy heavy 
vehicle trafficvehicle traffic

 
Classes 1Qα  2≥iQiα  1qα  2≥iqiα  qrα  

1st class 1 1 1 1 1 

2nd class 0,9 0,8 0,7 1 1 
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Examples of 
influence surfaces 

(transverse 
bending moment) 

for a deck slab
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Example of application of 
LM1 to the concrete slab of 

a composite bridge
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LoadLoad model model NrNr. 2 (LM2). 2 (LM2)

1QQ αβ =RecommendedRecommended valuevalue :: (National (National AnnexAnnex))
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Dispersal of Dispersal of concentratedconcentrated loadsloads

a) Pavement and concrete slaba) Pavement and concrete slab

1 Wheel contact pressure1 Wheel contact pressure

2 Pavement2 Pavement

3 Concrete slab3 Concrete slab

4 Middle surface of concrete 4 Middle surface of concrete 
slabslab

b) Pavement and orthotropic deck

1 Wheel contact pressure

2 Pavement

3 Bridge floor

4 Middle surface of the bridge 
floor

5 Transverse member
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HORIZONTAL FORCES : HORIZONTAL FORCES : BrakingBraking andand accelerationacceleration ((LaneLane NrNr. 1 ). 1 )

LwqQQ kqkQk 11111 10,0)2(6,0 αα += kNQkN kQ 900180 1 ≤≤α

ααQ1Q1 = = ααq1q1 = 1= 1

QQlklk = 180 + 2,7L= 180 + 2,7L

For 0 For 0 ≤≤ L L ≤≤ 1,2 m1,2 m

QQlklk = 360 + 2,7L= 360 + 2,7L

For L > 1,2 mFor L > 1,2 m
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HORIZONTAL FORCES : HORIZONTAL FORCES : CentrifugalCentrifugal forcesforces

r : horizontal radius of r : horizontal radius of curvaturecurvature of of thethe carriagewaycarriageway
centrelinecentreline [m][m]

QQvv :: total maximum weight of vertical concentrated loads total maximum weight of vertical concentrated loads 
of the tandem systems of LM1of the tandem systems of LM1

∑
i

ikQi Q )2(α

vtk QQ 2,0=  (kN) if  r < 200 m 

rQQ vtk /40=  (kN) if  200 ≤ r ≤ 1500 m 

0=tkQ  if  r > 1500 m 
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Group of Group of loadsloads gr1a : gr1a : 
LM1 + LM1 + «« reducedreduced »» value value 
of of pedestrianpedestrian loadload on on 
footwaysfootways or cycle or cycle tracks tracks 
(3 (3 kNkN/m/m22))

Group of Group of loadsloads gr1b : LM2 gr1b : LM2 
(single (single axleaxle loadload))

Group of Group of loadsloads gr2 : gr2 : 
characteristiccharacteristic values of values of 
horizontal forces, horizontal forces, frequentfrequent
values of LM1values of LM1
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Group of Group of loadsloads gr4 : gr4 : 
crowdcrowd loadingloading

Group of Group of loadsloads gr5 : gr5 : specialspecial
vehiclesvehicles (+ (+ specialspecial
conditions for normal conditions for normal traffictraffic))

Group of Group of loadsloads gr3 : gr3 : 
loadsloads on on footwaysfootways andand
cycle cycle trackstracks
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Table 4.4b Table 4.4b –– Assessment of groups of traffic loads (frequent Assessment of groups of traffic loads (frequent 
values of the multivalues of the multi--component action)component action)

 CARRIAGEWAY FOOTWAYS AND 
CYCLE TRACKS 

Load type Vertical forces 
Reference EN 

1991-2 
4.3.2 4.3.3 5.3.2(1) 

Load system LM1 (TS and UDL 
systems) 

LM2 (single axle) Uniformly 
distributed load 

gr1a Frequent values   
gr1b  Frequent values  Groups 

of loads 
gr3   Frequent value a) 

a) See 5.3.2.1(3). One footway only should be considered to be loaded if the 
effect is more unfavourable than the effect of two loaded footways. 
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LoadLoad Model Model NrNr. 1 (FLM1) : . 1 (FLM1) : SimilarSimilar to to characteristiccharacteristic LoadLoad Model Model NrNr. 1. 1
0,7 x 0,7 x QQikik -- 0,3 x 0,3 x qqikik -- 0,3 x 0,3 x qqrkrk

LoadLoad Model Model NrNr. 2 (FLM2) : Set of . 2 (FLM2) : Set of «« fequentfequent »» lorrieslorries

LoadLoad Model Model NrNr. 3 (FLM3) : Single . 3 (FLM3) : Single vehiclevehicle

LoadLoad Model Model NrNr. 4 (FLM4) : Set of . 4 (FLM4) : Set of «« equivalentequivalent »» lorrieslorries

LoadLoad Model Model NrNr. 5 (FLM5) : . 5 (FLM5) : RecordedRecorded traffictraffic

EN 1991EN 1991--2 2 «« Traffic LoadsTraffic Loads on Bridgeson Bridges »»
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Table 4.5 Table 4.5 -- Indicative number of heavy vehicles expected per Indicative number of heavy vehicles expected per 
year and per slow laneyear and per slow lane

(FLM3 (FLM3 andand FLM4 Models)FLM4 Models)

 

Traffic categories Nobs per year and per slow lane 
1 Roads and motorways with 2 or more 

lanes per direction with high flow rates 
of lorries 

2,0 × 106 

2 Roads and motorways with medium 
flow rates of lorries 

0,5 × 106 

3 Main roads with low flow rates of 
lorries 

0,125 × 106 

4 Local roads with low flow rates of 
lorries 

0,05 × 106 
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1 2 3 4 
LORRY 

SILHOUETTE 
Axle spacing

(m) 
Frequent 
axle loads 

(kN) 

Wheel type 
(see Table 

4.8) 

 

4,5 90 
190 

A 
B 

 

4,20 
1,30 

80 
140 
140 

A 
B 
B 

 

3,20 
5,20 
1,30 
1,30 

90 
180 
120 
120 
120 

A 
B 
C 
C 
C 

 

3,40 
6,00 
1,80 

90 
190 
140 
140 

A 
B 
B 
B 

 

4,80 
3,60 
4,40 
1,30 

90 
180 
120 
110 
110 

A 
B 
C 
C 
C 

FLM2FLM2

Set of Set of 
«« frequentfrequent »»

lorrieslorries
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A X L E /W H E E L 
T Y PE S G E O M ET R IC A L  D E FIN IT IO N  

A  

 
 

B  

 
 

C  
 

 

FLM2 : FLM2 : DefinitionDefinition of of wheelswheels andand axlesaxles (Table 4.8)(Table 4.8)
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Fatigue Fatigue LoadLoad Model Model NrNr.3 (FLM3).3 (FLM3)

A second A second vehiclevehicle maymay bebe takentaken intointo accountaccount : : 
RecommendedRecommended axleaxle loadload value Q = 36 value Q = 36 kNkN
Minimum distance Minimum distance betweenbetween vehiclesvehicles : 40 m: 40 m
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DeterminationDetermination of of thethe maximum maximum andand minimum stresses minimum stresses 
resultingresulting fromfrom thethe transit of transit of thethe model model alongalong thethe bridgebridge

TheThe stress variation stress variation isis multipliedmultiplied by a local by a local dynamicdynamic
amplification amplification factorfactor in in thethe vicinityvicinity of expansion jointsof expansion joints

TheThe model model isis normallynormally centeredcentered in in everyevery slow slow lanelane defineddefined in in 
thethe projectproject specificationspecification. But . But wherewhere thethe transverse position transverse position 
isis important, a important, a statisticalstatistical distribution of distribution of thisthis position position 
shouldshould bebe takentaken intointo accountaccount..

FinallyFinally ::

LMLMLM MinMax σσσ −=Δ

fatϕΔ

VerificationVerification procedureprocedure withwith LoadLoad Model FLM 3Model FLM 3

LMfatfat σϕλσ ΔΔ=Δ
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FrequencyFrequency distribution of transverse location of a distribution of transverse location of a 
vehiclevehicle (Models 3 to 5)(Models 3 to 5)
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Fatigue Fatigue LoadLoad Models for road bridgesModels for road bridges
RepresentationRepresentation of of thethe additionaladditional amplification amplification factor factor 

Δϕfat : Additional amplification factor 

D : Distance of the cross-section under consideration from 

the expansion joint 
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Principle of the fatigue verification with FLM 3Principle of the fatigue verification with FLM 3

EN 1991EN 1991--2 2 «« Traffic LoadsTraffic Loads on Bridgeson Bridges »»



Brussels, 18-20 February 2008 – Dissemination of information workshop 29

EUROCODES
Background and Applications

VEHICLE TYPE TRAFFIC TYPE 
 

 

1 2 3 4 5 6 7 

   Long 
distance 

Medium 
distance 

Local traffic  

 
LORRY 

 

Axle spacing 
(m) 

Equivalent 
axle loads 

(kN) 

Lorry 
persentage 

 

Lorry 
percentage 

 

Lorry 
percentage 

 

Wheel type 

 

4,5 70 
130 

20,0 40,0 80,0 A 
B 

 

4,20 
1,30 

70 
120 
120 

5,0 10,0 5,0 A 
B 
B 

 

3,20 
5,20 
1,30 
1,30 

70 
150 
90 
90 
90 

50,0 30,0 5,0 A 
B 
C 
C 
C 

 

3,40 
6,00 
1,80 

70 
140 
90 
90 

15,0 15,0 5,0 A 
B 
B 
B 

 

4,80 
3,60 
4,40 
1,30 

70 
130 
90 
80 
80 

10,0 5,0 5,0 A 
B 
C 
C 
C 

FLM4FLM4

Set ofSet of
«« equivalentequivalent»»

lorries.lorries.
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ACTIONS FROM VEHICLES ON THE BRIDGEACTIONS FROM VEHICLES ON THE BRIDGE

–– VehiclesVehicles on on footwaysfootways andand cycle cycle trackstracks

–– Impact forces on Impact forces on kerbskerbs

–– Impact forces on Impact forces on safetysafety barriersbarriers
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LOAD MODELS FOR FOOTWAYS AND FOOTBRIDGES (Section 5)LOAD MODELS FOR FOOTWAYS AND FOOTBRIDGES (Section 5)

LOAD MODEL LOAD MODEL NrNr.3.3
Service Service vehiclevehicle QQserv serv 

LOAD MODEL LOAD MODEL NrNr.1.1

Uniformly distributed load qUniformly distributed load qfkfk

LOAD MODEL LOAD MODEL NrNr.2.2
Concentrated load QConcentrated load Qfwkfwk

(10 (10 kN recommendedkN recommended))
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Recommended characteristic value for :Recommended characteristic value for :
-- footways and cycle tracks on road bridges,footways and cycle tracks on road bridges,
-- short or medium span length footbridges :short or medium span length footbridges :

Recommended expression for long span length footbridges : Recommended expression for long span length footbridges : 

LL is the loaded length [m]is the loaded length [m]

2
fk kN/m

30
1200,2
+

+=
L

q

2
fk kN/m5,2≥q

2
fk kN/m0,5=q

2
fk kN/m0,5≤q
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For footbridges only, a horizontal force should be taken into For footbridges only, a horizontal force should be taken into 
account, to be applied along the deck axis at the surfacing leveaccount, to be applied along the deck axis at the surfacing level l 
QQflkflk..
Its characteristic value, which may be altered in the National Its characteristic value, which may be altered in the National 
Annex, is equal to the higher of the two following values :Annex, is equal to the higher of the two following values :
•• 10% of the total uniformly distributed load as defined in 5.3.210% of the total uniformly distributed load as defined in 5.3.2.1,.1,

•• 60% of the total service vehicle load where relevant (5.3.2.360% of the total service vehicle load where relevant (5.3.2.3--
(1)P).(1)P).

The horizontal force is applied simultaneously with the verticalThe horizontal force is applied simultaneously with the vertical
load, but not with the concentrated load.load, but not with the concentrated load.
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Groups of Groups of loadsloads for for footbridgesfootbridges

Group of Group of loadsloads gr1gr1

Group of Group of loadsloads gr2gr2
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ThankThank youyou for for youryour
attentionattention
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