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EN 1991-2 - Traffic loads on bridges (background)
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SAMPLES OF EUROPEAN TRAFFIC DATA

Cars Lorries % intervehicle distance<100 m
Brohltal (D) 11126 4793 26.7
Garonor (F-1982) - 2570 32.6
Garonor (F-1984) - 3686 32.3
Auxerre (slow lane) (F) 8158 2630 18
Auxerre (slow lane) (F) 1664 153 8.5
FianoR. (1) 8500 4000 26.1
Piacenza (1) 8500 5000 30.9
Sasso M. (1) 7500 3500 24.3

Table 1. Daily traffic flows per lane

Lorries (%) (2|Lorries (%)| Articulated lorries | Lorrieswith

Axles) (>2 Axles) (%) trailer (%)
Brohltal (D) 16.6 1.6 40.2 41.6
Garonor (F-1982) 38.6 2.6 47.6 11.2
Garonor (F-1984) 475 2.2 44.3 6.0
Auxerre (slow lane) (F) 22.7 1.3 65.2 10.8
Auxerre (fast lane) (F) 27.6 3.5 58.4 10.5
Fiano R. (I) 41.4 7.0 29.0 22.6
Piacenza (1) 35.3 75 35.8 21.4
Sasso M. (1) 40.1 10.0 30.2 19.7

Table 2. Composition of the commercial traffic
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EN 1991-2: TRAFFIC LOADS ON BRIDGES

Traffic measurements:
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Histogram of the axle load frequency — Auxerre slow lane - lorries
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EN 1991-2
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Histograms of the truck gross weigth — Auxerre slow lane and M4 motorway (Ireland)

EUROCODES “The way forward for the Eurocodes implementation in the Balkans”, 10-11 October 2018, Tirana
BUILDING THE FUTURE



WIM-NL vehicle sub-classes WIM-NL vehicle sub-classes

Long and heavy vehicles - MOERDIJK
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EN 1991-2: TRAFFIC LOADS ON BRIDGES
Extreme traffic scenarios

-‘;».'-‘.' Philadelphls i mm.mu.m
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Traffic jam on the Europa Bridge = I igEs
(from Tschermmenegg)
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EN 1991-2: TRAFFIC LOADS ON
BRIDGES

Load models should:

> be easy to use

» produce main load effects correctly

» be the same for local and global verifications
» cover all possible situations (traffic scenarios)
» correspond to the target reliability levels

» include dynamic effects
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Division of the carriageway into notional lanes

BUILDING THE FUTURE

Carriageway [ Number of notional Notional lane Width of the
width lanes width remaining
area
w<54m n =1 3m w—-3m
4
54m< w<6m n =2 0
: w/2
6ms<w - 3m w-3
n, = int(w/3) n,
30 'Notional lane n. 1] l1-Lanen°1 (3m)
2—Lanen® 2 (3m)
3.0 \Notional lane n. 2\
3—-Lanen® 3 (3m)
3.0 Notional lane n. 3 _
ot fane 1. 3 4 — Remaining area
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The main load model for road bridges (LM1)
diagrammatic representation

‘Qik Qik
LTI W TR T LT T LTI S [TT T LTI T TTT T T] For the determination
of general effects, the
tandems travel along
L .1 .
Lanen. L the axis of the
notional lanes
m om> =
w ot
T For local
m m oS 0, =100 kN verifications, the
— Lenen.3] 03,25 kNI’ heaviest tandem
N , should be positioned
Remaining area g, =2.5 kN/m
to get the most

unfavourable effect.
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Location Tandem system TS UDL system
Axle loads Q, (kN) i (or g, ) (KN/m?)
Lane Number 1 300 9
Lane Number 2 200 2,5
Lane Number 3 100 2,5
Other lanes 0 2,5
Remaining area 0 2,5
(qu)
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Load models for road bridges: Recommended
LM2 — isolated single axle value :

ﬂQ =y

In the vicinity of expansion joints,
X 400 kN an additional dynamic

8
Q
2 00 amplification factor equal to the
’ value defined in 4.6.1(6) should
be applied.

LY
Ll

Longitudinal traffic axis
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Horizontal loads

Braking / acceleration (limite to 900 kN):

Q, =0,60 o (2Q,)+0,10 019V L

Centrifugal loads

Qi =0,2Q, (kN) r<200 m
Qu =40Q, /r (KN) 200 <r <1500 m
Qu=0 r> 1500 m

L = length of bridge part, w = lane width [m], r = arc radius [m]
Q and g correspond to LM 1 for lane 1
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Characteristic values of multi-component traffic loads

Carriageway

Footways and
cycle tracks

Vertical loads

Horizontal loads

Vertical loads

only
Group of Main load Special Crowd loading | Braking force Centrifugal Uniformly
loads model vehicles force distributed loads
1 Characteristic Combination
values value
2 Frequent Characteristic | Characteristic
values values values
3 Characteristic
values
4 Characteristic Characteristic
values values
5 see 3.5 and Characteristic
figure 19 values
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EXAMPLE OF AN ORTHOTROPIC STEEL DECK
BRIDGE (THREE SPAN CONTINUOUS BRIDGE)
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The structure is made up of an orthotropic steel
deck, with closed trapezoidal stiffeners, sustained by

P
Muuuuguuuwuuuuug_guu i T aboxgirder.
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RELEVANT INFLUENCE LINES (Bending Moment M)

Influence Line for Max Sag Moment in Span 1

0 e51.36
5 60 120 180 240 300 360
-10

-15

-20
\/,

-25

Influence Line for Hog Moment at Support 2

15

3168
0 ’0\1&

N

+69.24

60 120 180 240 00 360

Influence Line for Max Sag Moment in Span 2

180

120 180

[e}

300360

)
&

-10
-15
-20 21
-25

EUROCODES “The way forward for the Eurocodes implementation in the Balkans”, 10-11 October 2018, Tirana
BUILDING THE FUTURE



Definition of loads
Structural self-weights : Other dead loads:

g, = A, v = 0.584 m? x 78.5 kN/m3 = 45.84 kN/m g, = 2.2 kN/m?2 = 25.52 kN/m
Increased by 6% =48.6 kN/m

Traffic loads:

w= 10.50 m. As w > 6.0 m, the number of conventional lanes (each of which has a

width, w, = 3.0 m) is given by:
n = Int[ }_I t[lo 50} 3
3 3
A residual area is left, its width given by:
w.=w-n,-3.0m=10.50m-3-3.0m=1.50m
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Q7300 kN Q=300 kN

Load Model 1

2000

Q=200 kN Q,,=200 kN
oo Q7100 kN Q=100 kN Conventional lane Q, [kN] g, [kN/m?]
2000 Lane 1 300 9.0
=9 K/ \||||||||| TTTTTTTTT] TTTTTTTT]0 Lane 2 200 2
2=2.5 kNm” | sy =2.5 KN/m” =25 K Lane 3 100 2.5
\IIIIIIIII LIS L]
Muuuukuuuuuuuuuuuuuu Residual area 0 2.5
/
| |
\_ | ./
\\ | / / notional lane 1
\ \:/ / notional lane 1 =
L L L i 1 1 1 notional lane 2
remaining area
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Wind actions

ka — %,0 Vﬁ C Aref

Open parapet
—— - @
o
w
JU
Open safety
barrier

Solid safety barrier or
parapet or noise barrier

Road restraint systems On one side On both sides

and shields

Open parapet or open d+0.3 m d+0.6 m
safety barrier

Solid parapet or solid a+d, a+2 d,
safety barrier

Open parapet and open d+0.6 m ad+1.2 m
safety barrier
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Wind actions 1
ka = E/O Vﬁ C Aref

C is the wind force coefficient C=c, ¢, C=c. ¢,

c, is the exposure coefficient for kinetic pressure  C (Ze) =7 (z.)c (Ze )[1 +7-1, (Ze )]
Ci IS the force (drag) coefficient

Orography factor c,=1 K,

L) {2

Iv(zmin) If Zmin 21

Turbulence intensity

Turbulence factor k=1

Terrain category Il: Area with low vegetation such as grass and isolated obstacles (trees, buildings)
with separations of at least 20 obstacle heights

roughness length z,=0.05 m  minimum height z,,,=2 m

Terrain factor k=0.19
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Wind actions

Cr(zmin) If Zm|n 27

c,(z.)=0.19-In (élogj 1.156

I,(z.)= 1 ~0.164

1.0-In 21.90
0.05

C.(z.)=1.156% -1.0*-[1+7-0.164] = 2.869

1.25

q,(z.) = 2.869- == 27.02 =1307 N/m?

EUROCODES
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bridge type

Wind actions

1 II 111
c.(z.)=1.156*-1.0% - [1 + 7-0.164] = 2.869 A T T f TT T T I
+—b—+ +—b— +—b—
9, (z.)= 2.869-1:22.27.0° =1307 N/m? .
2 e
~_
+—b—+

Unloaded bridge  simpiified method c¢;,=1.3

A =d L

ref,x -

N/

trusses separately

Cy = min[2.4; max[2.5 —0.3£; 1.3}} c. =2.5-0.3 11.6 _ 1.709
’ d f,X . . 4.4 .

tot

a) construction phase or open parapets
(more than 50% open)

n, =max(l-0.005¢,;0.7)=0.95

1 b) With parapets or noise barrier or traffic

»

T T T T T L] L Lol
6 7 8 9 10 11 12 bld,,

e S Fox = 0o (Ze )t xArerx =1.307-1.709-0.95-4.4 = 9.34kN/m

w,
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Wind actions Unloaded bridge

For =02 ) (A . =1.307-1.709-0.95- 4.4 = 9.34 kN/m

- 40 mm
o / |
. C:-!
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\ | /
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Wind actions  Loaded bridge 7 =max(1-0.005¢;0.7)=0.95

, b
Simplified method ¢;,=1.3 Crp = mln(2-4; maX(Z-S—OBGI ;1-0D =2.5-0. 3% =1.9 EN1991-1-4
11.
F, =0.6-1.307-1.9-0.95-5.8 = 8.21kN/m EN1991-1-4 (=25-0372-2.023 NAD(D
F, = 0.6-1.307-1.99-0.95-6.8 = 10.07kN/m NAD()
— ™ = —

2mEMN 1991-1-4
3 m ltalian National Annex

— uuuuuuuuuuuuu%uuuuu
) |

|
|
|
—- NV
— - N

- \ \ L L L i 1 1 1 / /
wind action e Fuxx
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Thermal actions (Uniform)

Assuming that in the site under consideration
the maximum and minimum air shade
temperatures with an annual probability of
being exceeded of 0.02 are

T.2x=40 °C and T7_;,=-10 °C, respectively, the
uniform bridge temperature components for a
steel bridge result 7,,.,=56.6 °C and 7, ,i,=-
13.3 °C

AT=420 °C — NAD (1))

EUROCODES
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Thermalaactions -

;

40 mm

Non uniform variations
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Stress calculation Local effects on the deck plate

40| GO0
¥

..... i

036 73R
N0 >
LM1 - TS LM2
150 200
= =522.1 kN/m? = =523.6 kN/m?
Pt = 0.536.0.536 / Paa = 5 736.0.486 /
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Calculation methods for esimplified calculation models: e.g., Cornelius, ...
eAnalytical models: Pelikan-Esslinger

e FEM models

the orthotropic deck
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Orthotropic deck «Influence lines» for different wheel contact areas

10 WHEEL/ GEOMETRICAL DEFINITION
AXLE TYPE
S S —— — e i ! /\\10\
[MPa] 3 ( 2 X [m] 15 2,00 m
10 .~ ==———y=0-wheel A — | X
=y =0 - wheel B A » 23
-20 y=0- wheelC —————— L—J
-30 200 m
o X
-40
20 l—_|—| 320 | 320 ‘ 320
=[O 1= =T 0AT=
-50 H B 220 220 ]-2.2-0‘ EB;I
-60
I,ﬂ)ﬂ(m
-70
= [ I 1=
80 C L H

-90
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Calculating the main structure

|\/|g(A)=%-(gb +g,)L2 :%-74.12 120,02 =85381.8 kNm
1 o 1 2
MQ(B):—E-(gb+gp)-L =~ 1o 7412 120.0° = 1067274 kNm

1 1
M,(C)= %-(gb +g,) 2= 257412 120,07 =26681.8 kNm

EUROCODES

BUILDING THE FUTURE

The effects of self-weight and dead loads
v¢=1.35 unfavourable - y;=1.00 favourable

Single source principle

M, (A); =1.35-85381.8 =115265.4 KNm

M, (B), =1.35--106727.4 =—144082.0 kNm

M, (C), =1.35-26681.8 =36020.4 kNm
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Effects of traffic loads vo=1.35 unfavourable - y,=0 favourable

q=(7.2+2.5+2.5)-3.0 +2.5-1.5 = 40.35 kN/m
qy =1.35-40.35=54.47 kN/m

c Q=2-2(Q,+Q,+Q,)=2-(300+200+100)=1200 kN

(involves the implicit assumption that a single concentrated force represents the 12
forces corresponding to the wheels of the two pairs of tandem axles on each lane).

Q, =1.35-1200=1620 kN Concentrated load

B T TR0 N T Y 10 S Y P T A e U P T L Y R L - e TR VA 0 21 T 1 A YT ] Y P T TV T RO T T 7 I [T 77 B I 1 0 O ) ] Tl A 1 T 1 P 0 T, 22 I 00 L0
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Uniformly distributed load

Maximum positive moment in the central span

e Maximum positive moment in the two lateral spans:

e Maximum negative moment on the support.

Ry PPV YIOVORUVRVEYYRYVOVRUOVE RAESESAE SRR ARAREESE ORGSR ORI B G o0 B 0 U T LS T
yyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy
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Influence Line for Max Sag Moment in Span 1

5
0 ,51.36
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Q, =1620 kN

gy =54.47 kKN/m
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Calculation of the transverse section
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maximum torque in the box girder
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Application of transverse wind load

vq=1.5 unfavourable - y,=0 favourable

gﬂi /S ?H

uuuuu%uuuuuuu%uuuuu _
| | / Loaded bridge
N / —

2mEN 1991-1-4
3 m ltalian MNational Annex

| U UWUygyuyggygygygre
| /
| /
|
|
|

/

N

|
|
|
|
N —™

Fux =1.5-9.34=14.01kN/m —-

Unloaded bridge /

— N

—_— \

/

- \ \ r r C i 1 1 1 /
wind action e Fux

Fux =15-821=12.31kN/m EN1991-1-4

w

F, ., =1.5-10.07 =15.10kN/m NAD(I)
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Thermal actions - Non uniform variations

[% gﬂ Simplified approach
| 18 °C
w\guuuwuguuwﬂ
|
\ | _/
N | Vi
~ i
s
\I/
- - - i ’ ) : JII 13°C
2
M)
M,y = 'hAT b 'SEJ ~135309 kNm M ;=2 'hAT : 6'5EJ —_9772.3 kNm

EUROCODES “The way forward for the Eurocodes implementation in the Balkans”, 10-11 October 2018, Tirana
BUILDING THE FUTURE



EXAMPLE OF A CONCRETE BRIDGE
(SIMPLY SUPPORTED PRESTRESSED
CONCRETE BRIDGE IN AN URBAN AREA)
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45.0 m
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Load definition

Structural self-weights :
The weight of each beam is: g, = A, y = 31.0 kN/m

The thickness of the concrete slab is 30.0 cm; therefore, its weight is: g, = 7.5 kN/m2.

Dead loads: g_,, = 2.2 kN/m?

Notional lanes for traffic loads

n, =Int{v3q_1 t[7350} 2 w, =w-n -3.0m=7.50-2-3.0=1.50m
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Load Model 4 — Crowd loading
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Wind action (unloaded)

ze=7.63

For unloaded bridge. the coetfficient ¢y 1s

R R
. b L) 11.8
c,.=mi1l 24 max| 2.5-03—:1.3[|=25-0.3 =1.669.
. tot }) 4.26

If must be noted that the simplified approach proposed in EN1991-1-4 allowing to
set c,=1.3 1s generally unsafe-sided.

the force F,z, for unloaded bridge is then
Foix = qp[:F Je: A, =0.54-1.669-4.26=3.84 kN/m.
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Wind action (loaded) —_—

2mEN 1991-1-4

3 m lItalian National Annex

H:E i i gﬁ
Z
When the bridge is loaded, the exposed height increases by 2.0 m (3.0 m in the Italian
National Annex), so it becomes 5.06 m (6.06 m).
In that case the coefficient ¢, is then

=25- G_BE =180
5.06

Z

, b
Cpo= mm[lf—l; max[E_S— 03—:10

rot

or, according to the Italian National Annex,

€y, =min| 2.4 max 2.5—0.3i;1_0 =2.5—D.3E=1.916
: _ d 6.06

rot

and also for loaded bridge the simplification ¢;,=1.3 results unsafe-sided.
Since y4,=0.6, the combination values wg,Fyi. for the eguivalent wind force for

loaded bridge result
wﬂn'}:;ﬂ‘:.x = wﬂn'qp[:e:kf_x‘{rqf.x =06-054-1.8-5.06 =2.95kN/m

Vo Fopx =W,z s oA, =0.6-0.54.1.916-6.06 = 3.76 kN/m
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Thermal action (uniform)

70
Assuming that in the site under 60 . //
consideration the maximum and minimum 5o // /”
air shade temperatures with an annual 40 - =24
probability of being exceeded of 0.02 are s vb::::iA
Tmax=40 °C and 7,,=-10 °C, respectively, 5 ,, -
the uniform bridge temperature 10 A
components for a concrete bridge result . yZ
Tomax=41.7 °Cand T ;,=-1.8 °C ;10 - , ////

o S

-30 //:/ A

w

_5(-)50/-40 -:30 -20 -10 O 10 20 30 40 50

Tmin Tmax
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Thermal action (non uniform)

Linearly varying vertical temperature difference components can be set to
ATy hea=+15 °C for top warmer than bottom and to
ATy coo=+8 °C for bottom warmer than top

; ..

% %
1% 1 1% ///
/ // 7
| fﬁ ;
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2 7 ]
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Load effects — Transversal distribution — Traffic load
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Load effects — Transversal distribution — Crowd loading

| BRRRREREDN
G =5.0 kN/m”

T

Qg =5.0 kN/mjf| 3 [ LI L]
|
|
%

ndf | IR
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Calculating the maximum effects on the main beams

Distribution of a moving train middle axis
of loads that yields the 1 /2
maximum absolute bending rR|
moment in the simply Q Q
supported beam (Asimont?’s) |
theorem. V _
| S
L
\
Asimont’s theorem
\ R
R 2 Simplified: R on midspan M ax = a : (L -2 C)
M., =M ):—-(L—Z-c+—j
M
_max ~ 0,018 %
M maXx
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Load effects - Maximum bending moment in the transverse beam
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Load effects -

EUROCODES

BUILDING THE FUTURE

Minimum bending moment in the transverse beam

G =5.0 kN/m® G =5.0 kN/m’
RIAANAR |
q\fk\_\mN\T\ A
| |
% 77
1% %
Al

-0.30 A

|y
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e e
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Some less common bridge examples
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Rehabilitation, repair and seismic
upgrading of an historical amsonry bridge
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The historical masonry bridge, crossing the Magra
river, is connecting the small towns of Mulazzo and
Villafranca in the northern part of Tuscany (1)
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Single lane carriageway masonry
arch bridge built in1874:

8 arches spanning 19 m around
each;

12 m height intermediate masonry
piers on shallow foundations;

dept of the original pier
foundations diminishing from
Villafranca toward Mulazzo
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The bridge during the erection phase

In 1874 the course of the river was slightly different; the bridge
was on a right bend (velocity of the current higher on Villafranca
side (left bank

.....
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To carry two lanes, in 1961 carriageway was widened by means
of two lateral prestressed concrete beams, hiding the arches and
modifying severely the bridge original aspect.
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In 2005-2010 a severe crack pattern appeared in two
arches in Mu/azzo Slde due to scour of the piers
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rogramme
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During the 2011 Magra flooding two arches collapsed
Light traffic was allowed by a Bailey bridges
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Rationale of the interventions
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Recovering the original aspect

*
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Details of the strengthening intervention
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Erection of the new concrete arches
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The rc continuous slab
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Strenghtening of existing piers

7.05

e

/Polystyrene s=30 mm

Strenghtening of the
existing pier by means
of steel bars @24
spaced 1 m horizontally
and 0.8 m vertically

o

srrActoots
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e Phase 1. strengthening of the external body of existing piers
(steel bars ¢$24, spaced 0.8 m vertically and 1.0 m horizontally,
duly injected) and foundations of the existing piers (external
micropiles connected to the existing foundations and protected

from scour by means of stone barrier (light traffic permitted);
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e Phase 2: erection of foundation and body of the new concrete

pier (light traffic permitted on the bridge);
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Phase 3: setup of alternative routes to mitigate the effects of the closure of
the bridge;

Phase 4: dismantling of prefabricated beams in c.a.p. put in place in 1961
to widen the carriageway and restoration of the external surfaces

Phase 5: disassembly of the Bailey bridge;

Phase 6: erection of the two new spans in c.a. cast in place (Fig. 19);
Phase 7: strengthening of the remaining part of the bridge (6 arches);
Phase 8: erection of the new r.c. concrete deck slab (Fig. 19);

Phase 9: finishes.
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o Phase 3: setup of alternative routes to mitigate the effects of the closure of the bridge;
o Phase 4: dismantling of prefabricated beams in c.a.p. put in place in 1961 to widen

the carriageway and restoration of the external surfaces
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e Phase 7: strengthening of the remaining part of the bridge (6 arches);

e Phase 8: erection of the new r.c. concrete deck slab

e Phase 9: finishes.
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Thank you for your attention
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