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Introduction to composite bridges in Eurocode 4
Global analysis of composite bridges

ULS verifications

SLS verifications

Connection at the steel—-concrete interface

Fatigue (connection and reinforcement)

N o o bk~ 0 DN PRE

Lateral Torsional Buckling of members in compression

All points are illustrated with numerical applications to a
twin-girder bridge with upper reinforced concrete slab.
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Composite bridges with steel girders under the slab
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EN 1993 -1-5:
Stiffeners ; Plate buckling EN 1993 - 1-8 :

Joints

EN 1993 -1-9:
Fatigue

EN 1993 -1-1:
General rules for steel

EN 1993 -1-10:
Brittle fracture

)/ \L S690 . EN1993-1-11:
- Y ) ! ' Cables i
ENZ002: | T
1-1 Permanent loads
AV ———> EN 1992 - 2 : Concrete bridges
1-5 Temperature ¢
1-6 Loads during execution
1-7 Accidental loads EN 1992 — 1-1 : General rules for concrete
2 Traffic
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2. Global analysis of composite bridges
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 Elastic global analysis without bending redistribution

e Second order effect to be considered for structures

where 0 F, <10

cr
|:Ed ,JULS

In this elastic global analysis, the following points should be taken into account :

« effects of creep and shrinkage of concrete,
» effective width of flanges for shear lag,

» stages and sequence of construction,

» effects of cracking of concrete,

» temperature effects of heat of hydration of cement (only for construction stages).

* Non-linear global analysis may be used (no application rules)
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CLASS 1 sections which can form a plastic hinge
with the rotation capacity required for a global plastic
analysis

[1 e

CLASS2  sections which can develop My With
limited rotation capacity

i I i |

CLASS 3 sections which can develop M el Rd

i : i —

COMPOSITE BRIDGES

N@

CL.1

In general, non-uniform section
CL.3/4 (except for small spans)
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When performing the elastic global analysis, two aspects of the non-linear
behaviour are directly or indirectly considered.

P MRREETRTANCAANL)  Loading q

AN JAY JAN )

I N l \I

|J
|-\ ,‘-\

Static structure 0

@ |

| Deformed structure o M at mid-span with
Yielding A increase of P

|vlpl,Rd -----------

Class 1
|\/leI,Rd

\ 4
D
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» Determination of the stresses o, in the extreme fibre of the concrete
slab under SLS characteristic combination according to a non-cracked
global analysis

* In sections where . < - 2 f,,, the concrete is assumed to be cracked
and its resistance is neglected

A A A
El, El,

El,

El, = un-cracked composite inertia (structural steel + concrete in compression)

El, = cracked composite inertia (structural steel + reinforcement)

A An additional iteration is not required.
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Simplified method usable if ;

- NO pre-stressing by imposed deformation

- L/l 0, >0.6 0.15 (L;+ L)
El
N ﬂ
AS
B SSE: L taus =
A, =0 In the cracked zones El, :

\ & « the resistance of the concrete in
v tension is neglected

* the resistance of the reinforcement is
taken into account
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Yielding at mid-span is taken into account if :
— Class 1 or 2 cross-section at mid-span (and Mgy > Mg gy )
— Class 3 or 4 near intermediate support
— Lo/l < 0.6

min’ =max

Lmax Lmin

< N
< >

Y

<
<

A A A
Class 1 or?2 Class 3 or 4

 Elastic linear analysis with an additional verification for the cross-
sections in sagging bending zone (M>0) :

\ & Meg < 0.9 M rq

or

* Non linear analysis
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e To calculate the internal forces and moments for the
ULS combination of actions

— elastic global analysis (except for accidental loads)

» linear
» non linear (behaviour law for materials in EC2 and EC3)

— cracking of the concrete slab

— shear lag (in the concrete slab : L_/8 constant value
for each span and calculated from the outside
longitudinal rows of connectors)

— neglecting plate buckling (except for an effectiveP area
of an element < 0.5 * gross area)
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e To calculate the internal forces and moments for the
SLS combinations of actions

— as for ULS (mainly used for verifying the concrete slab)

!« To calculate the longitudinal shear per unit length (SLS
and ULS) at the steel-concrete interface

| — Cracked global analysis, elastic and linear
— Always uncracked section analysis

‘ — Specific rules for shear connectors design in the elasto-
plastic zones for ULS (Mg gg < Mgg < My ra)
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< 22t > « Concrete slab = EN 1994-2
o — Same effectives width b for

| " - SLS and ULS combinations

of actions

1T 1L « Steel flange = EN 1993-1-5

— Used for bottom flange of a
j ( box-girder bridge

— Different effective® width for
IVAWAWAWSAWS SLS and ULS combinations
of actions

— 3 options at ULS (choice to
\ & Ll be performed in the National

Annex)

eff ,flange

< >
b

flange
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 Global analysis : constant for each span for simplification
(with a value calculated at mid-span)

« Section analysis : variable on both sides of the vertical

Le= 0,25(L1+L2) Le=2L3

for beg 2 ‘ for besr 2
l L.=0,70L,

supports over a length L, /4

v _ Le=085L4 |, B
\ for b 1 M\ for beg 1 |
|
1

L4

% ]

Lo L3

Li/d, Ly2 Lyl

Lo | Lpl2 | Lo

e a1

. .' : :::: i i 3 3 ..':E..:'.: '_:'::: _3 ._beff,2

; l SR




Application to a steel-concrete
composite twin girder bridge

Global longitudinal bending
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[ 60m | 80m | 60m |

«—2.5m >« 7 m > 25m-—»

b, =1000mm
IPE 600 28m
Note:
IPEGOO every 7.5m in
b, =1200mm side spans and every

8.0m in central span
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Note : Bridge dimensions verified
according to Eurocodes (cross-
section resistance at ULS, SLS
stresses and fatigue)

h = 2800 mm

Longitudinal structural steel distribution of each main girder

| b;s = 1000 mm

v [
| | b, = 1200 mm

Vg

7N\

CO P1
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= Structural steel (EN1993 + EN10025) :
= S355 N fort < 80 mm (or S355 K2 for t < 30 mm)

= S355 NL for 80 <t < 150 mm

Yield thickness t (mm)

strength

f (MPa) t<16|116<t<40|40<t<63|63<t<80|80<t<100| 100<t< 150
y

S355N 355 345 335 325

S 355 NL 315 295

Note : the requirements of EN 1993-1-10 (brittle fracture and through-thickness properties)
should also be fulfilled.

= Cross bracing and stiffeners : S355

= Shear connectors : headed studs with f, = 450 MPa

= Reinforcement : high bond bars with f,, = 500 Mpa

= Concrete C35/45 defined in EN1992 . (at 28 days) = 35 MPa
fo cube (@t 28 days) = 45 MPa
fum = -3.2 MPa

ck eyl
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n_= nO'(1+\|jL¢t)

n,=—2 for short term loading (y, = 0)

O, = (I)(t — to) creep function defined in EN1992-1-1 with :
t = concrete age at the considered instant

t, = mean value of the concrete age when a long-term
loading is applied (for instance, permanent loads)

t, = 1 day for shrinkage action

Ve correction factor for taking account of the type of loading

Permanent loads 1.1

Shrinkage 0.55

Pre-stress by imposed deformations (for
instance, jacking on supports) 1.5
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1. Concreting order of the 12.5-m-long slab segments

3x125m 4x12.5m
A > B

A\ 2

1] 2 3 16 | 15 | 14 4 5 6 4 13 12 11 | 10 9 8

A A
D

3x125m 6x125m

A

A
O

' 2. Construction timing

Non-structural equipments
Steel structure End of slab (pavement, safety barriers,...)
put in place concreting put in place

1t 16 | | Pre-stressing | Time (in days)
0] t =66 t =80 t=110
16 concreting phases in a selected order
assuming :
- :r; _—— > >
« 3 working days per segment assembling bridge
« only 1 mobile formwork (2 kN/m?2) equipments

Note : 14 days are required in EN1994-2 before introducing pre-stressing by imposed deformations.



Phase 1 3

Phase 2 8

Phase 16 | 66

63

Mean value of the ages of concrete segments :
. 66 +63+...+3

0

16 phases

used for all concreting phases
(simplification of EN1994-2).

(I)l :(I)(t:oo,to)

N, =Ny (1+1.1.4,)

= 35.25 days

+ 14 days

+ 30 days

N, =n,(1+1.5.9,)

n
»

t, = 49.25 days

b, = ¢(°O’to)

\ 4

t, = 79.25 days

(e ¢(°O’to)

N ; =Ny (1+1.1.9,)

Note : t, = 1 day when shrinkage is applied to a concrete segment.

¢, = d)(OO’to)

n_, =N, (1+0.55.9,)
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EN1992-1-1, Annex B :

(I)(t’to) = (I)o-Bc (t_to) = (1)0'[

0.3
t—to . (I)
BH+t_t0 t— ,+0 7 YO

1_RH
¢o:¢RH-B(fcm)-B(to): 1 100 oy '0‘2'{16.8]'{ - }

' 0.10.3h, i [10.1+1,°%2

* RH = 80 % (relative humidity)

* hy = notional size of the concrete slab = 2A /u
where u is the part of the slab perimeter which is directly in contact with the atmosphere.

« C35/45 : as f,, = 35+8 > 35 MPa, a, = (35/f,,)%’, a, = (35/f,,)0?

Short term loading Long term loading

Concrete self-weight | n_; = 15.49

E, Shrinkage n_, =15.23
n, = =6.16 _
Eem Pre-stressing n_, = 18.09

Bridge equipments | n ; = 14.15




service o' hudes

JE8Y cUrocoDEs Example: shear lag in the concrete slab Setra &=

Brussels, 18-20 February 2008 — Dissemination of information workshop

Equivalent spans L,:

o Py 2
’ 60 m ? 80 m ? 60 m @

In span 0.85x60 = 51m 0.7x80 = 56m 0.85x60 = 51m
on support 0.25 x (60+80) = 35m 0.25 x (60+80) = 35m

. (L
b =b, +B,b, +B,D,, where: « b, = mm[?;bij
« B,=1.0 exceptat both end supports where:

B, =0.55 + 0.025;—e <1.0

ei
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b, ! b, " p=35m ' b,=25m

Le (m) bel be2 Bl Bz beff (m)
Spans 1 and 3 51 3.2 2.2 / / 6.0
Span 2 56 3.2 2.2 / / 6.0
Internal supports P1 and P2 35 3.2 2.2 / / 6.0
End supports CO and C4 51 3.2 2.2 0.948 1.129<1.0 5.83<6.0

=> No reduction for shear lag in the global analysis
=> Reduction for shear lag in the section analysis :

b4 linearly varies from 5.83m at end supports to 6.0 m at a distance L,/4.
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Permanent loads

Grmax » Gmin | Self weight: EN1991 part 1-1
e structural steel
e concrete (by segments in a selected order)
e non structural equipments (safety barriers, pavement,...)

S Shrinkage (drying, autogenous and thermal shrinkage EN1992 part 1-1
strains) EN1994 part 2
Creep (taken into account through modular ratios)

P Possibly, pre-stressing by imposed deformations (for
instance, jacking on internal supports)

Variable loads

Ty Thermal gradient EN1991 part 1-5

UDL, TS Road traffic (for instance, load model LM1 with uniform EN1991 part 2
design loads UDL and tandem systems TS)

FLM3 Fatigue load model (for instance, the equivalent lorry FLM3) | EN1991 part 2
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Free shrinkage strain applied Shrinkage strain applied on
on concrete slab only (no the composite section (after
steel — concrete interaction) steel — concrete interaction)

l1- Auto-equilibrated stress diagram in every section and an imposed rotation
‘due to the bending moment M, = N7, :

\
f

bC
: R _ 1[N, (Nez,)2
lT T. A O concrete = _Ecgcs +;|: p + / :|
e.n.a. + 1 V4
O-sz‘ee/ = Ncs + (NCS ZCS) <
- A /
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< L >
e C e — > Mo
P1 P2

v(x)

| 3- Compatibility of deformations to be considered in an hyperstatic bridge :

Sl
Sl

/

i P3 P2

- . DT

. v(P3)=0 ; ‘

){ (P3) : ) :
‘ I\/lhyper

[ 1+2 = isostatic (or primary) effects
Effects of shrinkage <
3 = hyperstatic (or secondary) effects
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Concrete in tension
| >,

1
|
Isostatic effects |
1

1 ISO
E o e I A——
zones for calculating M

hyperstatic effects Miso

'7-5 ' SLS combinations Iso + hyper effects hyper IS0 + hyper
| ULS combinations | hyper (if class 1) hyper hyper (if class 1)

N N

f N N
 Serviceability

Limit: Stafte N N
\j i \ /.
Uldmate Miyper
Limit State — 1 —
M

hyper
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 could be neglected if all cross-sections are in Class 1 or 2

1- Non linear gradients : 2- Linear qradients :
+15 °C -18 °C
0.6h }

I y =
400 =

z —.....
‘5 ==
[ ] |

3- Difference +/- 10 °C :
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Longitudinal axis of the |

most loaded girder | | Bridae axis
i 3.5m " 3.5m |
| i i
1m 10.5m |
— 5 > |
|

Residual
Lane no. 1 Lane no. 2 Lane no. 3 area

3m 3m 3m 2m

A
A

A
A

A
Y
A
Y

1 Jauueq A1ajes
J Jaiireq Aajes

girder no. 1 girder no. 2

UDL (Uniform

Design Load) 9 kN/m= 2 5 kN/m?2
' Characteristic

300 kN / axle 200 kN / axle valyes
TS (Tandem l l of traffic loads
System) l l from LM1
>
2m
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For every permanent design situation, two limit states of the
bridge should be considered :

= Serviceability Limit States (SLS)

e Quasi permanent SLS
Gyt Grin tS+P+05T,

max min

* Frequent SLS
Guax t Gmin t S+P +0.75TS+0.4UDL+0.5T,
G+ GrintS+P+0.6T,

max min

 Characteristic SLS
Gax + Gpin + S + P + (TS+UDL) + 0.6 Tk
Ghaxt Gmint S+P + Q) +0.75TS + 0.4 UDL + 0.6 Tk
Gy +Gin +S+P+Tk+0.75TS + 0.4 UDL

max min

= Ultime Limite State (ULS) other than fatigue

135G, + G +S+P+135(TS+UDL) + 1.5 (0.6 T))
135G, + G, +S+P+135Q, +1.35(0.75 TS + 0.4 UDL) + 1.5 (0.6 T,)
135G, +G, . +S+P+15T +1.35(0.75 TS + 0.4 UDL)
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c (MPa) : Stresses in the extreme fibre of the concrete slab, under Characteristic SLS combination
when considering concrete resistance in every cross-section

]

i i

6 4 i i
i i

4 - i !
I I

i i

2 I S I

/ | N xm N~ | \

[1)] 20 40 6:0 80 100 120 1%0 160 180 200
D o .
. | =
~2.f, =-6.4 MPa
10 - ; .
12 x=49.7m | x=725m — x=1216m | x=150.6m
Cracked Cracked
Zone on zone on P2
P1 -
) L,=60m — L,=80m U L,=60m -
17 %.L, 15.6 %.L, 23%.L, | 17.7%.L,
el CEN el DEGIT en

Note : Dissymmetry in the cracked lengths due to sequence of slab concreting.
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80
60
. 50.16 2097 50.84
E_ 40 37. 41. 7.
= 20 -
= %\ /
| GCJ 0 % : X : s
g 20 N 60 100 20 140 1% 180 200
c -20 -
(@)
£ -40 -
©
S -60
§ \/ i/
.80 -80.69 -77.66

< Characteristic SLS '

—~  Fundamental ULS | ¥.103.54

-100
v -107.25] —

AN
N
o

X (m)
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8 o ..
\7.47 Characteristic SLS 1739
| Fundamental ULS

R\K 140 160 :\t\%o

:4 \Q\S\\. -3.09 %\\S\\» -2.92 \\LS.ZG
\ -5.54 \ -5.49 4
N N

-7.41

/4
/g
A

Shear force (MN)
N o
3
(0]

L .7.46

x (m)
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3. ULS verifications
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* resistance of the composite cross-sections

- to bending moment M (EN 1994-2, 6.2.1)

- to shear force V (EN 1994-2, 6.2.2.1 t0 6.2.2.3)

- to interaction M+V (EN 1994-2, 6.2.2.4)
» shear resistance of the concrete slab (EN 1994-2, 6.2.2.5(3) )
» concrete slab (EN 1992)

» shear connection (see below, point 5)

o fatigue ULS (see below, point 6)

\

i

4 W
) 3
(o

» LTB around intermediate supports (see below, point 7)
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compression

o o o o o o o o o n.n.a (+)
e.n.a
=) =)
f
tension ‘/YMO J fy/Vmo \
Elastic resistance Plastic resistance
(for classes 1to 4) (for classes 1 and 2)

e.n.a. = elastic neutral axis

p.n.a. = plastic neutral axis



EUROCODES ULS section resistanceto M <0

Background and Applications
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tension

Setra =

0.85 f /v,

compression

4
1:sk/ Ts fsk /'YS (_) ‘
‘ - p.n.a -
)
fy/YMO q
e.n.a
(+)
(+)
f
‘ fy/yMO ‘ y/yMO

Elastic resistance
(for classes 1to 4)

Plastic resistance
(for classes 1 and 2)
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» Use of the final ULS stress distribution to look for the effective cross-section

* If web and flange are Class 4 elements, the flange gross area is first reduced. The corresponding first
effective cross-section is used to re-calculate the stress distribution which is then used for reducing the
web gross area.

Ma,Ed Mc,Ed MEd = Ma,Ed + Mc,Ed
NN N TN o o
W i ------------------ m ------------------ i i
—+ j—

| ==tam e
‘\
f
| I ‘
Recalculation of the stress distribution A.1..G

‘respecting the sequence of construction

1- Flange
2- Web

Justification of the recalculated
stress distribution
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= Plastic resistance : ensured by the steel web

f
Viiarg IS calculated by using Eurocode 3 part 1-1. Vrs = Vaiars = Ay — 7
YmoV3
= Shear buckling resistance :
] nf.. h t
See Eurocode 3 part 1-5. Vis = Vora = Vow rs + Vit ra < yw' 'w w

Yl\/ll\/§

= Interaction between M and V :
» For Class 1 or 2 sections :

— If Vg,< 0.5.V, No interaction occurs.

— If not, the criterion Mg, <M, g4 Is verified using a reduced M, , value

L bett N
™ g

0,85 fed

i 70 §

L 2
V,
. 0-plhe |+ l E:) - ! ( Vad J

fyd

» For Class 3 or 4 sections : See Eurocode 3 part 1-5.
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¢+ For the solid slab of a composite bridge:

V. < V e Shear reinforcement (A, for b =1 m) is not necessary (nor the
Ed minimum shear reinforcement area according to EN1992-2,9.2.2)

1/3
Vig.c _[ 0. K(@00pf )Y +k o |bh, > (v, + Ko, )bh,
o |If the concrete flange is in tension :  Cgy, = 015 12 k, =0.12
c
. N, 10 |
i\ cSCp,O = _185 Mpa < ch = m 8 A ,/ ——Lower fibre T\\A
| c —2—Upper fibre
| e ol 11 LN = |
v, — 0035k T, s, /y \&B& éw l\ %) \\
| min — " . ck _ 7
Lty | AT AN
1. [200 I A 1NN !
=L h % gL_g_q 20 40 60 80 100 120 140 160 18ng
Ast é 4] w
) pl = bh ? -6 -
; -8 \ X (m)
10 |
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Section 2, Section 2

Concrete in tension Concrete in compression

M<O M=>0

Class 3 (elastic section analysis) Class 1 (plastic section analysis)
My.s = -107.25 MN.m MyLs = +56.07 MN.m

Vyis = 7.47 MN Vyis = 1.04 MN




JEJ cURocoDES Example: Cross-section 2, under bending  SaEl=4

dess routes
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Stress diagram under bending

F—ZE m 4< 3.5m 4>’

. P _1712 MPa —
. ] : -149.2 MPa N
............... LN N NI NN NI N NNIRENNNR] _275-8 MPa
1000 x 120 mm=2
2560 X 26 mm2 / 1200 x 120 mm?=
261.3 MPa
. . . f.
Elastic section analysis : —434.8 MPa=-—*<¢c__
Ts

f
-295 MPa=-—-<o¢
Tmo

steel,sup

f
steel,inf < —- = 295 MPa

MO

(o)
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First cross-bracing

P1 in central span
| : 2
— a=8000mm —— k, =534+ 4(h—W) ~5.75
A a'
V., = 7.47 MN h, | 31e g
h, = 2560 mm Lo
Vgg = 6.00 MN Shear buckling to be considered:
t, = 26 mm
! w My L,
Vra = Vb,Rd = VbW,Rd + be,Rd < \/*
T V3
Contribution of the web V,,, rq | Contribution of the flange V4
T, =K.0p =19.58 MPa Vit re = 0.245 MN can be neglected.
— f
M = / ™_ -1.33>1.08
TCI’\/§
Y = —1'37_ =0.675
0.7 + Aw
f
Vow g = T —=h, t,, = 8.14 MN
" YMl\/g
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ﬁ >0.5 SO the M+V interaction should be checked, and as the section is in
Vid Class 3, the following criterion should be applied (EN1993-1-5) :
_ M — 2
N+ {1— fRd }[2113 -1] <10
pl,Rd

at a distance h,/2 from internal support P1.

M gqg =117.3 MN.m  : design plastic resistance to bending of the effective composite section
excluding the steel web (EN 1994-2, 6.2.2.5(2)).

M, e =135.6 MN.m : design plastic resistance to bending of the effective composite section.

— V
Ns = Bd_ -0.89
bw,Rd
N MEd Mf Rd
N, =—=+=0.73<——=0.86 As Mgy < Mg rg, the flanges alone can be used to
MpI,Rd MpI,Rd resist M whereas the steel web resists V.

=> No interaction !
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4«—25m - P>P¢—35m P> f
| 9.2 MPa 0.85<«
Tc
, 202.0 MPa +
L p.n.a. I )
fyf
1000 x 40 mm2 f "o
__w _
2720 x 18 mm=2 Yuo
B -305.2 MPa —1

e

1200 x 40 mm?2

Plastic section analysis under bending : Mg, =56.07 <M, oy = 79.59 MN.m
h, ) h, . 3le . .
k.=534+4|—*| =580 and t_W > —— /K, , so the shear buckling has to be considered:
a w M
nf..h,t,
Veg =2.21 MN < Vo =V eg = Vowra T Vorra = Vowra = 4-44 MN < —= =" =10.64 MN
ONE
Ve <05 => No M+V interaction !

VRd
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4. SLS verifications
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e Limitation of stresses in cross-sections at characteristic SLS

—W— | c. <0.6.f, (concrete in compression)
M=>0
j c, <1.0.f,
PN N NN . o, <0.8.f, (reinforcement in tension)

: <

| M<O G, < 1.0.fyk
L

" |

i V.

If

» Crack width control

* Limitations of deflections (national regulations)

* Web breathing (fatigue phenomenon, see EN1993-2)

Note : for shear connectors, see section 5 below
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1. Minimum reinforcement required

- In cross-sections where tension exists in the concrete slab for characteristic SLS
combinations of actions

- estimated from equilibrium between tensile force in concrete just before cracking
and tensile force in the reinforcement (at yielding or at a lower stress level if
necessary to limit the crack width)

2. Control of cracking due to direct loading

The design crack width w, should be limited to a maximum crack width w, .
by limiting :

- bar spacing s < S«
- or bar diameter ® < © .,

Wax depends on the exposure class of the considered concrete face

max max depend on the calculated stress level o, = o + Ao, in the

\ &, Sinax and @
2 reinforcement and on the design crack width w,

3. Control of cracking due to indirect loading

For instance, concrete shrinkage.
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XC4, XS1*, XD3**, XF3 or XF4**

XC3, X81*
waterproofing layer @
i
/ — !
XC4, XS1*, XD3**, XC4, XS1*, XD3***
XF1 or XF2** _
XC4, XS1*, XD3*** * : for bridges near sea water
XF1 or XF2** ** : for bridges subjected to (very) frequent salting
*** . for the bottom surface of a bridge deck located
within 6 m above a road with (very) frequent salting
I
| Class Description of the environment
I XO No risk of corrosion or attack of concrete

Risk of corrosion of reinforcement | XC1 to XC4 | Corrosion induced by carbonation
XD1 to XD3 | Corrosion induced by chlorides

XS1to XS3 | Corrosion induced by chlorides from sea water
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Hypothesis : Bridge in a low-level frost area

The choice of exposure classes leads
to define :

XC4, XF3 * a minimum resistance for concrete
(according to EN1992 and EN206),
XC3 for instance C30/37

waterproofing layer /

* a concrete makeup (maximum E/C

/ e ratio, minimum cement content)
! according to EN206
XC4, XF1
XC4

XC4, XF1

* a structural class (S1 to S6) for
every face of the slab, chosen
according to Table 4.3 in EN1992
and to the retained concrete

* a minimum concrete cover for
every face of the slab according to
the exposure class and the structural
class




service o' hudes

Y] cURocoDEs Maximum crack width w,__. Sefra [

Brussels, 18-20 February 2008 — Dissemination of information workshop

Recommended values defined in EN1992-2 (concrete bridges) :

Table 7.101N — Recommended values of Wax and relevant combination rules

Exposure Class Reinforced members and prestressed Prestressed members with
members without bonded tendons bonded tendons
| Quasi-permanent load combination | Frequent load combination
X0, XC1 0,32 0,2
XC2, XC3, XC4 0,20
XD1, XD2, XD3 XS1, XS2 :
’ ’ ‘ : Decompression
XS3 P
@ For X0, XC1 exposure classes, crack width has no influence on durability and this limit is set to guarantee acceptable appearance.
In the absence of appearance conditions this limit may be relaxed.
b For these exposure classes, in addition, decompression should be checked under the quasi-permanent combination of loads.

The stress level o ( in the reinforcement is calculated for the quasi-permanent SLS
combination of actions (in case of reinforced concrete slab).

The tension stiffening effect Ao, should be taken into account.
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s* k. =—————+0.3<1.0
h
1+—°
2z,
ks=0.9
k=0.8

fct,eff - 1Ectm and

G = fsk

calculated with n, change in the

location of the

v

neutral axis
before after
cracking cracking
ksk'[kcfct,effActJ = GSAS

stress distribution within the tensile concrete height h, before cracking
(including indirect loading) + change in the location of the neutral axis
at cracking time

reduction of the normal force in the concrete slab due to initial cracking
and local slip of the shear connection

effect of non-uniform shape in the self-equilibrating stresses within h,

give the minimum reinforcement section A_ ..
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The elastic neutral axis is located in the steel web for every section of the
bridge, so A is the slab section : A ;=6 x0.34 =2.04 m?

h,=0.34m
Z,=0.52m
: 1
K. =min +0.3;1.0 | =1.0
h
1+ =
2z, |

1:ct,eff = 1:ctm =-3.2 Mpa
f, = 500 MPa

A min = 94 cm?2 which means a minimum reinforcement ratio p; ,,, = 0.46%

S, min

For the design, the following reinforcement ratios have been considered :
« Top layer : high bonded bars with ¢ = 16 mm and s = 130 mm, so P ,, = 0.46%
« Bottom layer : high bonded bars with ¢ = 16 mm and s = 130 mm, s0  Ps yotiom = 0-46%0

We Verify : ps,top + ps,bottom = 092% 2 ps,min
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A, is put in place through n high bonded bars of diameter ¢ per meter.

Steel stress | Maximum bar diameter ¢ (mm) for design crack width
o W
(N/mm®) w=0.4mm C w=03mm ) wi=0.2mm
 ———
] 160 40 32 25
Diameter ¢* 200 32 25 16 f
Y ct,eff
240 20 16 12 - 2 9 MPa
(Table 71) 280 16 12 8
320 12 10 6
\ 360 10 8 5
or 400 8 4
450 6 5
Steel stress Maximum bar spacing (mm) for design crack
o width wy
. N 2 A.=l) < =) n=l).
| SpaCI ngs = 1/n (N/mm") wi=0.4mm (i =0.3mm) w=0.2mm
\ 160 300 300 200
(Table 7.2) 200 300 250 150
240 250 200 100
280 200 150 50
320 150 100 -
360 100 50 -
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The stress level o, due to direct loading at quasi-permanent SLS combinations of actions can be
calculated :

* Top and bottom layers : A, with ¢ = 16 mm and s = 130 mm, SO Py 1, = Ps pottom = 0-46%0

* 0,, = 106 Mpa (maximum tension) at quasi-permanent SLS in the top layer

ﬂ N

100

ol
o
o,

T |4 K\

o

S Pl
(0))]

(7|) < T T T T T

Qa 0 0 100 20 40 160 180 200
@

I

(7)) '50 -

Q

(79}

n

Q

N 100 A

Stresses in the upper layer
X (m) of reinforcement, calculated
by neglecting concrete

-150 resistance (in tension).
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fctm
pS aSt

» Tension stiffening effect : Ac, =0.4

= in the considered cross-section (where o, is maximum) :

Al

o = —I =1.31 P, = 0.929%  (Reinforcement ratio)

a a

a

- Ac,=0.4 oy =106.2 MPa
pSaSt

. o©,=0,,+Ac, =212.2 MPa

. CD*maX =22.3 mm (interpolation in Table 7.1 of EN 1994-2)

- ®=16mMm<®_ =@ 3.2/2.9=24.6 mm

or

e S, ., =235 mm (interpolation in Table 7.2 of EN 1994-2)

e s=130MM<s__. =235 mm

max
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The stress level o, due to indirect loading (for instance, concrete shrinkage) can not
be calculated in the reinforcement.

In the sections where the concrete slab is in tension for characteristic SLS
combinations of actions, o, is estimated using :

o, =k Kk f, . 2 -09081.032 —22% 2504 Mpa

A, 0.92% 2.04

The reinforcement layers are designed using high bonded bars with ¢ = 16 mm.
0% = ¢ Ty offy o = 2.9/3.2 = 14.5 mm

The interpolation in Table 7.1 from EN 1994-2 gives : o . = 255 Mpa

We verify :

cs = 250.4 Mpa < o o« = 255 Mpa
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5. Connection at the steel-concrete interface
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Objective :

Transmit the longitudinal shear force v, ¢4 per unit length of the steel-concrete
interface

Performed by the use of shear connectors (only studs in EN1994) and transverse
reinforcement

 Full interaction required for bridges

» Elastic resistance design of the shear connectors at SLS and at ULS

* Plastic resistance design of the shear connectors at ULS in Class 1 or
2 cross sections where My g < Mgy < My

« Shear connectors locally added due to concentrated longitudinal shear
\ & force (for instance, shrinkage and thermal action at both bridge deck
| ends or cable anchorage)

» ULS design of transverse reinforcement to prevent longitudinal shear
failure or splitting in the concrete slab
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Resistance of the headed stud shear connector K&
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h > 3d

2,

16 <d <25mm

P, =min [PR,((”; PRk(Z)]
nd?
« Shank shear resistance : PRk(l) =0.8f, { 1 }
« Concrete crushing : P, =0.290d”/f  E__

if 33234 , then a=0.2(£+1j
d d

else o=1

Limit State | Design resistance | National Annex
P
U.L.S. Py =& v, =1.25
Tv
S.L.S. k,.P., k,=0.75
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* SLS and ULS elastic design using the shear flow v _¢, at the steel-concrete
interface, which is calculated with an uncracked behaviour of the cross sections.

Setra

Az +Az, ZI = Ll
Vv x) = . :
L,Ed ( | e.n.a.
Uncracked
mechanical properties
SLS ULS

For a given length |. of the girder (to
be chosen by the designer), the N,
shear connectors are uniformly
distributed and satisfy :

satisfy :

Vg —(X)<11

For a given length |. of the girder (to be
chosen by the designer), the N.” shear
connectors are uniformly distributed and

N,

service o' hudes
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1.4

1.2 1

0.6 1 \ ||
\ / \ ) Studs with :
0.4 \/ \/ V d =22 mm
h=1
— Shear flow at SLS (MPa/m) 50 mm

0.2 in S235
Shear resistance of the studs (MPa/m) "

O I | I I | I I I
0 20 40 60 80 100 120 140

1 -
Vi & [SLS]O : \N\

in MPa/m
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* Using the same segment lengths |. as in SLS calculation
and the same connector type

N A /
.‘ h Jan A
Vi [ULS] \ /\/ W\\ / \ / \ /

e el V2NN \#

VN YN

0.4 A
— Shear flow at ULS (MPa/m)
0.2 Shear resistance of the studs (MPa/m)
I I
0 ) ) ) ) ) )

wm
o

20 40 60 80 100 120 140



800 —
700
600 —
500 A | —
400 j‘ 1 | | | | %
300 A
200

—spacing at SLS (mm)
100 spacing at ULS (mm)

I
O I ) ) ) ) ) X (m)
0 20 40 60 80 100 120 140

,_ => Elastic design governed by ULS.
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» Eventually adding shear connectors in the elasto-plastic zones
where M rq > Mgy > Mg gq

@) »

I&II’S'[ yielding in one fibre of

\the cross-section where /

|
|
|
|
|
|
|
. |
~ N

t Meg = Mg ry |
;& _ g _/1' . I\.IB (or I\!B*) s dgtermined by
Elastic Elasto-plastic| using an interaction M-N
design . design | diagram in the section B.
I I *
NIM N' . n_NB(OI‘NB)—NA
; A s P/ Vv
L connectors to put between

sections A and B.
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» Two options : simplified diagram (straight line GH) /

more precise diagram (broken line GJH)

Mg (N.m)
Mogal H
_‘ ________ MEd ............... |
Mara [ 777777 | :
! i
! !
+ Mc,Ed : :
| |
! !
| | Lo
|
----------- I\/Ia,Ed G : i i i
' T Ne®)
0 |\IeI,B NB NB I\IpI,B ®
* Plastic resistance of the concrete slab (within the N 0.85. fck b h
effective width) to compressive normal force : pl.B —

Tc



EUROCODES Elastic resistance moment in the section B K& =
— M
Ma e + Me e = Ed
2 o _
0-c( ) ; § fcd_fck/ Te
7 cSas(l) ; Gas(z) as gfyk
+ | —
v
‘ Gai(l) Gai(z) Cai
stress diagram stress diagram ULS stress
| for load cases applied for load cases applied diagram in Section B (if
to the structure before to the structure after yielding is reached in the
concreting Section B concreting Section B extreme bottom fibre)

.k (<1)is the maximum value for keeping
step 3 within its yield strength limits. => | Mg rg = Magq + K. M gq

(For instance, o, + k.o,@ =1, )
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50 - ’ ; ' ’ v
- n B —e—M_Ed_
40 Sce:ftlo 1 Arpretet ——M_pl,Rd+
(Class 1) B
30

S/

M (MN.m)

X (m)

Maga(B) = 2.7 MN.m -----> Mgy(B) = 22.3 MN.m < M, g4 (B) = 25.7 MN.m
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f, = -345 MPa 11.9 MPa

88.2 MPa (OF8
7 } Gas(Z) 7 151.7 MPa
+ p— /
— Z L Z

2
-63.0 MPa G, -360.3 MPa

M, (B) = 2.7 MN.m M. £4(B) Mc4(B) = 22.3 MN.m

M, g4(B) = 22.3 — 2.7 = 19.6 MN.m
5, = (-360.3) — (-63.0) = -297.3 Mpa

o f, —(-63.0)
k is defined by k = -2 B

ai

=0.95<1.0

o

Mg rq IS then defined by M, oy = M, ¢4 + K. M gy = 21.3 MN.m
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k * ULS stresses

D = 5.6 M
) " 0.95*11.9 MPa
26.9 cm
3.6cemy L 0.95*3.0 MPa
— 0.85f°—" —~19.8 MPa
0.65m Yo
N, = 0.85f°—".AC .« = 30.3 MPa N, = 11.4 MN
Yo oo
Mg (MN.m)
Myirg = 25.7
Mg, = 22.3
Mg rg = 21.3
M, = 2.7
Ng (MN)
0
N, = 30.3
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ULS Stresses (MPa) in the bottom steel flange :
Section B

=-360.3 Mpa)

-

400

( max

S
300 A /\
200 /\

A/\m Y\ \\l

100 | .
2 80 100 \4\1_0 10 | ' |
-100 + I : I
-200 A | I |
33m 1! - 128m
-300 L \ / — T PS T
400 LA - . . | |
/ Section A Section C
fy
b = 5.6 m Section A Section C
X " 11.8 MPa 11.3 MPa
26.9 cm
3.6cm Ty L 3.1 MPa 2.9 MPa

0.65 m N, (A) = 12.1 MN N,(C) = 11.5 MN
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* 9 rows with 4 studs and a longitudinal spacing equal to 678 mm

(designed at ULS)
e =678 mm

—
I T T TTTTTT

3300 mm 2800 mm

———m -
Y
A
—_———Y

Section A Section B Section C

Simplified (25.8-12.1)/(4x0.1095) = 28 | (25.8-11.5)/(4x0.1095) = 33 rows

In(:ieg;gf;;gn rows spacing = 2800/33 = 84 mm
spacing = 3300/28 = 118 mm (which is even lower than 5d=110 mm !)

More precise | (15.7-12.1)/(4x0.1095) = 9 rows | (15.7-11.5)/(4x0.1095) = 10 rows

mt_eractlon spacing = 3300/9 = 367 mm spacing = 2800/10 = 280 mm
diagram
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* for solid slabs :

) yt{\'\
I
i/

‘\ « to allow a correct welding of the connector : 25 mm < e,

% ) . d <2.5¢,

d< 1.5, for a structural steel flange in tension, subjected to fatigue
h>3d

@, >15d

N...q = 0.4d

>
—+
-

[ ]
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= Longitudinal spacing between shear connectors rows

— to insure the composite behaviour in all cross-sections :
€max = MIN (800 mm; 4 h)
where h is the concrete slab thickness

— if the structural steel flange in compression which is connected to the

concrete slab, is a class 3 or 4 element : [*235
emaX S 22tf -
fy

* to avoid buckling of the flange between two studs rows :

235

 to avoid buckling of the cantilever ey -long part of the flange : ey < 9’[f _

f

y

: — and if the used shear connectors are studs : 5d<e.,

= Transversal spacing between adjacent studs
€yrans min = 2.9.0  for solid slabs

€irans min >44 in other cases

t
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Truss model for transverse reinforcement which supplements the shear strength of
the concrete on potential surface of failure (a-a for instance)

| b, 'a b, a
> Detr } >
!
hc \ ‘ \ /
=

e

\

\Q Transverse K
reinforcement | O@Q

| <

| A, +A

|
| /
0
|
T VL,Ed /
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« tension in reinforcement : Vohe.(Im).tan @, < (A, +A,).f,
- £,
» compression in concrete Struts : Voo <0.6|1- 250 f.4-SINO; cos 6,

« for slabin tensionat ULS: 1.0<cotan6, <1.25 (or 38.6°< 0, < 45°)

» for slab in compression at ULS : 1.0 <cotan®, <2.0 (or 26.5° <6, < 45°)

» Other potential surfaces of shear failure defined in EN1994-2 :
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6. Fatigue (connection and reinforcement)
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In a composite bridge, fatigue verifications shall be performed for :

* the structural steel details of the main girder (see EN1993-2 and EN1993-1-9)

* the slab concrete (see EN1992-2)

* the slab reinforcement (see EN1994-2)

* the shear connection (see EN1994-2)

Two assessment methods in the Eurocodes which differ in the partial factor vy, for
fatigue strength in the structural steel :

Assessment method
(National Choice)

Consequence of detail failure for the bridge

Low consequence

High consequence

Damage tolerant

\ Required regular inspections and Y = 1.0 Yur = 1.15
: maintenance for detecting and repairing
fatigue damage during the bridge life
Safe life 135
No requirement for regular in-service Twe = 1.15 Tme = 4

inspection for fatigue damage
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In a given structural detail of the bridge which is subjected to repeated fluctuations of stresses
due to traffic loads, a fatigue crack could initiate and propagate. The detail fails when the
damage D in it reaches 1.0 :

Log Ac (stress range)

Fatigue S-N curve of the
studied detail (EN1993-2)

with 2 slopes (m=3 and m=5)

Longitudinal
stiffener on a web

crack Ao,

ooooooooooooooooooooooooo

I-----l--

J damage ! : Log N (cycles)
< : Z j ; >
—1=d i N, = N,=5.10° N,=100.10°
N 2.106

>
S
pd

n.
Total damage in the detail: D = Zﬁl
i

In term of D, the actual traffic (n,, Ag;), Is equivalent to ng =X n, cycles of
the unique equivalent stress range Acg.
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—1,20 m|~ 6.00 m N m!‘ axle =120 kN

« 2.10% FLM3 lorries are assumed to cross the bridge per year and per slow lane defined
in the project

* every crossing induces a stress range Ac,, =[Gy, ¢ - Omins | IN @ given structural detail

* the equivalent stress range Acg in this detail is obtained as follows :

Acg = AMD.AG, where :

* ) is the damage equivalence factor

» @ is the damage equivalent impact factor
(= 1.0 as the dynamic effect is already
included in the characteristic value of the
axle load)
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In a structural steel detail (in EN 1993-2):
7\':7“1 7\‘2 7\‘3 7\“4 < 7\‘max
which represents the following parameters :

= ), :influence of the loaded lengths, defined in function of the bridges
spans (< 80 m) and the shape of the influence line for the internal forces
and moments

= ), :influence of the traffic volume

= )5 : life time of the bridge ( A;=1 for 100 years)
= ), :influence of the number of loaded lanes
= A

max - INfluence of the constant amplitude fatigue limit Ao at 5.10° cycles

For shear connection (in EN1994-2): A, = }\‘v,l'}\‘v,Z'}\’v,S'va
\ | Forreinforcement (in EN1992-2): A = (Pfat'Ks,l'}\‘s,Z'ks,S'ksA

b For concrete in compression (in EN1992-2 and only defined for railway bridges):

}\‘c = 7\‘c,0'7\‘c,1'7\‘c,2,3'7\“c,4
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« for road bridges (with L< 100 m) : A, =1.55

 hypothesis for the traffic volume in the example (based for instance on the
existing traffic description in EN 1991 part 2):

N, = 0.5.10° lorries per slow lane and per year with the following distribution

i ' - | ' .
%Q o —o0 %ﬂ\*@*ﬁ Q@H o—oo oo
Q, = 200 kN Q, =310 kN Q, = 490 kN Q, =390 kN Q, = 450 kN

40% 10% 30% 15% 5%

e Yot
Mean value of lorries weight : Q. = 3 =407 kN
ni

(1/8)

N

n,, = Nos |0 _ 407 _4 gyg
4801 0.5.10 480

« bridge life time = 100 years, so A, 3 =1.0

e -

« only 1 slow lane on the bridge, so Ay, =1.0 ‘ A, =1.314 ‘
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Basic combination of non-cyclic actions Fatigue loads
G . (orG_)+1.0 (or 0.0)S+0.6T, |" FLM3
In every section :
y max (Or Mmln) Ma Ed M c,Ed MFLM3,max and I\/lFLM3,min

.| » Bending moment in the section where the structural steel detail is located :

MEd,maX,f = Ma,Ed + IvlC,Ed + MFLM3,max I\/lEd,min,f = Ma,Ed + I\/lc Ed I\/IFLMS,min

| . » Corresponding stresses in the concrete slab (participating concrete) :

V Vv V V
1 1 _ 1 1
O Edmaxf — Mc Ed + MFLM3 max Oc Edminf = |vlc,Ed + |vlFLM3,min
) 3 ) ) I ) I I I
1 n 1 n 1 n 1 no

L 0 L

Case |o >0
c,Ed,max,f Va V1 V1 Va V1 V1 Vl
\ 1 G . >0 Acp = Ma,Ed s Mc,Ed — T MFLMS,max T | Ma,Ed i Mc,Ed - T MFLMS,min — | =AM, —
\ ¢,Ed,min,f | | | | | | |
a 1 1 a 1 1 1
GC,Ed,max,f < 0 _ h
AG - AIVlFLM'S
. <0 P I
cSc,Ed,mln,f
cSc,Ed,max,f >0 V1 Vz Vl V2
Ao, =M__ | 2—=2|+M LM, . 2
o . <0 p c,Ed | I FLM3,max I FLM3,min I
c¢,Ed,min,f 1 2 1 2
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goguence of 1|2 |3 |16 |15 |14 |4 |5 |6 |7 |13 |12 | 11| 10| 9| 8
concreting

30

25

N
o

Stress range (MPa)

80 100 120 140 160 180 200
x (m)

=¥ Stress range from M_min —=— Stress range from M_max
— always without concrete participation — always with concrete participation
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Case O Ed,max.f >0 V1
1 o Ac, p AMFLM3 o
O¢edming > O ’ I,
Case | o, g maxt <0 vV, M. o + MeLuz max
2 Ao. =M., +M |—=+ Ao 1-— '
c . <0 S,p c,Ed FLM3,min I s,f M +M
¢,Ed,min,f 2 c.Ed FLM3,min
Case Gc,Ed,max,f >0 V1 V2
3 o . <0 AGs,p = IVlc,Ed + MFLM3,maX 0 Ivlc,Ed + I\/IFLM3,min - T chs,f
c¢,Ed,min,f |1 |2

* influence of the tension stiffening effect

fctm Fatigue 0.2
Ao, =0.2 a.p A SLS verifications : 0.4
stM's
Al
Oy = F ps = S ef .100
a a c,eff

* in case 3, M. g4 is a sum of elementary bending moments corresponding to different
load cases with different values of v,/I; (following n,).
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T Tension
stiffening AGS,f
A effect
<
AGs,p,2 Slope v,/1, (fully
cracked behaviour)
A
v
AG , 4 .

cd, posite M
section «
A ‘
AGypal < case
|
W@ Slope v/l | |

|
|
| l‘ || | <_ case 3 >¢

v Meeg +M

FLM3,min

cEd T MFLM3,max 0'5 Stresses in the reinforcement (>0 in compression)
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« In a structural steel detail : Ve AC, < —= Ver ATg < —
Y v ¥ vt
5
. YerACE VerATe <1.0
Ac, /ny At /VMf
.I:‘: ! i . Ac
| » In the reinforcement : Ve i AL < T Rsk. ~1.15
A Jfa - S,fat —
yS,fat

log Ac,
A

sk

Ao, =162.5 MPa
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Qr r= 130 mmarr= w3

71 WG = e wd
80

A0 r<wh

w200 mm ;1= 30 mm 112t tapered in width or thickness with a slope < 174
w300 ; M =1=50 pgl" @ =01 bandslope = 114
w2 300 ;£ S0 mm g @< 0.2 b and slope < 1/4
- T full penetration, made from one side only

25
" ywith reduction factor 31— for ¢ = 25 mm
f

la*

Butt welds made from one
side only with partial
penetration or fillet welds
(A in the weld)

ra radius transition :

transition with chamfer

L

smooth radius transition

= 150 mm - —

r= 150 mmorr = { /3 o)

Cim=r=l3| T

r<{ 6 | 50

l!f. < 30 mm

B
50 < { Z8mm | 7y

80 < <10mm | 63

56

=130 mm
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T= N AGC_ \m:3

§ MPa At, 80 MPa m=5

N (l0g) T ——
N, = " i | AGE N, = Ng (log)

.=
2.108cycles 2.106cycles

(A’CR )m N, = (A‘CC )m N,

1. For asteel flange in compression at fatigue ULS :

i
At =1.0
Ver ATg £ — with the recommended values : "
YMf,s ny,s =1.0

For a steel flange in tension at fatigue ULS :

Ao AT, Vs ACE + VerATe <13

At. < —= =
ny YFf - ny,s AcTC /YMf ATc /ny,s
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/. Lateral Torsional Buckling of members in
compression
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To verify the LTB in the lower bottom flange (which is in compression
around internal supports), two approaches are available :

1.  Bridge with uniform cross-sections in
Class 1,2 or 3 and an un-stiffened web
(except on supports) : U-frame model

2.  Bridge with non-uniform cross-sections :
general method from EN1993-2, 6.3.4

| . 6.3.4.1 : General method

u . 6.3.4.2 : Simplified method
f (Engesser’s formula for o)

_ f, c
AT = P with Qe = — and O =
o G,

cr

XLTO(’uIt > 10 f;
v
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Lateral restraints are provided on each vertical support (piles) and in cross-
sections where cross bracing frames are provided:

» Transverse bracing frames every 7.5 m in end spans and every 8.0 m in
central span

A>\<A
-

IPE 600

2800
| 1100 |600| 1100 |

7000 |

Cross section with transverse bracing frame in span

« A frame rigidity evaluated to C, = 20.3 MN/m (spring rate)
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Traffic loads (with unfavourable TS = 409.3 kN/axle

tr_ansveise distribution for the udl = 26.7 kKN/m
girder n°1) ! \
RN SRR RN RN
+ ! i
| i
Dead loads (construction phases, ! !
cracked elastic analysis, *
shrinkage) -

Mg = -102 MN.m

= 38 MN

V

-100 —e— girder no 1 with the maximum moment
—=— girder no 2

-120 ' |
Cross-section x (m)

i
I
i
i
1
1
i
i
i
I
i
1
i
I
i
i
1
-
>
]
I
1

ULS bending moment for LTB (MN.m)
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« EN 1993-2, 6.3.4.2 : ENGESSER

*Ng, =constant=N__.

A A
el =constant =1__. | = t1b2f3 = 120':322003 %%%é%%%%%%% C= Cd/a

N, =2vElc =192 MN

L=80m
a, =N, /Ng = 5.1 <10

EITEEE
e EN 1993-2, 6.3.4.1: i -
| m a
¥

|
Vi
A
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
I
T
|
|
|
|
|
|
|
|
|
|
|
[

=8m

General method

* | and N, are variable

!

T

» discrete elastic lateral ’ - | |
support, with rigidity C, . | (N
B . |
a,=N_ /N, = 89 (ModelatPl) | | .
— 10.3 (Mode ll at P2) | i |
‘ | |
= 17.5 (Mode Ill at P1) | R i |
— (1)
! |

“ L,=20m
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First order stresses in the mid plane
of the lower flange (compression at support P1)

400

A \ i)

D 20 40 60 8 100 120 140 160 80 200

2 oo ~0.37>0.2

7 -200 v

Stresses in the mid-plane of the lower flange[MPa]
o
&
o
©
I
R
<
~
I
=
(00]

-300 ‘_\_ -

-400

Using buckling curve d: Xop =0.875<1.0

G 1030 694010 NO!
i 1.1




JERg EURoCODES Setra

More information about the numerical design example by
downloading the PDF guidance book :

“Eurocodes 3 and 4 — Application to steel-concrete
composite road bridges”

on the Sétra website :

http://www.setra.equipement.gouv.fr/In-English.html

Thank you for your kind attention



http://www.setra.equipement.gouv.fr/In-English.html

