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m Composite bridges in “Switzerland” .(m. m Composite bridges in!“Switzerland” .‘lﬂ.
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+ Recent footbridges

+ Recent composite bridges or under construction
— Branson Bridge, Martigny, 2006
— Leopold-Sedar-Senghor Bridge, Nantes (F), 2009
— Taulhac Bridge, Puy-en-Velay (F), 2012
— Langensand Bridge — Lucerne, 2010
— Hans-Wilsdorf Bridge, Geneva, 2012
— Pont de la Poya — Fribourg, 2013

+ Recent footbridges

.H'l. m Recent bridges, footbridges ARt
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Bridge over.the Fiume Verzasca — ‘
Gordola, 2005, L = 120m (60.0 + 60.0

Bridge over the Fiume Ticino —
Claro, 1997, L = 120m (60.0 + 60.0)
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Bridge Monte Carasso 2009,

Bridgé Monte Carasso 2009, ‘
L =205 m, arch: 68 m

L =205 m, arch: 68 m

E Composite bridges in “Switzerland” R

FLOLE POLYTECHNIQUE
FFDERALE DE LAUSANNE

+ Recent composite bridges or under construction
~ — Branson B‘ridge, Martigny, 2006

— Leéopold-Sedar-Senghor Bridge, Nantes (F), 2009

— Taulhac Bridge, Puy-en-Velay (F), 2012 ‘

— Langensand Bridge — Lucerne, 2010

— Hans-Wilsdorf Bridge, Geneva, 2012

— Pont de la Poya — Fribourg, 2013

Bridge Pratﬂcarasso 2010,
L=160m




m idge, : ' | ‘ . MLéopo‘d—Sedar Senghor bridge; Nantes, .(lﬂ.

L =300'm Imax?Om :l'
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Architect:

Loire river Marc Mimram

1) Leopold-Sedar-Senghar brldge Nantes, 2009, (] Leopold-Sedar-Senghaor, brldge Nantes 2009,
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Leopold-Sedar-Senghor: bridge, Nan}es, .(H'l.
L =300/mf, Imax 70'm i Dbt Fat o

Built with cranes

Leopold-Sedar-Senghor: bridge; Nan}es, 2009, H.
———1£=300/m , Imax 78-m FiorRAL D TA A ANE

Transportation from switzerland
(Aigle) to France (Nantes) : 900 km

Taulhac bridge, Puy-en-Velay (F); 2012, .ﬂﬂ.

L =425 m, Imax.=92'm FEDERALE D ATSANNE

Taulhac bridge, Puy-en-Velay (F), 2012,

= ECOLE POLYIECHNIQUE
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d-Sedar-Senghor, bridge, Nantes, .(lﬂ.
LL'=3800/m/, Imax70/m kAl LA R ANE

MLéopo1d—jédar—Senghor bridge, Nantes, .ﬂﬂ.

—=300'm, Iq}ax 70:m - FEDERALEDF LAUSANE
[

m ‘ Taulhac bridge,Puy-en-Velay (F); 2012, .(lﬂ

L =425 m, Imax = 92/m FEDIRALE DL LAUSANNE
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P
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Depth of the main beam: 3,60 m
Width of lower flange: 1,50 m
Width of upper flange : 1,20 m
Depth of cross beam: 1,30 to 2,10
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Tlaulhac bridge, Puy-en-Velay (F), 2012, .(H'l. m ‘ Taulhac bridge; Puy-en-Velay (F), 2012, .(lﬂ.

L =425m; Imax=92m o T L =425m, Imax=92m 5 et

[EDERALL DE LAUSANNG

Put in place by launching

Tlaulhac bridge, Puy-en-Velay (F), 2012, H.
- L =425-m;Imax =92m - eDbAL De LA SAaE

To widen
' and replace
T L . the old one

-ﬁ' And do not
interrupt
the traffic

ECOLE POLYTECHNIQUE
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MLangensandbridge - LPcerne, 2010, L =80m .( H.

80 m lang, 27 m wide, skew

Built in two phases

Depth of the box: 1.18 m to 2.20 m
Slenderness: L/35 1!

Problem: longitudinal welding of
the two half bridges

MLangensandbridge — Llucerne, 2010, L =80 m
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Launching in 4 steps
Launching nose 7 m long




FCOLE POLYTRCHNIQUE
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Box section 4.5 m wide
Depth of the lower flange: 30 to 70 mm
Frame cross girders every 3.6 m

Concrete slab 24 cm depth

ECOLE POLYIECHNIQUE
FEDERALE DE LAUSANNE

Bridge completed

ECOLE POLYTECHNIQUF
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Curves to break
the symmetry
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MLangensandbridge — llucerne, 2010, L =80 m .(lﬂ.

F_POLYTFCHNIQUF:
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First half bridge

MHans—Wilsdorf Bridge, Geneva, 2012, L=86 m
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100% paid by Rolex foundation (AUl IS
L]

Truss-tube
composite bridge ??

Not a beam,
siuw = Ot A truss,
not an arch.

But the three resist
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MHans Wilsdorf Bridge, Geneva, 2012, L= .ﬂ“

OLE POLYIECHNIQUE
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FGOLE POLYTECHNIQUE
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COLE_POIYTECHNIQUE
FALRALL DETAUSARNE:

MHans \Wilsdorf Bridge, Geneva, 2012, L= .ﬂﬂ.

WLF POLYTECHNIQUE
AJLRALY D TAUSANNE

Starting of the erection on site with a special “arm”

MHans Wilsdorf Bridge, Geneva, 2012, L= .ﬂﬂ

ILE POLYIECHNIQUE
EDERALE DE LAUSARNE




£COLE POLYTFCHNIQUF
L LUERALL DE LAUSANNL ‘-m [EDERALE DL LAUSANNL

S ;hiﬁ@

e

HE=

ECOLE POLYTECHNIQUE
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Under the composite slab

.( ﬂ. MHans—Wilsdorf Bridge, Geneva, 2012, L=86 m .(lﬂ.
EERALE DI ATSANNE
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Situation December
28th 2011
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MPont de la Roya = thourg, (2013), L = 852 .(H-l. MPont dellaRoya = F

}ibourg, (2018), L = s2m N {ET ]
vl =

_'.-\.'g =

The longest cable-stayed
bridge in Switzerland
currently under construction




MPont della Poya — F}lbourg (20%3), L=%52 .(H-l. MPont de lalPoya — Fribourg, (2?13),

« =1196'm FCOLE POLVTECHNIQUE T3

FEDLRALL DL LAUSANNE max
OO T g

il N w00

ELOLE POLYIECHNIQUE

Pont/della Poya— thourg (20J13) L = 3572 .(H. MPont della Poya F%bourg (20113) BN 1859, m,
max =396 AL UM qufj.rg&m 3

=y 0 Y

RPont/della Poya — F}'lbourg (20%3), L =852 m, ﬂ Pont de laiRoya— F%bourg (2013), L =852'm .(lﬂ
| £196'm ECOLE_POILYTRCHNIQUE ma{x :TL].QG m

max [EDERALL DE LAUSANNE

One side of the bridge
was launched

FEDERALE DE LAUSANNE

mpont de la Poya— Fribourg, (2013), L = 852 mf H-{. mpont de la Poya— F}ibourg, (2013), L = 852'm;
s |m4x T&Q&m

R—
The other side
of the bridge is

erected with cranes
from the ground

Concreting of the slab with a mobile formwork — Situation December 19t 2011ss
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« Advances in composite bridge researches
Advances in composite bridge researches (research activities in bridge design at ICOM)
research activities in bridge design at ICOM
e LTB in bridge design (new research)
« LTBin bridge design (new research) « New steel-concrete connection for composite bridges

. . - ongoin
* New steel-concrete connection for composite bridges (ongoing)
(ongoing) « Innovative design method for steel-concrete
. . composite plate girder bridges (just finished)
+ Innovative design method for steel-concrete ) ] o )
composite plate girder bridges (just finished) « Residual stress effects in tubular K-joints (ongoing)

» Residual stress effects in tubular K-joints (ongoing)

Different curvesy for LTB in bridges

1.2
1 — Euler
- —— French rules
g 0.8 —— EN - buckling curve d
£ -2~ DIN (n=2.0)
c
2 06 ——SIA 263
E]
8
£ 04
@) Canal bridge Mitelland. i 0.2
(Germany, 1982) kT
©) Saint-lIpize bridge. Slenderness parameter
(France 2004) 0
b) Highway bridge K aiserslautern. o 05 1 15 2 25 3

(Germany, 1954)
—  Fiddofbridges —>

PSR

Methodology

Temperature measurements during flame-cutting and welding
to validate numerical model

Sectionnin

Riiaonl reid fistibubion I 4 s ok Masiinl plites ) « Advances in composite bridge researches

T :T;Ti (research activities in bridge design at ICOM)
1% i
- Tha-b, e aws|

..
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i
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LTB in bridge design (new research)

| New steel-concrete connection for composite
| | bridges (ongoing)

Innovative design method for steel-concrete
| composite plate girder bridges (just finished)

Esdl siress (Pawon |
§ 5 5
A

||

« Residual stress effects in tubular K-joints (ongoing)
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TJin mmmnu«nmnnmmmrmmmumﬂmmng}mm. Tin mm;mnuwmmmmmnmmm.[m.

— mamm =

_....
Why search for new connections ? First solution: connection with field welding of two plates.....tolerances

Rapld and durable Problem, but for a bridge length of 215 m, only 8 month of construction...
connection with
_____ prefabricated slab

Japan — 2012

I_l mmmnmmmmmmmmmwm.fm. I_l Nuumakmnummnnedhﬂummmmmmll{m.

T~ mmEm

Conception :

’ ;
Prefabricated Interfaces’ behaviour

reinforced
concrete slab |

-

Direct shear tests ¥

R | —
- ——— high strength cement grout e e
.: T
embossed steel plate ] |_| | :4 .
—cEt
. L
steel glrder A "'F"
Connection resisting by adhesion, interlocking and friction
Japan — 2012 Qs Japan — 2012 12
I_l mmmnummmmmmwﬁ_ I_ll Neusﬂeh:unueteconneﬂlnfa’mnmlﬁhﬁ@s(tmmwl-
Interfaces’ behaviour
Fentend miem [= sl
e TR I TEWE QA A D) 114 114 .
et g s v 104 104
B ik § LTl e 9 9
= g L[ L]

. (N)

AR i i A AR o4

P = 4 ll
T W il Ty 1
1 |
L ;
o (N/mnT')

l l o (N/mnt)
s dalade b b a) 1 2 3 4 5 6 b) 1 2 3 4 5 6
Tmax VETSUS normal stress o - failure criteria
a) ribbed-steel cement grout interface,
b) roughened concrete cement grout interface

Ribbed steel ~ Concrete UHPFRC

Japan — 2012 13 | 5 Japan — 2012 14
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T wEEm

push-out tests. Fatigue - Connection’s behaviour

Longitudinal shear force versus slip, comparison
between a fatigue and static test (push-out)

199 =

.
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Tawi PV 4

—Teil FHIX. i

= Taw PP 308 i
— Tl PR 3708 I
—Towi PP 38020 e
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Japan — 2012 15 Japan — 2012
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Tin New steel-concrete connection for composite: bridges (ongoing) -EPFI..

— mEmEm 5

Test of a composite beam
'

p=275 (Tins.m) KN

$ A
Pinax = 550 KN
Puin = 140 KN
Vinax= 537 KN/m
Vmin = 137 KN/m

_—/3
2P/3

Japan — 2012 7oy,

i New steel-concrete connection for composite bridges (ongoing) I FF¥|l

— mmmm 5

50 m long injection test of the connection
Japan — 2012 19

T T |

« Advances in composite bridge researches
(research activities in bridge design at ICOM)

« LTB in bridge design (new research)

* New steel-concrete connection for composite bridges
(ongoing)

* Innovative design method for steel-concrete
composite plate girder bridges (just finished)

* Residual stress effects in tubular K-joints (ongoing)

Japan — 2012 21,

T i

— Introduction, context

e Current analysis of steel-concrete composite
bridges: EER and EE or EP

Cl.1 Cl3/4 Cl.1

* Need to consider:
Loading history
- Shrinkage and creep of concrete

* Long and tiresome calculations for an
illusory precision

Japan — 2012 238 .

Tin New steel-concrete connection for composite: bridges (ongaing) -EPFI..

— mmEm :

Test of a composite beam
major results

Japan — 2012 . : 1

:I:rl New steel-concrete connection for composite: bridges; (ongeing) IIEPFLI

T~ wEEm

Conclusions

« Connection resisting by adhesion, interlocking and friction
can support static and fatigue loadings with a good reliability

* Practical design rules were define

* This connection allows a rapid, safe and durable construction

Japan — 2012 20 4
Tin Innovative design metho_d for stt_ael-concrete composite .[Pﬂ-
——mmmm plate girder bridges -

¢ Introduction, context

« Basis of the new design method

« Step by step procedure

« Conclusion, exemple
Japan — 2012 2
il Introduction, context -[PFI.._

— 1T T

Under negative bending moment, slender composite beams show
some deformation capaci

Deformation
capacity

400

300

This deformation capacity is called
Available rotation capacity &,,
of the composite beam in the support region

Japan — 2012 24,
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Tin Basis of the new design method .EF'H.-

— mmEm

* How to use the available rotation capacity
over support ?
o To redistribute bending moments from supports
to span

o When span region in elasto-plastique domain, to
redistribute bending moments from span to
supports

* Requiers some rotation capacity from
cross-sections over supports

—> Required rotation capacity 6,

e N
<
Qreq < Gay over support

Japan — 2012 e

T Basis of the new design method MM

— mamm

Available rotation capacity 6,

6, is a function of:
> Shear force if Vg, > 0.8 Vpy

» Slendernesses of the web and
of the compressed flange

» Position of the neutral axis

Steel grade

Japan — 2012 271 o

T Basis of the new design method M

T 1]

Required rotation capacity Oreq

(greq — Hreq,l + 49req,2

6e,1: redistribution of bending moments from
intermediate supports to the span

6eq.» - Use of elasto-plastique domain
in span

Japan — 2012 29 44

I Basis of the new design method MR

—— mamm

Required rotation capacity 9req.2

Oreq,2 [mrad]
70 }

of ‘
20 30 40 50 60 70 80 90 100
I'[m]

T Gpl,span

Japan — 2012 31 g

In Basis of the new design method  MR/IEN

Available rotation capacity &,

e ,Rd

0.9 takes into account of the load history

Japan — 2012 268
(i Basis of the new design method  HIIIfIl

Available rotation capacity @,,

e}
e
£
<
N
\Y
3
S
Vv
e}
o
E “Existing composite bridges
T a b, 1.05\/1 si @a>05=>a=05
3
Japan — 2012 28
ln .. Basis of the new design method M/

Required rotation capacity eq 1

Oreq,1[mrad]

A=0.1 A=02=—4=03

20 30 40 50 60 70 80 90 100

I [m]

MM e
M eq

A

Japan — 2012 30 4

Jin Basis of the new design method .EHI'-

— 1T T

Required rotation capacity 0req

ereq [m rad]

lgreq = Hreq,l + Hreq,z

Japan — 2012 2
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v ... Basis of the new design method NI

Existing bridges

Allow to find hidden bearing capacity
(evolution of the traffic loading)

Desigh method applicable with other
assumptions

o Larger deflection

o Use of updated load models

Allow to take into account of longitudinal
stiffeners on the web

Japan — 2012 33

33

T

Tin Step by step procedure to apply the new design
= method

— mamm
1. PRELIMINARY DESIGN

2. PRELIMINARY
CONDITIONS

3. RESISTANCE OF CROSS-
SECTIONS
4. AVAILABLE ROTATION
CAPACITY
5. BENDING MOMENTS

6. REQUIRED ROTATION
CAPACITY

7. PLASTIC MOMENT
UTILIZATION RATIO

8. VERIFICATIONS

Japan — 2012 35

T 1]

Step by step procedure

1. PRELIMINARY DESIGN

3. RESISTANCE OF CROSS-
SECTIONS

Shear force:

V., <0.80V,

Rd
4. AVAILABLE ROTATION
CAPACITY

Distance between lateral supports of
the compressed flange
(lateral torsional buckling):

5. BENDING MOMENTS
6. REQUIRED ROTATION
APACITY.

7. PLASTIC MOMENT
UTILIZATION RATIO

8. VERIFICATIONS

Japan — 2012 37

——mmmm

Step by step procedure

1. PRELIMINARY DESIGN

2. PRELIMINARY
CONDITIONS

4. AVAILABLE ROTATION
CAPACITY.

5. BENDING MOMENTS
6. REQUIRED ROTATION
APACITY

7. PLASTIC MOMENT
UTILIZATION RATIO

8. VERIFICATIONS

Japan — 2012 39

Tim . Existing bridges -{F'Fl-

Influence of a longitudinal stiffener

) | a, .[mrad]

stiffener

|
0-—
0.0 0.5 1.0 1.5 20
Hav,sup =40-46 VEd/ de Si hl =0.2 hw
aav,sup =28-31 VEd/ VRd Si hl = 0.3 hw

Japan — 2012 ‘ 3

T LT

Step by step procedure

2. PRELIMINARY
CONDITIONS

3. RESISTANCE OF CROSS-
SECTIONS
4. AVAILABLE ROTATION
CAPACITY
5. BENDING MOMENTS
6. REQUIRED ROTATION

7. PLASTIC MOMENT
UTILIZATION RATIO

8. VERIFICATIONS

Japan — 2012 36

o . Step by step procedure -{F'Fl-

1. PRELIMINARY DESIGN

Over support:

2. PRELIMINARY
CONDITIONS

4. AVAILABLE ROTATION
CAPACITY
5. BENDING MOMENTS
6. REQUIRED ROTATION
CAPACITY.

7. PLASTIC MOMENT
UTILIZATION RATIO

8. VERIFICATIONS

Japan — 2012 3B/ g
:l_ Step by step procedure -{Pil..

1. PRELIMINARY DESIGN

2. PRELIMINARY
CONDITIONS

3. RESISTANCE OF CROSS-
SECTIONS

5. BENDING MOMENTS
6. REQUIRED ROTATION
CAPACITY.

7. PLASTIC MOMENT
UTILIZATION RATIO

8. VERIFICATIONS

Japan — 2012 0 4
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1. PRELIMINARY DESIGN

Max. bending moment over the support:

2. PRELIMINARY 1L
CONDITIONS . b

3. RESISTANCE OF CROSS-
SECTIONS

4. AVAILABLE ROTATION
CAPACITY

6. REQUIRED ROTATION
APACITY

7. PLASTIC MOMENT
UTILIZATION RATIO "red

L Me-M
M

8. VERIFICATIONS

Japan — 2012 41

— mamm

Step by step procedure

1. PRELIMINARY DESIGN

Breq,1[mrad]
2. PRELIMINARY
CONDITIONS

A4-0.1 4-02
3. RESISTANCE OF CROSS-
SECTIONS

4. AVAILABLE ROTATION
CAPACITY

5. BENDING MOMENTS

20 30 40 50 60 70 80 90 100

> ereq
Greq,2 < 0 (Breq,1t00 large) > step 1
Greq,2 > 0 > following step

7. PLASTIC MOMENT
UTILIZATION RATIO

8. VERIFICATIONS

Japan — 2012 S,

T 1]

Step by step procedure .'EPH'-

1. PRELIMINARY DESIGN

2. PRELIMINARY
CONDITIONS

Verification over the support (indirect):

3. RESISTANCE OF CROSS- .
SECTIONS M res < oM, o

4. AVAILABLE ROTATION
CAPACITY

)

req

<6,)
5. BENDING MOMENTS
Verification in the span:

6. REQUIRED ROTATION
APACITY.

7. PLASTIC MOMENT
UTILIZATION RATIO

Japan — 2012 45

i

M'es < Mp,de

45

— mmmm

Conclusion

Cross-sections ~ Cross-sections ~ Cross-sections

AnalySIS support in span area [%]

Element Benefit

Upper fl. 1000%x 120 700 x 40
web 22 x 2560 14 x 2700
Lower fl. 1200 x 120 800 x 60

EER, EE
Support,span

port : 100
Span : 100

Japan — 2012 a7

I

1. PRELIMINARY DESIGN

2. PRELIMINARY
CONDITIONS

3. RESISTANCE OF CROSS-
SECTIONS

4. AVAILABLE ROTATION
CAPACITY.

6. REQUIRED ROTATION
CAPACITY.

7. PLASTIC MOMENT
UTILIZATION RATIO

8. VERIFICATIONS

Japan — 2012 42

T

42

1. PRELIMINARY DESIGN

Geq [mrad]

2. PRELIMINARY
CONDITIONS
3. RESISTANCE OF CROSS-
SECTIONS

4. AVAILABLE ROTATION
CAPACITY

5. BENDING MOMENTS

6. REQUIRED ROTATION

080 @ 0.90

8. VERIFICATIONS

Japan — 2012 44

i Conclusion

— mEmm

Japan — 2012 46 e
" Conclusion -{PH.

The new design method makes it possible to carry out a
calculation of structural safety nearer to the behaviour of
the structure and more precise

The advantages which result from this are numerous
and are related to the plastic design of the structures:

The history of the loading and the visco-elastic
behaviour of the concrete can be neglected at ULS
Better optimization of the cross-sections of the
beams

Very interesting Method for the verification of the
safety of existing bridges

Japan — 2012 48
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« Advances in composite bridge researches
(research activities in bridge design at ICOM)

LTB in bridge design (new research) Claire Acevedo Farshid Zamiri  Prof. Alain Nyisbaumer

New steel-concrete connection for composite bridges
(ongoing)
Innovative design method for steel-concrete

composite plate girder bridges (just finished)
RESIDUAL STRESS EFFECTS IN TUBULAR K-JOINTS

FATIGUE CRACK GROWTH
S$355 AND S690

Residual stress effects in tubular K-joints
(ongoing)

TABLE OF CONTENTS

Challenging , modern and aesthetic bridges

Residual stress measurements

Fatigue tests

Numerical modeling of welding

Puente del Centuri, Espagne, 2000 Humboldthafenbriicken, Allemagne, 199"

joints susceptible to fatigue loadings

Neutron diffraction method ( PSI, Switzerland / ILL, France)

E

3D in depth 5,

i
O'transv Glongit radial
T, > G aq

res, transv

>0,

res, longit res, radial

g icegts Most tensile residual stresses oriented transversely (not longitudinally)
~Ores, transvy > | ON the first millimeters in the weld toe vicinity
Inter-braces O\es, transy F€Main high

Principal characteristics +  Cracks in all joints: from hot spotl/lc

* Details loaded in : crack propagation is driven by the
range

* Details loaded in : crack propagation is driven by
tensile residual stresses = making the fatigue
to crack propagation




__|I[I

¢ Propagation rate
depth : through thickness crack occurs first in joints loaded in
tension

Alternating Current Potential Drop Meas.

d*/dN(mm/cycle) Tension brace side

Propagation rate:
Continuous increasing Drop once the crack reachs 4-5mm

Influence of residual stresses
in case of stable crack propagation

Welding induces

in bridge K-joints }—

Tensile residual stresses lead to in tubular
joints loaded

3D thermo-mechanical FE model

Jin _ _ BT Jim

— mEEm

Trarie dir drr Drarvr imirrewrlien r

Japan — 2012

3D

model
Uncoupled analysis
moving from the crown heel to the crown toe

Analysis programs:

30800

25500

A

odes

lements

Normalized Depth from tube's outer surface [z/T]

Transverse direction

IEr

61 Japan — 2012

— mEEm

=

63 Japan — 2012
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