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Future of Smart Transport ‘
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Vihantasalmi Bridge, Finland

2R168 m(21+42+42+42+21)
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CRUSELLIN Bridge (201155%R,)
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ARKKITEHTITQIMISTO JUSSI TERVAODJA QY  VALAISTUSSUUNNITTELMA: JULLE OKSANEN LIGHTING DESIGN  VISUALISAATIO: STUDIO RENDO, OLIVER WALTER
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2 Mozilla Firefox

File_Eot View Hstony Bookmaris Tools Holp

= http://194.136.137.1...nitor/overview html
ST ==

BN crs Realtime Archive
- Weather Structural Acceleration

tmlS/monits

Bridge Application - Online Health Monitoring

Maintenance

Documents

Status

Status overview Camera view Cam1

Alam
Waming
Narmal

]

2011-08-17 13:03:43

2011-08-17 13:02:42

Time Event

2011-08-17 13:03:28 TempT7 Alamm r-soss7s0.0

2011-08-17 13:03:28 TempT6 Alamm -2ze21z0.0

2011-08-17 13:03:28 5074 Alarm =27

2011-08-17 13:03:28 5073 Alarm ian

2011-08-17 13:03:28 Sg70 Alarm r1se7.7)

Selected components

5

T
Maximum speed: 4.0
Aversge speed- 40

2011-08-17 13:03:25 Unit mfs

Sensor 5p1 min-B7.2 max 255 [

-87.1 pmim L e 1T
Sensor 5g2 min-101.7 max -35.9 [WHHE

-100.5 pmim sl (11 i
SensorDi1  min-60.3 max -60.2 [HE
-60.2 mm
Sensor min max OE
. o i

e T

2011-D8-17 13:03:42

X ¥ z
min  567.1| 190.0| 7437
awg 591.7) 221.6 1067.9
max 6150 2558 15054

2011-08-17 12:03:42

Strain;: Fiber

Sensor 5gi0 min 745
75.9 pm/m

Sensor 5g11 min 725
72.8 pm/'m

Sensor 5g12 min 19.0
19.2 pm/m

Sensor 5g13 min 46.0
46.0 pm/m

2011-08-17 12:03:43

Unit: mm/s=

max 765  HE
o [
max 733 WE
e @ oo
max 197  WlE
A

max 456 EE
s B

x ¥
min  -48.4) -50.2
awg 1.2 -21.0
max _ 66.8 -2.3

20110817 12:03:42

Sirain: Fiber

Sensor 5g14 min 340 max 5428 [HE
B4.1 pm/m £ OO 3

Sensor 5g15 min 286 max 234 [EE
28.7 pm/im R I S

Sensor 5g1% min 804 max 813 WE
80.9 pm/m £ IO T

Sensor 5920 min §2.8 max 83.7
82,9 pm/im S =T

2011-08-17 13:03:43
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| Monitoring bridge vibration with
acceleration sensor

Calculating “characteristic deflection”
as a bridge condition indicator

For shorter than 30m span length
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e-Bus Project iIn VTT
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Characteristic deflection (mm)

NAEZSV 7 CEORTFRONWRTLMN
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Changes in characteristic deflection

A ”
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. Characteristic deflection

Simple movin:g average
Weighted molring average

|
Exponential moving average
DeteriorationI Phase 1

|

Deterioration Phase 2
|

»
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20

40

60

Number of data items

80

Ny
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Input of anomaly
data




|. x E M - 7 ;: h.""' i

LY 't'-""., ; *"—:.... 4

-‘__ ',i.' r T}J‘l l_. E
-l _’ 4
.’_’h't_. y

4

g%, A7) bB R UH "
(Ultra-High Performance Fiber Reinforce E
cement-based Composites)fife & Rk .

@ EPFL, Prof. Eugen Briihwiler®aA7")— &
EMHIFEIREORRIEDEARS

@ HFHERMEORFE TN KRR TR KH#
FRH I UIREERER. & Ok

Q@ AL HEOI=—I5L5 ) AR T ELT. $5iF
LB HICTERABESL T B EICEO>TUHPFRCO
FIAEZ7—LICLESHET IR



Prowgs
Bruhwuey



Shb bl Lol LD L L T L T T o

1
N










.

T | i
i

dges

designed by Mr.
Christian

1998

br
Menn

ve
At

Sunniberg bridge

)
©
>
o
C

=










Present

How to deal with existing structures?

(RFMENELSHENTRTINH ?)

1. Examination engineering (“Examineering’)

“In the design of new structures, structural safety can be
ensured simply by following codes. In contrast, difficulties in
disclosing the real condition of an existing structure make
evaluation of its structural safety an extremely demanding task.
Structural examination requires comprehensive knowledge of
structural engineering beyond the scope of codes !”

2. Interventions to improve existing structures to

extend their service life(f@R&EFm 2 EE TEREAE)

) we need creative engineers to serve the

society ! (RIENZ2RETZH3RMEDERHIVE)



Durable existing reinforced concrete elements
The conceptual idea (B ML LHER)

)

> time

Objective of maintenance interventions :

andition

~

> time

- Interventions to improve the structure ... not just

repair it ! (B 3HE - HETIIRV )

- limit the intervention

> “Zero maintenance” structures !!

UHPFRC: Ultra-High Performance Fiber Reinforced
cement-based Composites (BEiEiEtA MRt aHE)



ICPF

ECOLE POLYTECHNIQUE 4
FEDERALE DE LAUSANNE

“Structural UHPFR(C” :
Welcome to the post-concrete era !

(Jaz-fﬁﬂ‘fb‘#ﬁﬁﬂ"\ !)

Eugen Bruhwiler

Professor and Consulting Engineer
EPFL - Swiss Federal Institute of Technology
Lausanne, SWitzerland




Mix & fresh properties of UHPFRC(1)
(BEBIU7LY 1 REBTORE(L))

e 650-900 kg/m3 binders(f&&
) (cement, /imestone
filler, micro-silica and fine-
particles(quartz, basalt,
etc) with a grain size less
than 1.0 mm and
superplasticizer)

0.13-
0.17 (K - & #Lb)

- Aggregates < 1.0 mm(B#)

(ERmnE P




Mix & fresh properties of UHPFRC(2)
(BEBLU7L Y1 REBTORE(2))

e Fiber volume: at least 3% or
240kg/m?3 (iERAE)

(R
1)

construction site

e Thixotropic behavior(i£Z
%) : casting up to 12 %
slope

tensile strength

tensile strain
hardening (BBIRe 7R  LT
E+09 AE{LIFE) MCS-EPFL




(UHPFRC &%7?)

UHPFRC = Ultra-High

Performance Fiber Reinforced
cement-based Composites

A22Y—bhERED !

UHPFRCis not || = use UHPFRC to
a concrete ! Improve R-concrete

Reinforced Concrete

Shortcomings:(RCODEF)

limited durability under severe

exposure: rebar corrosion, AAR,

frost(B L LMRIBT O AHEICRSR)

high maintenance cost(EiFEEE)

heavy weight, material consuming
(BEE SHWHER)

slow construction(fe THIfA K LY)




Performance of UHPFRC uitra-High Performance
Fiber Reinforced Cement-based Composites) (Itﬁ'liﬁlé)

Impermeable (compact
matrix: powders and

particles)(FZEK - T[i%)




Basic concept of the UHPFRC
strengthening technology (EZAR L 8&)

. R-UHPFRC for strengthening
UHPFRC for waterproofing (t = 40 to 70 mm) + rebars

t,=20to 30 mm (1 inch)
(BA2K A\ D EH) (38N D)

Reinforced Concrete Reinforced Concrete

‘ composite behavior of (R-)UHPFRC — RC elements

(RCER#M L DEEEE))
EmE) Research at EPFL since 1999 (1999 A S FERIME)

(10 completed doctoral thesis and about 30 peer-
reviewed papers)(10 ADFHIE30RNDE @ 3L)



(M FFE)

UHPFRC tensile behaviour(5|i& )
UHPFRC

stress oy
®whH) A
Siwa=7-14MPaf--———_

Jue =7 -10MPa

elastic
EiesEE) |
. Hardening Softening
¢ (WE{LiEk) (BR{LiEk)
Compressive strength
| 130 - 180 MPa(19 - 26 ksi)
8: — o= _ Modulus of elasticity:
019-02%  205% ool Eu 45 - 50 Gpa (7000 ksi)

(U9'H)
= Strain hardening UHPFRC: (BI3RYU 3" ATE{L 45 1E)

min. 3 Vol.-% steel fibres (/a>65)



R-UHPFRC

Tensile behaviour of R-UHPFRC
(R-UHPFRC®O5I3R V) 2:8))

. i :
Pl { m .. l | e
¥ Force A

max

Displacement

=» Superposition of UHPFRC and
rebar responses (Ek§h& D E)



Structural response of R-UHPFRC - RC
composite members(1l) ESEHFELTHET (1))

Ultimate resistance under pure bending

(FEHILT T TORRBEM A)

HlFE—Xb
m,
Mgy S~ ( )

' Beyond point B

Ksh Kyt Ksy 'Beyond point C

= Multilinear relation predicts the bending behaviour of any type of
composite element (beams or slabs) with sufficient precision.

(BITEHETFICEWVTRESIUKRERHICHL TS ERERZRE)



Structural response of R-UHPFRC - RC
composite members(2) ({ESRIHFELTOET(2))

Ultimate resistance under combined shear and bending

(BABEHITOEAGHE T TOREBNA)

at collapse

' R-UHPFRC

(

v,
1

RC

\4

Ultimate shear resistance : Vi = Vi + Vi + Vi,

(BEEAMTHARE)



Research at EPFL — Composite elements

(MEBHTHEPFLICEITDATAE)

Fracture tests :(fi55t5%) \

1 t
monolithic behaviour(BER®EE) || | w0 oo w0 ¢ ]
many fine and densely
distributed cracks '

(MHITELOUEIN) S . o

Crack pattern at ultimate load MCS-EPFL : thesis K. Habel, 2004

(BEFEROVUENIKR)



(FiEEIL—F)

y UHPFRC 9 %, R-UHPFRC

77 R

u

-

Utu fU!e-

Ute

Ey IE,
GFU £
é:Utu " EUt W:r,max i WU! | 2r£b'fur !
UHPFRC Type (ZL—F) uo UB
Elastic tensile strength, ., Mpa| 27,0 >10,0
(G145 IRMERE)
_’Rk%%? D ot ! Turen > 0,7 >1,2

Hardening, & ,, %o - > 1,5 > 2.0
(U9 A1) strain hardening
Compressive strength, f,, Mpa| 2 120 2 120
(EAR ) e

= mechanical properties, creep and shrinkage, fatigue, fire resistance

(A4, V)T &S URRINGE, BHIFE, T HEEE)



MAMA Waterproofing of bridge deck slabs
(RhEPAK)

First application ! :
= UHPFRC casting: Oct. 2004
(¥ 03k A 1) o o

1 i, |
New kerb prefabricated Existing kerb protected n

in UHPFRC with UHPFRC \
UHPFRC : 30mm / bituminous pavement : 40mm i

A U\ l
I 7.7 m

New beam prefabricated
in reinforced concrete

Rehabilitation and widening
of a 10m span short road
bridge deck slab(A/310mDOE

DR T REEIE)







— Monitoring :
_» visual inspection

(B RR)
» sampling tests

(B 7N ilER)




WRAM2 | Strengthening of the Chillon Viaducts
(2014 & 2015) (AVERBOHTE)

L W= Functions of R-UHPFRC:

il > Strengthening of deck slab in the
* transverse direction: bending,
shear and fatigue resistance

8% > Increase in stiffness and strength
In the longitudinal direction

# ' > Waterproofing of slab
=" » No increase in dead load

| i ~ > Short duration of intervention
120 , 485 485

B 120
| | A o
“ > BHERATFE(FRRE O
| =7 R AN, B5)
> REAEROBEMEE
detailed design by: . Egg,k
. ., I Z3
Monod-Piguet + Associes IC / \ ) >  SETEEINEEL
GVH \ / [cm] > REEREOER




WRAM2 | Strengthening of the Chillon Viaducts
(2014 & 2015) (IABREOHE)

gl

e o 2 R A Lf "jf Photo: July 4, 2014
July/Aug. 2014 & June 2015:
Casting of 1’'200m* UHPFRC
on each 2.1km long viaduct.

L (BEIHR:1200ms3, #ER:2.1km)

&  Intervention cost

ews 200 Euro / m2 deck surface.

(3AM:2002—A,/mM?2)

Contractor:

i Walo Bertschinger SA

P T T ) |:'|::.- ] fom
. il 1| 1Y) T ! m




BAM2 |UHPFRC ready-mix plant on site
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!Hﬂs Improvement of the Cudrex Viaduct(W#EHEon
) ~Concept: progress in 8 work phases of 36
hours (week-end: 5 pm Sat.-5 am Mon.)(87AY ¥ |c
9T T30k E &b L % KR ; TR TF#& 58~ A RIFRISH)

Overall length(##E£): 450m

UHPFRC
i —

56m per
week-end
Sa 2am -
Mo 5am

* Sunday 1am: Prepared %
surface before castmg

A

Sunday 7am: After o .. n:" - B i
UHPFRC casting | = U photos: 10Ju|y 2016 by PWoIf .

o . ‘;"ﬂ"ld’-.)u‘lt’“‘f













T RAMa Coating of a pedestrian bridge,
Neuchatel, 2015 (HFEDOIA—F 1 7)

= 25mm thin UHPFRC layer to obtain
a wearing and waterproofing
surface with long term durability

(MAER L:25F)
= ramps with a slope of 13 % (4fd)

= thixotropic properties of the fresh
mix (obtained by additives) (JEZ %)







WMAMS Wearing coating of a weir, Berne,
Switzerland, 2015 (€ & ®a1-71/%")

= layer of thixotropic UHPFRC
to hold the slope up to 6%

EEEZ2FAHL =6 % QEHET)
= low ambient temperature:-
tent (7 blc & 2 {EBIMR)
g~ 1

¥
I
]

.

Vﬁf ? . ! % ;11- gl
ihig 4 | e
i - . .
!’&_-" - ._, L8 |
— x\\ ] =
L

P i D S e LET
Weir in use after Damaged Manual UHPERC

UHPFRC strengthening | | Pasalt plates || casting in a tent
(LB %) (BEDE\ || (T MPATOHOIET)




Others Protection against chemical attack and
aggressive wastewater in two containers,

SWltzerIand 2015 (1|.’.+ =R, FEHKERE)

\ . - A £ 2
i Y P
f T 3 4 3 > i ¥ ,." i
3 ™y : . - M II..' :‘ ‘A-._"
f h - J - 4 T
J . iy,
/ 3 : y iy,
’ L - r | )
k) ’ 4 . F ” i
| N1 o il ’
[ : ] 1
Wi
¥
i
r | - r
r b«
i . R |
. ‘
i ¥ 1

.~

’ ’,'r'-':\‘t&.'\\'u! WPRURNARN U N YNY . s

-) extremely compact material structure of UHPFRC(E.a% :
) :high resistance against acid attack(@®iiHt 2 RREEE)
= relatively thin layer to limit of storage volume reduction

(BED-HTOHREREDFKL % HIFR VT EE)









UHPFRC surface

iIon and
iIng O

protect

.
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After formwork
removal
and painting

(BERRFRERER)
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Martinet Pedestrian Bridge, Lausanne, Switzerland, 2015
Designed by Rita Galrito, Eugen Brihwiler, Didier Robyr

e
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280 . " o is * i
Al A &4V ooy I 4
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; dimensions in mm

(=FiE:mm)

. Grille caillebotis
y ' Monotoron Ame organique
S 100~ T158 2500
5 |
% r’ m Tenon mortaise
&l Tube &clairage _Matrice antidérapante
2o |
§ S Barbacanes - &
= — ¥
o | LI — — {g_
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~300_ 50
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Martinet
Pedestrian
Bridge,
Lausanne,
Switzerland,
2015

(RIVT 1 2B
81§, 2015)




OUTLOOK

_— /| Martinet Footbridge, 2015
""I:"L—L.JJ;' ——
m)

Tt e

Chatelot Viaduct
main span = 320m

\\\ = )
: Photomontage: MCS-EPFL
\ www.sunwindenergy.com
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