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Innovative bridges
designed by Mr.
Christian Menn
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How to deal with existing structures?
(RFBENE ESHITERTI0H ?)

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(fFEHF z LI TS AE)

=) we need creative engineers to serve the

society ! (RIiEN 2 RIETZH3RMEDERHVE)



Present

Durable existing reinforced concrete elements
The conceptual idea (2 E1%5:H{LHER)

andition

\l
)
> time > time
Objective of maintenance interventions :
- interventions to improve the structure ... noft just
repairit! (B 2401E - &8 TIE &LV 1)
- limit the intervention

"> “Zero maintenance” structures !/

UHPFRC: Ultra-High Performance Fiber Reinforced
cement-based Composites (5 1$EEAMRIBIEHIEHT)

an




FIRST INTERNATIONAL INTERACTIVE SYMPOSIUM ON UHPC

BCPF .

ECOLE POLYTECHNIQUE |
FEDERALE DE LAUSANNE

“Structural UHPFRC” :
Welcome to the post-concrete era !

(A5 fﬂﬂft‘#ﬁﬁﬂ"\ /)

Eugen Bruhwiler

Professor and Consulting Engineer
EPFL - Swiss Federal Institute of Technology

Lausanne, Switzerland
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Mix & fresh properties of UHPFRC(1)
(BEBLU7LY1REBTHEE(1))

e 650-900 kg/m? binders(fz&
1) (cement, /imestone
filler, micro-silica and fine-
particles(quartz, basailt,
etc) with a grain size less
than 1.0 mm and
superplasticizer)

0.13-
0.17 (K - fE&# L)

e Aggregates < 1.0 mm(E#)
13-15

mm length

(E#KMAE®) mcsepr



Mix & fresh properties of UHPFRC(2)
(REBLU7L Y1 REBTORE(2))

e Fiber volume: at least 3% or
240kg/m3 (i REAE)

(R
1)

construction site

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

tensile strength

tensile strain
hardening (BBl f S LT
E+UTHELIFE) —




(UHPFRC &[37?)

UHPFRC = Ultra-High
Performance Fiber Reinforced
cement-based Composites

A7) —bhERFES ]

UHPFRC is not || =@ use UHPFRC to
a concrete ! improve R-concrefe

Reinforced Concrete

Shortcomings:(RC D) #EFh)

- limited durability under severe
exposure: rebar corrosion, AAR,
frost( L LMRIETORTATEICFRST)

- high maintenance cost(S{fiF=IEE)

- heavy weight, material consuming

(REE, SHMHHER)
- slow construction(it THIfS A K LY)




Performance of UHPFRC uitra-High Performance
Fiber Reinforced Cement-based Composites) (Ifét'lﬂiﬁﬁ)

'dg (in tension)
(53R UV 9 A8E{L)

: Impermeable (compact
¢ matrix: powders and
particles)(Ff:&EK - Fi%)

i "iber reinforced (steel
¥ fibers ~15mm, //d>65; > 3
vol. %) (& T #iTs)

COMposite({£2)
> HIFCOM




Basic concept of the UHPFRC
strengthening technology (741 4 &)

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

t,=20to 30 mm (1 inch)
(FEIKA D:E ) (BN DRR)

Reinforced Concrete Reinforced Concrete

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

(RCHER# & DIEEFETD)
EEE) Research at EPFL since 1999 (19995 H S ZE )

(10 completed doctoral thesis and about 30 peer-
reviewed papers)(10 ADOFHIE30TRNDE ML)




(M HIF1E)

stress oy,
wh) A

fUtu:7' 14 MPa |----=--=5

fue=7- 10 MPa

elastic
CRigsEE) |
. Hardening Softening
(BE{biEk) (R 1LiEk) > e RN
Compressive strength:
| 130 - 180 MPa(19 - 26 ksi)
—_ - _ Modulus of elasticity:
014-02%  2-5% oAl Eu 45 - 50 Gpa (7°000 ksi)

(O9'#H)
= Strain hardening UHPFRC: (53RV D 3" A (L iF1E)
min. 3 Vol.-% steel fibres (/d>65)



R-UHPFRC

y rebars
.
j’ A4 »

Displacement
= Superposition of UHPFRC and
rebar responses ($5& D17 E)




Structural response of R-UHPFRC - RC
composite members(1) ({EFEHHEL THEE)(1))

Ultimate resistance under pure bending

(FERRLT T TOIEB 77 )

HlFE—Ab
m
Mgy OI?-. =
C A |El, =~
Myt T '|"" g
. El, | B, 0]
Krs /, ’ — ' Beyond point B
7478 S S
B ..‘.‘“.‘,-u.
a7
o - .
Ksh Kur  Ksy 'Beyond point C

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

(BITHETICEVTRESUKRIRESBHICHL TS EHEARERE)



Structural response of R-UHPFRC - RC
composite members(2) ({ES &L THOET)(2))

Ultimate resistance under combined shear and bending

(BABREHITOEAGDE T TORRBNHA)

at collapse V

Ultimate shear resistance : Vi = Vg + Vi + Vi

(REEAET AT ER)



Research at EPFL - Composite elements

(MABHTOEPFLICHS3HR)

Fracture tests :(fiE{5%) :

2y =
monolithic behaviour(EHTWE) | |7 < oo oo v |
many fine and densely -
distributed cracks ’
(MHEITEBLEVUEIN) R o ”150

-

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

(REFEROVOUEINIKIR)



(FEEIL—F)

«,  UHPFRC %, %, R-UHPFRC
f
j Ute '

ut

UHPFRC Type (7L —K)

Elastic tensile strength, ., Mpa

(M5 RIERE)
Ratio : fUtukl f Utek

(Eb=E)

Hardening, &,,, %o
O oL

Compressive strength, f, c. Mpa
(EfBHE) il

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

(HZEEE, Y)-TEIUVEZRIGE, BHHE, R HEEE)



A1 Waterproofing of bridge deck slabs

(RhBBEK)
First application ! ;
— UHPFRC casting: Oct. 2004
(R H0DiE Al l) J
], 7.0 m
New kerb prefabricated Existing kerb protected i
in UHPFRC with UHPFRC \
UHPFRC : 30mm / bituminous pavement : 40mm
| I
1 7.7m J

New beam prefabricated
in reinforced concrete

Rehabilitation and widening
of a 10m span short road
bridge deck slab(A/\10m®iE

DR L 14 REE]TE)




& FH 51l 1

Oct. 2004




— Monitoring :

__ » visual inspection
(B =iR)

> sampling tests

(U751 ER)




& 2 | Strengthening of the Chillon Viaducts

. Functions of R-UHPFRC:

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

Y > Increase in stiffness and strength
in the longitudinal direction

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

e » Short duration of intervention
485 485

, | ; e
N > EMEARE(RIE)0

WsR(BHT. AR, T3)
> BHAROREAnEE
detailed design by: Efts

Monod-Piguet + Associés IC / | i ggggbuﬁb
GVH 2 L [eml > EBMREOEE




1 2 | Strengthening of the Chillon Viaducts
(2014 & 2015) (A FREBEOME)

R

| xu.h G é“j Photo: July 4, 2014

July/Aug. 2014 & June 2015.
Casting of 1°200m?3 UHPFRC
on each 2.1km long viaduct.
o (MELME#R:1200m3, #ER:2.1km)
. Intervention cost:
‘s 200 Euro / m?2 deck surface.
: (3AM:2001—0,/ " mM?2)
Contractor:
| Walo Bertschinger SA




B2 |UHPFRC ready-mix plant on site
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3-hinge massive arch in RC
. Parapets with decorations

TR ez 3 e

!

Intervention conceptGEMNEBRR) : Objectives

membrane in R-UHPFRC fixed transition RC slab -.'.:, _(_in(l)_
(R-UHPFRCIJ®) 1 $ /1 | increase load

- b #l bearing capa-
mmmam | mty(iﬁ#j]iEI]l])

7Y th s improve durab-
central ninge blocke I
i . ility (A ML)
2 hinge arch restore
aesthetics(&£f

L
s Y

Lausann — =P))
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UHPFRC Castlng

———

e GBS
23
7 L

Restoration of the
decorative
: elements of

parapets

ol (BT OER)
e - e S ~4 Intervention cost

T T 'L...'.' = ; ; . S . : (i‘lﬁ‘ﬁg) :
i ‘W 77| 40% lower than
replacement cost
of the bridge (%l
& BABLYI0%H)




Others L ‘
(1972FEBHF M N—E Y SEBEOHER)

| B an e\l N\ [———
TFT1(RC NI VTS R-UHPFRC \ |
Gerber joint closure : =l l | 7 \ \:
_onrns—krvuome) _ LLINLL Ll | 1\

Schnie A 1:100

P |
nger Berne J




BB ﬁu a4 Improvement of the Cudrex Viaduct(HE£En

)~ Concept: progress in 8 work phases of 36
hours (week-end: 5 pm Sat.-5 am Mon.)(8 70 7|C

ﬁHT?oGH#Fa‘lO)%’iﬁEI’&iIE T REF#&5K~A IIE‘FHIJ5H§)
O\rerall Iength(%i_ﬁ) 450m ‘ '-

P — Sy,

Sunday 7am: After
UHPFRC casting




,,_h.__z____._:c.u___.__sE__E_.._,E

e ——

L]










G5 Coating of a pedestrian bridge,
Neuchatel, 2015 (5 EDOI—F 1 > 7J)

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

(AR L:25[F)
= ramps with a slope of 13 % (%)
=> thixotropic properties of the fresh
mix (obtained by additives) ({£Z %)







HEAfI6e Wearing coating of a weir, Berne,
Switzerland, 2015 (£ & ®3-71/%)

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

(BEMEZFIAL -6 % QECHET)
= low ambient temperature:»

tent (7 b Ic & B {ERIE)

Weir in use after Damaged Manual UHPFRC
UHPFRC strengthening | | basalt plates || casting in a tent
(LN %) (BE DR\ || (7~ FPATORET)




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

Swﬂzerland 2015 (1|.’.+ SR, $BHKEFEE)

1}

*
| - pwrs 1 4 | \ -
b 80 LT NE |4
‘% A I.‘ % § |
(1 t 1] ‘.
Y & ¢
we if
i.i N rt X \ *
\
;
{
! ) 1 \
'3 A !

-) extremely compact materlal structure of UHPFRC(Em%
[E) :high resistance against acid attack(Siil{tF 2R EHE)
= relatively thin layer to limit of storage volume reduction

(FE D 7= H T DR E IR DR 2 2 il IR 7] fE)









UHPFRC surface

: protection and

' strengthening of a
lighthouse turret

~ — Brittany France:
L 2013(TAREORAR
B L TR)

B i e
e O s




After formwork
removal
and painting

(BERERER)



HEREAOGBERAM-1: O—Y 2 X0 EIE

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

dimensions in mm

(~Fi&E:mm) - 3{@;

3|
Grille caillebotis /i
w Monotoron Ame organique |
S 100~ T15S 2500 LA
[ b g——
% L .' enon mortaise 40&’40 g_t,
2 Tube éclairage _Matrice antidérapante | |
% ﬁ Barbacanes-.“ a 3\
a L Tesee — = E .o N\ !
- | [I .31,; Caniveau > o 300
s 300 1/50
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Martinet
Pedestrian
Bridge,
Lausanne,
Switzerland,
2015
(P71 2F
&8, 2015)






EREAOERAG-2: HigoR%ES

Approach: combine assets of steel construction

and reinforced concrete construction to realize
lightweight structures of original aesthetic

expression(#k& 37— hDiEHE G HE/-ERIEDREIR)

Design of a curved single
track railway bridge in
> % R-UHPFRC(EEt LD 1FH) :
sy » > segmental construction
| (7O ¥ IiE)
> lightweight elements(¥=1l)
> post-tensioned(:;K A7)
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