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Concrete CO, emission midln 4

Université du Luxembourg

. . . Water
CO, emissions by fuel or industry type st
Other industry
25 billion Flaring /
Cement
Gas
30 billion t
25 billion t
Qil
20 billion t
15 billion t
10 billion t
c@ Share of cement in CO, emissions
5 billion t 8% (chemical reaction + energy use)
Ot
1750 1800 1850 1900 1950 2022 =>» Concrete is ® 10% of global CO, emissions

Data source: Global Carbon Budget (2023) OurWorldinData.org/co2-and-greenhouse-gas-emissions | CC BY



Solutions for sustainable concrete industry

(A) Reducing concrete embodied carbon

Clinker
Fuels .
+ ’
: Secondary
Raw materials ;
materials

d B

clinker cement

Credit: C. Klipfer, adapted from Habert et al. 2020

—

Water
+

Sand
+

Aggregates
+

Cement

bb

concrete

(B) Using less concrete in new designs
A
Design efficiency

Newly cast R Crushed concrete
concrete I I rubble
P ﬂ M‘F‘
design + construction use end-of-life

(C) Prolonging component and structure use

Université du Luxembourg

Landfill



Extending structural life uniu

Université du Luxembourg

Morandi Bridge (1967-2018) SRR T €4 Pont du Gard (60 AD-?)




Sustainable management of existing structures

milu| 7

Université du Luxembourg

1. Structural monitoring

Sensing technologies

+

Data science

+

Finite-element modelling

Robust digital twin

2. Ultra-high-performance concrete

Material science

+

Structural design

+

Advanced modelling

Durable intervention

3. Concrete reuse

Material testing

+

New structural models

+

Demountable connections

Sustainable design
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Solution 1 — Data driven structural assessment

Université du Luxembourg

Real structure

Design model

l

Monitoring

More accurate model

)

Load

terpretation

In

Data

A Sensor

» Early damage detection

> Extension of the service life



Data-driven assessment benefits midu 10

Sensing Model Structural-safety
technologies updating assessment

Data science Reliability

5 —>

HO\W

Girarde, Switzerland

+108 % of reserve capacity +15 % of reserve capacity +22 % of reserve capacity
Flyover, Singapore Exeter Bascule, UK Powder Mill, USA

+23 % of reserve capacity +38 % of reserve capacity +33 % of reserve capacity



Distributed fiber optic sensing midu 1t

Université du Luxembourg

oC Ct |
) @ﬁé%fJg =

Optical Fiber

Distributed fiber
optic sensing

150 \
—LT2 (1 truck) High-resolution strain datasets

—LT2 (2 trucks) (eve ry 3 mm )

100 -

NN Scientific contributions
il .‘\;'a“lwnW‘W\W‘w""”‘r‘f""**“i"wwx'l,[;\_'k,.4 m 1. First complete implementation
A o - of DFOS on a bridge

TRl 2. Data-driven methodologies for

| | | | | | | | | |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 structura I assessment
Measurement number

Strain [p€]
3

Fabbricatore, Bertola (2025). Methodology for concrete girder bridge performance monitoring through distributed fiber optic sensors, Structural Health Monitoring



Identification of cracks AL, = J (Expive — Emean)dx (“mj“ 12

50

Université du Luxembourg

*-LT5-CH2-2024
=--Signal smooth curve

0 13 31.2

0 2000 4000 \ﬁ@l‘m Distance [mm]
Measuremen S

Fabbricatore et al. “A new methodology for crack detection in existing concrete structures using distributed fiber optic sensors” under review

o

Strain [1€]




Solution 2 — Ultra-high performance concrete mida 2

Université du Luxembourg

Concrete UHPC
Water ﬁggrigBa;ce Steel fiber (>3 vol-%) Silica fume
. Ymax mm [=10-20 mm e d<1mm

Water_

Cement
(700-1000 kg/m?3)

.4 concrete | . ' 4 Properties
. h YRy R, * higher mechanical properties than concrete (4-5 times)

* Higher durability (100 times lower permeability)




Bridge strengthening with UHPC mi.lu

Université du Luxembourg




Switzerland UHPC applications Illll lu 15

sité du Luxembourg

‘ 500+ applications since 2003, mostly brldge strengthening \ 20000+ m3 since 2003
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Bertola, Schiltz, Denarié, and Briihwiler “A review of the use of UHPFRC in Switzerland ”, Frontiers in the built environment, 2021



Environmental impacts and economic benefits u ||| 16

UHPC intervention Bridge replacement
~2500 CHF /m? ~ 10’000 CHF /m?

L I Other

(_-86 - 1000 - | I Excavation
O % = 800 - [ Transportation
- S g -83% | ] Elimination
S ~ 600
o 2 0O Bl Asphalt
S S O
"g % g 400 - - [ ]Concrete
S
8 = 200 + v B -Steel

| — e

0
UHPFRC intervention Replacement

Bertola et al. (2026) “Environmental and economic benefits of UHPFRC intervention in bridge management for the Swiss Network ”. Nature Comm.



Large scale benefits T [T

Université du Luxembourg

Cost savings [CHF bn]

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera

Network (4000 bridges) analysis over 80 years Confederaziun svizra

Bundesamt fur Strassen ASTRA

Cost savings Carbon savings

121 1 31
— mean value I
— - lower bound - mean value
— - -upper bound - — - lower bound Ve
‘ 2.5 |—--upper bound // 2.55
9.06 —
&
o 2 t _ _ L] t. a
Q nature communications
E Article hittps://doi.org/10.1038/541467-026-69103-x
w . .
© 45 Environmental and economic benefits of
> UHPFRC intervention in bridge management
w .
o for the Swiss network
8 1
cf_)‘ﬁ Received: 5 May 2025 Numa Bertola®' , Célia Kiipfer ®* & Eugen Brithwiler @*
Accepted: 22 January 2026
Published oaline: 04 Febeuary 2026 Current infrastructure management frameworks typically involve replacing
0 5 - bridges at the end of their intended service duration or when significant
- B Chack for updates structural deficiencies arise, resulting in high costs and environmental
impacts. Novel structural heni hods using ultra-high-
performance fiber-reinforced cementitious composite (UHPFRC) have allowed
the preservation of hundreds of bridges in several countries. Their service
duration has been extended, and their performance has been improved to
0 - . ! B - 0 L . 4 + - match that of a new structure. Examining the Swiss federal network (3903
bridges), it is found that interventions using the UHPFRC method are feasible
2025 2045 2065 2085 21 05 20 25 2045 2065 2085 21 05 on more than 99.7% of structures, d ing that the inter-
Year Ye ar vention can be technically applied to most bridges in this network. On the

given case study, systematically applying the UHPFRC method would lead to
savings of up to 7.7 MtCO,.,, and 18.5 billion CHF over the next 80 years

compared to current engineering practice. This study highlights the significant
p ial of ically impl ing the UHPFRC method for sustainable

Savings: 10 billion euros Savings: 2.55 mt of CO, s




Fruttli bridge — first timber-UHPC bridge (2020) TTTH [THEE

Université du Luxembourg
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Solution 3 — Reuse of concrete ||||i |||

Université du Luxembourg
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Recycled concrete vs reuse concrete uni.lu

Current practice Research
“Recycled” concrete Reused concrete
Recycled aggregate New aggregate Deconstruction Reconstruction

New cement New concrete

Advantage Drawback Advantage Drawback

Fast demolition No CO, gains Large CO, gains Careful deconstruction
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Reuse of concrete process uidu 22

1) Donor structure 2) Sawing 3) Lifting 4) New structure

Kiipfer, Bertola & Fivet, 2024. Reuse of cut concrete slabs in new buildings for circular low-carbon floor designs. Journal of Cleaner Production.



FLO:RE mockup ““i.I“ 23

Université du Luxembourg

1:1 office-building floor mock-up kgCO, jm2

Reused steel

Cut RC pieces froma
profiles :

cast-in-place roof slab |

New concrete 140 km 100 km 20 km 0 km
flat slab Reused material transportation distance




FLO:RE Mockup 24

80 to 95 % CO, reduction compared to
flat slab in recycled concrete

99 % reused materials

Sy

-

S

‘;\

met@rs

Kiipfer, Bastien-Masse, Bertola & Fivet (2025). “Design, construction and
assessment of FLO:RE — the prototype of a low-carbon building floor made of reused
concrete elements and steel profiles”. Architecture, Structures and Construction.
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New infrastructure management approach

1) Structural monitoring 2) UHPC intervention

4 New framework  / |
Q
o
C — —
© - — <-
s
qg Conventional - I\\ . Additional 3) Reuse
o |approach DN AN i\\ . lifespan
© \\ | NN
g J \\I \\E_ 2nd |ife
> |Safety requirements
- SR A —— ‘ ______ & - * ____________________

: >
Time

@ Palliative maintenance * Demolition @ Regenerative maintenance

Deconstruction



	Slide 1:  Sustainable Maintenance of Concrete Structures  Ingénieurs et Scientifiques du Luxembourg  Prof. Numa Bertola  29.06.26   
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

