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Environmental impacts of the built environment

40 % of emissions 40 % of resources40 % of energy 40 % of waste

Source: BRG (ETH) 



Share of cement in CO2 emissions
8% (chemical reaction + energy use)

➔ Concrete is ≈ 𝟏𝟎% of global CO2 emissions
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Water

Aggregate

CO2 emissions by fuel or industry type

Carbon footprint of concrete industryConcrete CO2 emission 4



Decarbonization of concrete industry
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Credit: C. Küpfer, adapted from Habert et al. 2020

Solutions for sustainable concrete industry 5



Extending structural life

Morandi Bridge (1967-2018) Pont du Gard (60 AD-?)
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Research focus

1. Structural monitoring 2. Ultra-high-performance concrete

Sustainable management of existing structures

3. Concrete reuse

Sensing technologies

Data science

Finite-element modelling

Robust digital twin Durable intervention Sustainable design

Material science

Structural design

Advanced modelling

Material testing

New structural models

Demountable connections

77



Team and funding

Prof. Numa

 Bertola

PI

Jacques

Aoustin

Dr. Marco

Rampini

PhD

Francesco

Fabbricatore

Postdoc PhD

Current team, fundings and collaboration

Raphael

Saraiva

PhD 

(incoming)

PhD 

(Open position)

PhD 

(Open position)

8



Real structureDesign model

Monitoring

More accurate model

Sensor

Load

Design

Data interpretation

Solution 1 – Data driven structural assessment

➢ Early damage detection
➢ Extension of the service life
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Structural health monitoring

Sensing 
technologies
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Model 
updating

Structural-safety 

assessment

Crêt de l’Anneau, Switzerland

Flyover, Singapore Exeter Bascule, UK

+23 % of reserve capacity

Rockingham, Australia

+108 % of reserve capacity

Girarde, Switzerland

+38 % of  reserve capacity

+15 % of reserve capacity +22 % of reserve capacity

Powder Mill, USA

+33 % of reserve capacity

A)

+15 % of reserve capacity

10Data-driven assessment benefits 10

Data science Reliability



Fiber optic measurements
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High-resolution strain datasets 
(every 3 mm)

Scientific contributions
1. First complete implementation 

of DFOS on a bridge
2. Data-driven methodologies for 

structural assessment

11Distributed fiber optic sensing 11

Distributed fiber

 optic sensing

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



Identification of cracks 12

Crack identification
ML algorithm and Mechanical analyses

Fabbricatore et. al. Methodology for concrete girder bridge performance monitoring through distributed fiber optic sensors, 2025Fabbricatore et al. “A new methodology for crack detection in existing concrete structures using distributed fiber optic sensors” under review

∆𝐿𝑚𝑎𝑥= න(𝜀𝑠𝑝𝑖𝑘𝑒 − 𝜀𝑚𝑒𝑎𝑛)𝑑𝑥

∆𝐿𝑚𝑎𝑥≈ 0.01 𝑚𝑚



concrete

UHPC

Properties

• higher mechanical properties than concrete (4-5 times)

• Higher durability (100 times lower permeability) 

Concrete

Ultra high performance concrete

Sand

Cement

Water
Aggregate
dmax < 32 mm

Water

Sand
 d < 1 mm

Cement
(700-1000 kg/m3)

Silica fume
d < 1 mm

Steel fiber (>3 vol-%)
L=10-20 mm

UHPC

13Solution 2 – Ultra-high performance concrete 13



UHPFRC application 14Bridge strengthening with UHPC 14

Riddes Viaduct, Switzerland, 2021

© E. Brühwiler



500+ applications since 2003, mostly bridge strengthening 20000+ m3 since 2003

Type of structure

UHPFRC map 15Switzerland UHPC applications 15

Bertola, Schiltz, Denarié, and Brühwiler “A review of the use of UHPFRC in Switzerland ”, Frontiers in the built environment, 2021



UHPFRC intervention Replacement
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Other

-83%

Environmental impacts and economic benefits

UHPC intervention
   ≈2500 CHF /m2

Bridge replacement
 ≈ 10’000 CHF /m2

1616

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



Cost savings Carbon savings

2.55

9.06

Savings: 10 billion euros Savings: 2.55 mt of CO2

Large scale benefits

Network (4000 bridges) analysis over 80 years

17



© E. Kälin

Fruttli bridge – first timber-UHPC bridge (2020) 18



Solution 3 – Reuse of concrete

Kirchberg (LU), 2026Kronos Building (1995-2026)
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Current practice
 “Recycled” concrete 

Drawback
No CO2 gains

Recycled aggregate New aggregate

New cement
(75 % CO2)

New concrete

Habert (2021)

Recycled concrete vs reuse concrete

Research
 Reused concrete 

Advantage
Large CO2 gains

Donor building Receiver building

Deconstruction Reconstruction

Advantage
Fast demolition

Drawback
Careful deconstruction



Recycled aggregate

Reused concrete

21Challenge: Current civil-engineering model can predict the second-life performance



Concrete reuse 22Reuse of concrete process 22

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



Flo:Re prototype

Recycled
rubber

New
dowels

Reused steel 
profiles

Cut RC pieces from a 
cast-in-place roof slab

1:1 office-building floor mock-up

23FLO:RE mockup 23



FLO:RE Mockup

Küpfer, 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.

80 to 95 % CO2 reduction compared to 
flat slab in recycled concrete

99 % reused materials

24
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Conventional 
approach

New framework

Palliative maintenance

Additional
lifespan

Regenerative maintenanceDemolition

1) Structural monitoring 2) UHPC intervention

3) Reuse

2nd life

New infrastructure management approach 26

Deconstruction
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