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Part 1: Genesis of UHPC
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Genesis of UHPC

The first large-scale construction
In concrete (try-and-test)

A 80-15 BC: Marcus Vitruvius
POLLIO is the author of De
architectura, known today as The
Ten Books on Architecture. Vitruvius
Is famous for asserting in his book
that a structure must be solid,
useful and beautiful.

A Started in 27 BC and completed in
125 AC, the Pantheon has the
largest un-reinforced concrete (lime
and natural pozzolan) dome ever
built (43m in diameter).
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Genesis of UHPC

Bridge on the Veurdre river (France, 1910-1911)
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Genesis of UHPC

Pier Luigi Nervi
(1891-1979)

L* LafargeHolcim

The hall of the Turin Exhibition Center "is formed by the
assembly of prefabricated elements in ferrocement, assembly

completed by reinforced concrete ribs, cast in situ, and arranged
in the hollow and the top of the wave".

Page 104, in Savoir Construire - Nervi




Genesis of UHPC

Oscar Niemeyer
(1907-2012)




Genesis of UHPC

The 20t century: the technological breakthrough

A Advanced scientific understanding
A Superplasticizers
A theory of granular packing
A physical laws governing aging

B UHPC
A predictive engineering of durability 300 (2000)
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Genesis of UHPC

Concrete is a natural
Heterogeneous
material

Geometrical with particles and aggregates of
various sizes

Mechanical, with a different stiffness between

aggregates and cement paste

Chemicakn Chemi cal o shrinkag

inside a rigid skeleton of aggregates => damage

Weakness of
aggregate/cement
paste interface



Genesis of UHPC

A Limitation of the aggregate size (<0.6 mm for Ductal®)
and limitation of sand dosage

A Enhancement of paste properties with a Young modulus
closer to the one corresponding to the sand skeleton

A Paste content sufficient between the aggregates to avoid
rigid skeleton: Self dessication shrinkage is not blocked
(less damage)




Genesis of UHPC

Since ancient times, fibres have been used to reinforce brittle materials

Exodus 5:6,

And Pharaoh commanded the same day the taskmasters of the people, and their
officers, saying, we shall no more give the people straw to make brick, as heretofore: let
them go and gather straw for themselves.

Egyptians used straw to reinforce mud bricks, but there is evidence that asbestos fibre
was used to reinforce clay posts about 5000 years ago.

© LafargeHolcim 2018 16
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Genesis of UHPC

Early 19th century, patent on Several patents on fibre
steel fibres as reinforcement geometries
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Characteristics of UHPC

Improvement of the

homogeneity

Improvement of the
packing density

ﬁlow WI/C ratio and a \

high cement content

A Reduction of the
porosity

A High compressive
strength and durability

<
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ﬁHPC does not contairm

any coarse particle
(O 2) mm

A Homogeneity

A High compressive
strength

Improvement of the

ductility with fibers

ﬁse of micro-fibres \

A Length 12/20mm and
?#=0.2/0.3 mm

A Tensile strength (fibre
ratio depends on performance
requirements)

© LafargeHolcim 2018



Characteristics of UHPC

C Very high compressive strength

200 -

Compression
Stress
(MPa)

60 -

40 -

20 7T

L* LafargeHolcim

Ductal

Ordinary concrete

0.2 0.4 0.6

Strain (%)

© LafargeHolcim 2018

23



Characteristics of UHPC

C Very high bending strength

Ductility
50 T
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Flexion Stress
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Characteristics of UHPC

C High direct tensile strength
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Elongation (mm)
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Characteristics of UHPC

Carbonation test

Sonie

C Very high durability

A 100 to 1000 more durable than ordinary concrete

>\

no depth of carbonation

>\

chloride resistance (diffusion and penetration)

>\

freeze-thaw and spalling resistance

>\

gas and water permeability

>\

water porosity / total porosity (mercury intrusion)

>\

high resistance to abrasion and shock

lifetime of structures > 150 years

L* LafargeHolcim
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Characteristics of UHPC

C Very high durability

US Army Engineers Corp have placed
beam sample for long term exposure
resistance to sea water and tide:
samples are alternatively immerge and
exposed to weathering twice aday T in
place for the last 20 years.

No damaged confirmed by analysis by
pulse velocity measurements (ASTM
C597).

L* LafargeHolcim
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Characteristics of UHPC

C Very high durability
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Characteristics of UHPC

C Fine-tuning rheology

Vertical

spray, shotcrete

Slope Cont
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L* LafargeHolcim Advanced Materials for Sustainable Infrastructure Development



Part 3: Design & Execution
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Design & Execution

Philosophy of design

C UHPC is an engineered concrete-
like material

C The method of design depends on:

A the geometry (thin / thick members)
A 2D or 3D orientation of fibres

A the type of fibre (steel or non steel)
A post-cracking or elastic calculation

A the content of fibre A strain-
softening or strain-hardening
behaviour in tension

L* LafargeHolcim
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Design & Execution

Approach of design

Identity Card of Material* Buctal Identity Card of Material* Buctal
h,_l,'ih Ductal® G2 FM STT i h,,l,':"*,_ Ductal® G2 FM STT R
Date May 2018 | Wrizten by . ALK Date May 2018 | Weritten by W MALIK
Version 1 | validated by 5. BERMARDI ersion F | validuted by 5. BERMARDI

C ID card concept

A declaration of all the
characteristics of UHPC

A provide by the supplier of
UHPC (commitments)

C Suitability test

A conformity of UHPC to the
specifications of the project

Ve

A validation of the
manufacturing method

(mi xi ng, pouri

validation of the orientation
of fibres (steel only) with a
control mockup

L* LafargeHolcim
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Design & Execution

Case study
Beams of Equal Load Carrying Capacity

Reinforced
Concrete

NC C

C 5 i
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A, way

UHPC STEEL PRESTRESSED CONCRETE REINFORCED CONCRETE
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Design & Execution

Guidelines & Standards

Setra ERE il Standards Commission  Publication
i sl RS NF P 18-470: Material  AFNORi P18B  July 2016
NF P 18-710: Design ~ BNTRAi CNEC2  April 2016
NF P 18-451: Execution AFNORi P18E Q4 2018

Documents scientifiques ¢t techniques
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Design & Execution

Guidelines & Standards

Committee / WG Reference / Title Publication

CES 82
Japan .\]SCE. | Recommt_endatic_)ns for design and consrgction_of high_ March 2008
(Japan Society of Civil Engineers) performance fibre reinforced cement composites with multiples
fine cracks

. - Technical leaflet n° 2052
Switzerland SIA Commission 262 UHPFRCiConstruction materi al, di meSneEti 2()O:rl15| ng anec

: GB GB/T 31387-2015
Chma (National stgndardization technical Reactive Powder Concrete Nov. 2015

committee on Concrete)
A23.17T A23.2

Canada CSAA23.1 Annex U (Informative) Q32018

Ultra-high performance concrete (UHPC)

CBMF XX-201X
Standard for Ultra-high Performance Concrete: General 2019
Performance and Test Methods

EN 206:2013 iBeton - Festlegung, Eigenschaften,
Herstellung und Konformitato
Germany DAfStb 2019

(Deutscher Ausschuss fiir Stahlbeton) The UHPC-Guideline is designed as a complementary
document to the norms (DIN 1045-part 1-3) for which DIN EN
206 is the basis document.

China CBMF

(China Building Materials Association)

. ACI 239-D
USA ACI Committee 239 Materials & Methods of Construction with UHPC Q32019

L* LafargeHolcim © LafargeHolcim 2018 36



Examples of projects over the past 20
years
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Applications for civil engineering

- Joint fill for bridges
- Overlays

- Bridges

- Dams

- Ground slabs

- Nuclear plant

-é




Nuclear power plant, France
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"SR
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(after

§ Test samples taken in 2008,

i subjected to a stream of pure
& water at 35°C) showed that the
« UHPC  material had no
88 degradation of mechanical
B properties when compared to
s the initial measurements taken.

UHPC solution was selected to upgrade the Cattenom power
station cooling towers. Specifications were clear; they required
a building material that could withstand physicochemical
aggressions (run-off water, sulfates, thermal gradient &
freeze/thaw cycles) for the beams and girders providing the
support structure of the heat exchange building.

A total of 2400 prestressed girders made of UHPC were
produced at a rate of twenty per day. Its lightness also
enabled the weight of the structure on the foundations to be
reduced to a third of its conventional weight, with the added
bonus of a vastly extended lifetime for the structure.

ten years of being




Nuclear power plant, France: 10 years later

A Mean compressive strength = 240 MPa

AYoungds modul us = 55Nertssampling
A Poisson coefficient = 0.19 and testing in
A pH=12.35 February 2019

A carbonation depth =0
A water absorption = 0.03 g/cm? (10 times less than HPC)



Joint fill solution, USA & Canada
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Joint fill solution, USA & Canada

Benefits

« Accelerated Construction. UHPC offers durable and simplified details that facilitate the
fabrication and construction efforts needed to connect prefabricated bridge elements.

« Simplified Connection Details. UHPC allows for significant simplification to the design of the

component connections. Its properties allow for the redesign of common connection details in
ways that promote both ease and speed of construction.

+ Improved Long-Term Performance. Field casting of UHPC connections between prefabricated
components results in a strong connection that provides better long-term performance.

- 59in - #5 Straight Bar
G lERT
\\
)
y
1 G -
l
= Gin —

Straight Bar Connection w/ UHPC Girder Haunch w/ UHPC



Pulaski Skyway

3.5 miles, 4 lanes
NJDOT Mega-project




Renovation of Chillon viaducts,
Switzerland

A 53,000 m2 redecking

A 6,000 m3 cast in 6 + 4 weeks (two summer periods) in
a 40 mm-layer

A 7% slope




Precast Applications

- Cladding
- Sunshades
- Facade pannels
- Perforated panels
- Roof
- Perforated roofs
- Stairs
- Balcony
- Beams
{ - Columns
¥ - Segments for
' footbridges, bridges




=

Single 60 meter long
span with an only 3
cm thick deck with
stiffening ribs.



Arch UHPC footbridge, South Korea

UHPC arch bridge for
pedestrians spanning
120m. It consists of 6 00
precast prestressed f
segments shaped as

Mono-strands
greased

double-T bea_ms that i L.. "
are 4.3m wide and x
1.3m deep. The deck is "W g

30mm deep and has
transverse ribs every
1.225m.

4190
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Sectlon a I'appul intermédiaire- inertie maximale i . .
A New constructive pal‘dlng

A New Tectonics, between continuous and
discontinouous

2.0m

-

Section a mi portée - inertie moyenne
A N °
A5 om
=

Section aux extrémités - inertie minimale

AALiquid StioQoldaastidonct i | e

Villa Navarrai R. Ricciotti
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Haneda Airport extension, Japan
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MUCEM museum, France




MUCEM museum, France

Highlights
A 380 net panels
A 2000 m? thin deck slabs

A 330 tree-shaped columns

A 2 footbridges 75 m-span

A 35 hangers for external
decks
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3 éprouvettes
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Jean Bouin Stadium, France

Highlights

A Facade: triangle perforated
panels, up to 8m x 2.4m

A Roof: waterproof panels +
glass inclusions, same
dimensions. Ribs devices
used for drainage of water

A Isostatic panels support,
specific designed hinges
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