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Preface

This study has been carried out within COIN - Concrete Innovation Centre - one of presently
14 Centres for Research based Innovation (CRI), which is an initiative by the Research
Council of Norway. The main objective for the CRIs is to enhance the capability of the busi-
ness sector to innovate by focusing on long-term research based on forging close alliances
between research-intensive enterprises and prominent research groups.

The vision of COIN is creation of more attractive concrete buildings and constructions.
Attractiveness implies aesthetics, functionality, sustainability, energy efficiency, indoor cli-
mate, industrialized construction, improved work environment, and cost efficiency during
the whole service life. The primary goal is to fulfil this vision by bringing the development a
major leap forward by more fundamental understanding of the mechanisms in order to de-
velop advanced materials, efficient construction techniques and new design concepts com-
bined with more environmentally friendly material production.

The corporate partners are leading multinational companies in the cement and building in-
dustry and the aim of COIN is to increase their value creation and strengthen their research
activities in Norway. Our over-all ambition is to establish COIN as the display window for
concrete innovation in Europe.

About 25 researchers from SINTEF (host), the Norwegian University of Science and
Technology - NTNU (research partner) and industry partners, 15 - 20 PhD-students, 5 - 10
MSc-students every year and a number of international guest researchers, work on presently
eight projects in three focus areas:

. Environmentally friendly concrete
. Economically competitive construction
. Aesthetic and technical performance

COIN has presently a budget of NOK 200 mill over 8 years (from 2007), and is financed by
the Research Council of Norway (approx. 40 %), industrial partners (approx 45 %) and by
SINTEF Building and Infrastructure and NTNU (in all approx 15 %).

For more information, see www.coinweb.no

Tor Arne Hammer
Centre Manager
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Summary

COIN was initiated as a Centre for research based innovation (SFI) by The Research
Council of Norway. The COIN-programme started in 2007 and lasted for eight years
and ended in 2014.

A closure seminar was arranged in Trondheim 2 and 3 of December 2014 to mark the
end of this period and to present results from the research, focusing mainly on its

usefulness.

This report assembles the presentations from these two days.




COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

Table of contents

1

INTRODUCTION 6
WELGCOME ......utiiiiie ettt e e ettt e e e e e e et a e e e e e e eeeebaaseeaeeeeeasatssasaeeeeaessasaseeeeeaassssaseaeeeeannnrres 7
INTRODUGCTION......cciiiiitiiiiee e ettt e e ettt e e e e e ettt e e e e e eeeeettaaseeeeeeeeearaaaeeeeeeaassaseseaeeeeennsssseaaeeeans 13
ABOUT COIN ...t e e e ettt e e e et e e e e ate e e e etaeeeetteeeeeaseeeeesseeeensaneeeanes 18

TECHNICAL PERFORMANCE 23
CRACKFREE CONCRETE STRUCTURES .....cceeiutiiieitiieeeitteeeeitteeeeeteeeeeiaeeeeeetaesseeaeeseeseeeeessseseeessseseesnnas 24

TNEPOAUCHION. ... et 24
TESt TIQ AEVEIOPIENL ...ttt ettt ettt e e enees 30
Crack TeSt COIN and education of the iRAUSITY...............ccoviiiiiiiiiiioiiiiniii e 37
RELIABLE DESIGN AND PROLONGATION OF SERVICE LIFE.......ccccituiieetrieeesrieeeeireeessereeesssseeesssseeennnns 42
TRUEFOAUCHION. ..o ettt 42
ATKQLI-STIICA FEACLIONS ... ettt 48
COFFOSION ..ottt ettt e e ettt e e e e e e aeeeee e 60
STRUCTURAL PERFORMANC E ......ooiiiiuiiieeetieeeeeeee e e et e e et e e e e e e eeaaeeeeeeaaeeeeeaaeeeeenaeeeeesaeeeeenneeeeenneeeean 67
Ductility of lIGRIWEIGRE CONCTOLE ...........cc.ooiiiiiii ettt 67
JCO ADFASTION ...ttt 82

COMPETITIVE CONSTRUCTIONS 88

ROBUST AND HIGHLY FLOWABLE CONCRETE WITH CONTROLLED SURFACE QUALITY eeniiiininiinenenens 89
TNEPOAUCHION. ... et 89
Surface classifiCation tOOL................c..ccvoviiieiiieiieeiieeieeeeee ettt esaeeaaen 92
Assessment of SCC stability —lab and fleld ................c..ccccoceveviiiiiiniiiiiiiiiiiiiiieeeeee e, 100

DUCTILE HIGH TENSILE STRENGTH FIBRE REINFORCED CONCRETE ........cccccuveeeririeeeerieeennreeesnreeanns 105
Fibre concrete guideline and possibilities with fibre reinforcement................c.ccccocueeeeenenncnn. 105

HIGH QUALITY MANUFACTURED SAND FOR CONCRETE ......ccovviiiiiiiiiiieieieieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 126
TREFOAUCHION. ... ettt 126
Utilisation of local low grade manufactured SANA....................cccccoeveiiimioieiiiiiiieieeee e, 135
Crushed sand, manufactured sand and "engineered sand"...................ccccocoovioievenencenccnccnnn, 139
Transportation and SUSTATNADILILY ..............ccooiiiiiiiiiiieieeeee e 143

ENVIRONMENTAL FRIENDLY CONCRETE STRUCTURES 151

BINDERS WITH LOW EMISSION AND REDUCED RESOURCE CONSUMPTION .....iitvunieiiineeeeieeeenneeennnnns 152
FIy GSh - lIMESIONE SYNEEGY.........oceeeeveeieeii ettt enaeeseen 154
Accelerators for fly aSh CEMENL...............ccciviioiiiiriiieiii ettt 157
CAICINEA CLAY ...ttt 160
CAICINEA MAT ... e et 161
PlaSHICIZETS fOF SCMS.......ooiieeeeeeeeee ettt ettt eneas 165

UTILISATION OF CONCRETE IN LOW ENERGY BUILDING CONCEPTS ......cuvviiiieeieeiiiieeeeeeeeeirreeeeeeeenns 167
Concrete and PASSIVE HOUSE. ..............cccocuueiieiieieeeei ettt 167
ZEB cONCrete AnAd LA .........cc....oooviiiieei et 168
INSUIGEING CONCTOLO. ..ottt ettt 175

THE ROAD TOWARDS NEW CONCRETE RESEARCH AND INNOVATION ........ 176
INTRODUCTION TO THE PANEL DEBATE BY T.A. MARTIUS-HAMMER .........cccooiviiimiiiieiirieeeciiee e 177
CONCLUDING REMARKS BY T. RONNING .......cciiiiiiiiiiiiiiiiiiee ettt et etree e 180




COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

1 Introduction

Chairman: Tor Arne Martius-Hammer

12.00-12.10 Welcome Tor Arne Martius-Hammer, COIN's centre
manager

12.10-12.20 Introduction Terje F. Rgnning, COIN's chairman of the
board

12.15-12.30 About COIN Einar A. Hansen, COIN's originator
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Total: NOK 250 mill

RCN: NOK 76 mill

Partners: NOK 30 mill in cash
NOK 140 mill in-kind
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Did we reach the geoals?

The RCM-application:

“The wvision of COIN is creation of more attractive concrete
buildings and constructions. Attractiveness implies aesthetics,
functionality, sustainability, energy efficiency, indoor climate,
industrialised construction, improved work environment, and cost
efficiency during the whole service life.

The centre will strive to fulfil this vision by developing advanced
materials, efficient construction technigues and new design
concepts combined with more environmentally friendly material
production”.

sfir-

Did we reach the geoals?

The RCM-application:

advanced
materials, efficient construction technigues
more environmentally friendly material
production”

sfir-
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Did we reach the geoals?

CRI-objectives:

o stimulate innovation through long-term research

= aftract research activities to Norway

= create an active co-operation between industry and research
institutions

= promote development of internationally leading research
environments

=]

stimulate education of researchers in important fields for the
industry

sfir-

Results -
reported in nearly 150 scientific publications

Products
Patent
Guidelines

(]

(]

]

Simulation tools
Test methods

]

]

(]

Workshops/conferences

sfir-
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Ce Nz

L

"Belite calcium sulfoaluminate
ternesite (BCT)" - a new
environmentally friendly
binder, by HeidelbergCement
Technology Center in Germany

=}

=}

"Smart dynamic casting" - robotized casting of complex concrete elements,
by ETH Ziirich

o "ZUBLIN Earthquake Column" - a novel solution to design earthquake
resistant columns, by Ed. Ziiblin A5G, Germany

o "Climbing robot for corrosion inspection and monitoring” - a climbing robot
for condition control, by ETH Ziirich

sfir-

1) Environmental friendly 2) Competitive 3) Technical
concrete structures construction performance

Binders with low emission and Stable and robust highly Crackfree concrete

B . flowable concrete with
SR controlled surfaces Service life

Utilisation of concrete in : : ;
| Buildi High tensile ductile Structural performance
Sl o strength concrete

High quality
manufactured sand for
concrete

sfir-
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More information on www.sintef/coin.no

sfir-
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COIN Seminar: Introduction

COIN Decamber 2~ 2094 - Tede . Renning AEIDELBERGCEMENT

COIN "Assets”

m Research with innovation focus

m Addresses public & sector strategic agenda

m Joint venture Research & Industry :

m Mutual involvement = precondition for success

m Consortium > Value chain >> } [single actions]

m External interest / publicity

m International levelling of research & Co-op.

m Public funding support

m Volume | Critical mass

m Ability to address flexibility & organisational issues

m Adequate support functions
m AND some challenges, but today we celebrate!

AEIDELBERGCEMENT

13
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B Al have their own agenda, but ....?

aSectors
Strategic Agenda
20072 20147 20207
Enkelt-
Bedrift

Norsk Industri
RIF

AEIDELBERGCEMENT

B General targets & functions

= Arenafor innovation
— Between Industry & Research & Education
— Cross-enterprise joint venture
— Enterprise AND Sector strategic issues
— Value creation

B Arena for developing ORGANISATIONAL
environment

AEIDELBERGCEMENT

14
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Arena for recruitment & education (PhD) development
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Bl COIN Significance ?

Morga | forhald til DECD/Nordan for avrig/
Eu2Bi20m2

— A snas ELIZA
DECD -

o i CECD - WESTISOFA ), Dounasfece of 4 Geeww 210 3 LT

AEIDELBERGCEMENT

B Industrialized Construction Sector
Can we manage .....

L ! ||
Industriell byggenaering?
u -
[I 2 Industrialisering mé til for &
i byvage bedre og billigere -
I ikke bare for okt inntening,

. men ogsh for det
samfimnsansvar vi som delvis
skjermet nsering har. Men kan
bvggenseringen bli
industnell? Samlet er vi 1 dag
mgen mdusten — vi et en
neenng med hindverkere
forsokt satt 1 system.

Ohvvind Skarholt 30.08.2012 Adm. direktor 1 Byggevareindustnens forening

AEIDELBERGCEMENT
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] Now - what ? E
,_,.,..':.ﬁ'-_::m -

Meld. 5t. 28
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Hab g L0 "ot T
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i i il s By el

Hew arena for joil
strategies discu ?

* |nterim group at work.

« Watch — Follow — Attend!

AEIDELBERGCEMEMNT
[]
Today
ENJOY
&
Pose questions
Thankyou!

AEIDELBERGCEMEMNT
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TROMDHEIM KOMMUME

COIN - The Dream

E

=

. 3
¥ BETONG

Concrete anno 2004

B Low publicimage
B The industry talks about technology and volume sales
- not addressing solutions
B Criticized for a lack of understanding of their customers needs
B "We have made encugh ressarch - time to implement”
® No funding from the Research Council

Yet:

B A major concrete research effort in the period 1980 - 2000

Documented a yield rate of 19 on R&AD investments (2002)

® Innowvation can release a huge value creation potential (BAE-council, 2002)

B Concrete Day October 2004. Goal: pride, inspiration and motivation.
The message: "We have just started - the possibilities are endless”

'fi,!-' nm =
¥ SINTEF 5F. S

18
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Winter 2005
The SFI Scheme is launched

Objectives:

1. Promote innovaton by supporting
long-term research

Make it attractive for enterprises that
work on the international arenato
establish R&D activities in Norway

Support close cooperation between
R&D intensive companies and
prominent research institutions

L

4. Promote the development of industrially
oriented research groups that are on the
cutting edge of international research

Ln

Stimulate researcher training in fields of
importance to the business community

(3 SINTEF SF:':_—T—

"4

,:.' BETONG

The birth of COIN

B Spring 2005: Design of overall objective and topics
® June 2005: Promoting the dream to Norcem and NTNU
B Summer 2005: Discussion with companies;
participation and R&D strategies
® COctober 2005: SINTEF and NTMU Information Day - Final decision

o "
s
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B Spring 2005; Design of overall objective and topics
® June 2005: Promoting the dream to Norcem and NTHNLU
B Summer 2005:  Discussion with companies;

participation and R&D strategies
B October 2005: SINTEF and NTHNU Information Day - Final decision
B Movember 2005: Writing the application
B [December 15 Application sent on deadline

i SINTEF 5F:'=._
R

a
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Vision of COIN

Attractive Concrete Buildings!

Attractiveness implies

aesthetics, fundionality, sustainability,
energy effiaency, indoor climate,
industrialized construction, improved work
environment, and cost efficiency during the
whole zervice life.

The centre will strive to fulfill this vision by
dewveloping advanced materials, efficient
construction technigues and new design
concepts combined with more
environmentally friendly matenal production.

Cur over-all ambition is to establish COIN as
the display window for concorete innovation in
Europe.

(3l SINTEF

The birth of COIN

B Spring 2005: Design of overall objective and topics
® June 2005: Fromaoting the Dream to Norcem and NTMU
B Summer 2005: Discussion with companies;
participation and R&D strategies
B October 2005:  SINTEF and NTNU Information Day - Final decision
B MNovember 2005: Writing the application in two weeks
B December 15 Application sent on deadline
B Winter 2006: Promoting C2IM in conferences, seminars eto

B June 169 2006: COIN announced as SFI

o "
s

21
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15 januar 2007 - Kick-off

Dag Kavlie,
Norwegian Research Council:

"It caused enthusiasms in

the international evaluation
committes by such a vigorous
application from a traditional
field like concrete.”

| Gswree ______________________ GEiE=

(COIN

Lessons learned

s Research must bea long-term
strategic investment rooted in the
company management

s The research groups must be on the
cutting edge of international research

+ The companies should cooperate
and concentrate their research
contributions to SINTEF and NTHU

s+ SINTEF and NTHU need to
demonstrate added value from
research

The future:

s The competition in the marked will be
even tougher

+ The industry need to increase their
research efforts in orderto be in front

| Gswree ______________________ GEiE=

22



COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

2 Technical performance

Chairman: Tor Arne Martius-Hammer

12.30- Introduction

Test rig development

—13.15 Crack TeSt COIN and education of the

industry

13.15 - Introduction

Alkali-silica reactions

—14.00 Corrosion

@yvind Bjgntegaard
(Norwegian Public Roads
Administration)

Anja Estensen Klausen,

PhD student (SINTEF/NTNU)

Sverre Smeplass (Skanska)

Mette Geiker (NTNU)

Terje F. Ronning (Norcem)

Jan Lindgdrd (SINTEF)

Karla Hornbostel, PhD student
(NTNU)

Chairman: Ya Peng

14.15 - Ductility of lightweight concrete

Ice abrasion
—15.00

Jan Arve @verli (NTNU)

Stefan Jacobsen (NTNU)

23
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COIN P3.1 Craclkfree Concrete Strucitures

A) Background [/ Usefulness
@yvind Bjentegaard, NPRA

B) Lab equipment (and tests/calculations)
Ph.D. Candidate Anja E. Klausen, NTMU/SINTEF

C) Implemetation and transfer of knowledge

- New program and course
Sverre Smeplass, Skanska Norge AS

"y SIMTEF OOIN Semimar, Deosmiber 2014 P21 Cracidnes Concrete Struchunss

<~ Background

— Earlier projects

®m Earlier genuine Norwegian projects on curing
technology / “thermal cracking”
m NORCONM 1993-1996 (NTNU)
m NOR-IPACS 1996-2000 (Skanska),
m NOR-CRACK 2001-2005 (NTHU)
{supported by the Horw. Res. Council)

B Brite-EuRam project IPACS 1997-2001 (Scancem AB)

m several Morwegian participants

= COIN 3.1, 2007-2014 (Sintef Byggforsk)

"y SIMTEF OOIN Semimar, Deosmiber 2014 P21 Cracidnes Concrete Struchunss

24
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“Background
— Norwegian Public Roads Administration (NPRA)

B We have participated in all the listed projects — why?

B We own today about 17.000 bridges, including
submergedfunderground culvert structures. In addition, supporting
wall structures, and numerous other structures..

B Our structures are often massive and the exposure is generally severe
(XD3, X53) - meaning:
m yic =040
= high strength
m high cement cantents

m zignificant heat of hydration and high cracking tendency

ackground
- Volume changes and stress build-up in the
hardening phase

Critical

period
Temperabr {°'C) ,.l"l

» B

o, 1 mwveqq f

=0
e
a0

0 24 4 T2 W™ 1D 14 1=

. Timer etter utsteping
Mﬁf

(3l SINTEF
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Example of crack-pattern in walls due to
external restraint from the bottom slab

26
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<”Background

- what controls stresses and cracking

B Hydration heat
m Coefficient of thermal expansion

® Autogenous shrinkage
B E-modulus

B Creep/relaxation

® Tensile strength

B Temperature sensitivity

m Structural case (L/H-ratio, area of structural parts, etc.)

(3 SINTEF Com Seminas 2014: 7.1 Cracatres € sfi-=—

R
L@

ackground
— Requirements to avoid/minimize thermal cracking

BAT

(Limits on temperature difference between adjoining structures)

For special cases
B AT + Low-heat (LH) concrete

B The definition of LH set by NPRA in an upcoming revision of
Prosesskode-2 is directly taken from work in COIN 3.1

M Full crack-risk evaluation with advanced
curing technology

"y SINTEF D0IM Sesrowrear, Desossmibeer 2014 P21 Cracidnes

27



COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

Active participants COIN 3.1 (2014)

m KO KJE”SEH - NORCEM AS (manager sub-project3.1)
B E Heimdal - Veidekke

B A Klausen - NTNU/SINTEF

®m | Kanstad - NTNU

B G Kjellmark - SINTEF

® 5 Smeplass - Skanska

B I Sather - Unicon

m N Al-Manasir - Mapei
B J Bjantegaard - NPRA

B Autogenous deformation and relative humidity — Concrete with Aalborg

Portland cementand fly ash.
m Ejelman G, SO report 24 - 2010

B Basis for and practical approaches to stress calculations and crack risk

estimation in hardening concrete structures, state-of-the-art report.
= Ejerfegaand &, OO report 31 - 2011

® Property development and cracking tendency in hardening concrete:

Effect of cement type and fly ash content.
m Bjemegaard @ and Kjelisen KO, COIN neport 40 - 2012

B Temperature development in on-site curing boxes.
m  Kiausen, ASE and Sjemegaand @ COIN repor 2014 (i press)

B Crack-risk evaluated with Crack-Te5t COIN

m  Smeplass 5., Bergel O COIN-repont 2014 (Chose W0 press)

B Mechanical properties and calculation of model parameters for concrete
with variable fly ash content.
m Kelmak G, Kiausen A, ODiN-repor 2014 (Close 0 press)

i DOiIN mal, Deossmiber 2014 P31 Crackfnes Cononebe Shruchuness e
¥ SINTEF . =
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Conference papers

B Updated Temperature-5tress Testing Machine (T STRM): Introductory tests,
calculations and verification. Frocesdings of XX Nordic Concrete Reseamch
Symposivm, lceland 2014

Klaw==n, Anja Birgittz Estensen; Kanstad, Terjgs; Bjentegaard, Ehywind.

®  Structural Analysisand Crack Assessment of Restrained ConcreteWalls - 30
FEM-Simulation and Crack Assessment. Proceedings of Concrete Innovation Conference
2014 - GIG 2044, Oslo Nomway.

Crirk Schiicks, Mguyen Viet Tus, Anja Klausen, Terje Kanstsd, Ehywind Bjentegaard.

B On materials testing and crack risk evaluation of hardening concrete structures
Workshop Proceedings "Understanding the Fundamental Properties of Concrete”
Celebrating ProfessorErikJ. Sellevold on his 75th birthday, 25th-26th April 201 3,
Trondheim, Norway.

Bjentegaard, Eyvind; Klausen, Anjs Birgitta Estensen; Kanstad, Terjs.

B Updated Temperature-5tress Testing Machine (TSTM): Introductory test results and
determination of material properties development. Proceedings of X2 Mordic Concrets
Ressarch Symposivm, Finlznd 2091

Hanstad, Tere; Kielmark, Gunrid; Klausen, Anja Birgitta Estensen; Bjantegaard, Ehyvind.

® User-manual for the TSTM-system
Klausen, A B E (2014)

B Autogenous shrinkage measured during different test series and
projects 1996-2006

Bjentegaard, & (2013)

B TSTM: Description of mode of action and algorithm for the new

control system
Bjentegaard, & [2009)

(3 SINTEF COIH Semina e 2.1 Crackfres Concrete Structures =
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COIN P3.1 Crackfree Concrete Structures - Lab Equipment

The Free Deformation System
The Temperature-Stress Testing Machine

Ph.lr. Candidate AnjaE. Klausen, NTNU/SINTEF

Supsrvisor: Terje Kanstad, NTHU
Co-Supervisor Eyvind Bjentegaard, MPRA

i SINTEF

Content

m Background
m Lab Equipment
» Free Deformation (FD) - System
» Temperature-Stress Testing Machine (TSTM) - System
Performed Tests and Calculation Approaches
Results
Conclusion

i SINTEF
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Background

m Early age concrete
® Volum changes ==  Crack development

Problems; Functionality
= Durability
= Aesthetics

Economical

How can we control/reduce crack development?:

= Material properties + Pre-calculations

(3l SINTEF

m Measures free deformation
~ Thermal dilation
= Autogenous deformation
m 7 Rigs
m Temperature controlled

Measnrg beoll Copper hibs Irisdalion Sl piate i Movakie end plales
Pobyatymens and Sl

| Concrate
LVDT 1 — =i — _-L'JDTE

-

ODIM Seminar, Deosmiber 2014 P21 Oraddres Conanebe Struchures
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The Temperature-5Stress Testing Machine (TSTM) - System

- 21 = e ]
| 1 ¥ F

Built in 1995, updated
in 2009 - 2013

Temperature-Stress
Testing Machine
(TSTM)

ODIN Seminar, Deosmiber 2014 P21 Oraddres Conanebe Struchures

The TSTM

Motor - Sorow (Crosshead - Mid-saction r Sieel Frame | Load Call
| mwovalble mouid

O 0y F =" 1 o o
[ r .!.lL_'. il '|ll|’
! LVOT 1
I i r L S 1 i 4 b
= =R = —p
: | o w -T‘....-. '.-: -‘."'.J- ') e
| —_— LvOT 2 1 A
! — : i —————
1 t T (i T f
! I 9 ET | H \:TTt -
: 700 1 :
I .
: Software E i Ball-bearing
I P —— ] .
I___ILDEf-:-'ﬂatm-:;:-ﬂtw:- N N Measuring bolt
..... .| Load control

ODIN Seminar, Deosmiber 2014 P21 Oraddres Conanebe Struchures
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Temperature development

III‘J._\‘tl\. | . ::
_ I|' AN |
Degree of P bt b
restraint, R ; ||..-'
£
: i
T 'I.

l"} SIMTEF OOIN Semimar, Deosmiber 2014 P21 Cracidnes Conorete Struchurss

Performed Tests and Calculation Approaches

m |sothermal 20 =C, R =100 %
m Realistic temperature development, B =50 %

m Concrete:
= Portland Cement
= Water-to-binder (w/b) ratio 0.4
= \arying amount of fly ash

m Calculations
" Excel
" CrackTeSt COIN
= DIANA

(3l SINTEF
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Results

B Measured free deformation — Dilation Rig

B Measured stress development — TSTM

B Calculated stress development

M SINTEF COWM Seminar, Decemiver 2014: P21 Cracktr

Dhc .1 Cracidres Comonetes Struch

Measured free deformation
Realistic temperature development

400 +
VIOTF - Free deformation
00 - Vi3 - Free deformation
WY - Free deformation
g- 200 ™
=, 5
£ LY
m 100 4
8 %,
o %,
S M
= 0 4= f 1 K-FH\H 1 {
I} 24 43 2 86 . 10 144 183 182
-100 - - ! - e
=200 -~ l —t
Time [h]

ODIN Seminar, Deosmiber 2014 P21 Oraddres Conanebe Struchures
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Measured free deformation
Realistic temperature development

400 I
Free deformation
\ —Themal dilation
300 —Autogenous deformation | |
= 200 \
=
£
100 -
a—
g
'E ‘_‘-‘_‘_"‘—i—-_
= g
48 5 13 192
-100 ——
-200 -
Time [h]

COIN Seminar, Deosmider 2014: P31 Cracifres Doncnete Strochures

Measured stress development, R = 50 %
Realistic temperature development

. 70
Temperature
- PEEE. Tensile strenzth a0
el
| g - — 50
'E - 40 %
'E. 5
= = 30 E
: g
2 = 20 k]
144 158 19z
— [ asured —r 10
- = Excel
- == CrackTest COIN |— 0
- = DIAMNA
. . | | .10
Time [h]

COIN Seminar, Deosmider 2014: P31 Cracifres Doncnete Strochures
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Measured stress development, R = 50 %
Effect of fly ash

5 :
4 TIT ED
[t
=] ED
e i
o | |
E - |
H 5
= %
E “'\-’\--\-'\-u--\-..-\. ............... E‘
; ..... ED 'E
144 1p8 i
10
—ANLF&f.
——ANLFA+ 16FA I
o ANL Ref, temp
- ANLFA+ 16FA, tamp
| I I :

Time [h]

COIN Seminar, Deosmider 2014: P21 Cracifres Doncrete Strochures

Measured stress development, R = 50 %
Effect of fly ash

5
4
3 "-‘- | _I_Il—"‘—"‘-r_
p I A P R — ——
A T i =
o I - |
PE 2 r 2O e
I g
2141 ol
—_— I L _'—-
i 1 -
g | s
= 0+ p f I r
] i‘\.&ﬂ- 43 F‘_rl'rr]"g._l"J g6 120 144 163 142
-1 [ ey —
ﬁ"-,_L T r"IJ —ANLRef.
2 ANLFA+ 15FA
= = ANL Ref., tensile strength
3 = = ANLFA+ 16FA, tensile strength

Time [k]

COIN Seminar, Deosmider 2014: P21 Cracifres Doncrete Strochures
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Conclusion
B The TSTM-System shows good reproducibility

® Measured stress development in the TSTM offer good agreement
with corresponding calculated stress development

® Solid material knowledge based on matenals testing in the
laboratory, combined with reliable calculations (CrackTeSt COIN)
makes us able to predict, and thus control, the crack nsk in
concrete structures caused by early age volume changes.

(3l SINTEF

SKANSHKA

One of the deliveries of COINFA 3.1:

Crack TeSt COIN

2D tool for assessment of crack risk in massive
structures subject to thermal restraint

(3l SINTEF

37



COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

i SINTEF

SKANSKA

i SINTEF
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SKANSHKA

Crack TeSt COIN can be used to:

1. Improve structural design to avoid or limit
thermal restraint effects

2. Detail contract specifications in order to avoid
harmful cracking

3. Select the most suitable concrete mix design

4. Planand select curing and protection measures,
including insulation, heating and cooling

B. Documentation of obtained crack risk

(3l SINTEF

SKANSHKA

Implementation and transfer of knowledge?
-The Crack Test COIN course!

Target group for the
CrackTeSt COIN course

1. Consulting engineers
2. Developers / Clients
3. Contractors

4. Material suppliers

(3l SINTEF
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SKANSHKA

Contents -
CrackTeSt COIN course

1. Basic curing technology
Maturity principle
Material models
Thermal and aufogenous restraint
Recognition of restraint cases

. Introduction to software and data base
3. Training through case study - individual
analysis and report
4, Discussion of results

i SINTEF

SKANSKA

CrackTeSt COIN course - case:

The Maollenberg funnel (Trondheim)

7 T T
f"’ 00 | [la 7000

gl T [l

&t AL
9612 9884

T

i SINTEF
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SKANSHKA

Status

#* 1 course conducted, 2014 (Multiconsultand Veidekke)
» 1-2 courses planned, winter/spring 2015

Course committee:

Sverre Smeplass, Skanska
Terje Kanstad, NTNLU
Syvind Bjsntegaard, SVV/NPRA

(3l SINTEF

SKANSHKA

Further development

» More material data should be provided
» Mandatory use in SVV / NPRA projects?
» Cther types of massive structures?

*»  Railroad structures

* Concrefe dams
*  Harbour structures

(3l SINTEF
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COIN Seminar
2" and 3" December 2014

Focus area 3.2
Reliable design and prolongation of
service life (of concrete structures)

Mette R. Geiker
NTNU

Focus Area 3.2
Activities
Modelling (see also 7)
Critical chloride content
Electrical resistivity
Alkali-silica reaction — Performance testing
Preventive measures

Residual Service life

Improved service life modelling of reinforced
concrete structures

Impact of corrosion on structural performance

42
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COIN FA 3.2 — Activities
I Y [ R,

Modelling SKANSES, Alexander Michel
SINTEF, DTU, Madeleine Flint
Stanford
Critical chloridecontent  Ueli Angst ETH
3 Eledricl resistivity KarlaHornbostel SWW ETH
4  Alkali=silic@reaction— lan Lindgard MORCEM
Performancetesting Mew Brunswic
Preventive measures SINTEF
& Residual Service life SKANSES
SINTEF
7 Improved service life Klaartje De SV OTU, DTI DenizaOrsakova
madelling ofreinforced Weerdt Arnaud Maller
concrete structures UllaH. lakobsen

& Impactofcorrosionon  Mahdi Kioumarsi
structural performance

OO 'Fread Sermesr 2 2eed 3 Deomeniber 2004

COINFA 3.2
Publications and presentations

L rr———ae e Lo

Modelling & general

2 Critical chloride content 9 & 0

3 Electrical resistivity 1 3 0

4 Alkali-silicreaction— 5 4 2 11
Performancetesting

5 Preventive measures 0 1
Residual Service life 1 0 1
Improved service life 4 B 0 3
madelling of reinforced
concrete structures

& Impactof corrosionon 1 2 0 0

structural performance

I ) 720 I T N
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Research on reinforcement corrosion
within COIN FA 3.2

Lowsd of Datarioration

| Fropagalon Pend @
]

Corrosion rate

&

Corrosion o
initiation —: |
 ——— | — —p Tima of Exposure [a]

I['EFESS am woralion recognEatie BGLGH non

Jlhol Meeasunng methods

phase changes

" —epesshaton of Lhe reinforcement Irube i P
(@) Fomatons of cacks

(@) Spaling of the cancrete cover Propagabion

@ Collapse of the struclune throegh P
Bond falune of reducton of e coss

Limed Slades

srctaon of the load Beraring  resnfoecemi
R [fib 2010]

Chloride ingress and phase changes

Phaszechanges
L2 R
Post Doc Project f o= d
. 19 | o == 90 d
Klaartje De Weerdt - .
5 os "1“ == 1504
€ X
= 06 ‘\ L
S *
E'I:I-i h I“h"llt""\.
v} ~\1h EH\
Al *
0.2 . ..k"“
- L R
0o LB ool * Ll
o 5 10 15
Summary Depth [mm]

* Phase changes affectchloride binding and are part of the
explanation for D(t) and Cs(t)

* Pore solution chemistry should be considered when quantifying
theimpact of binder composition on chloride ingress
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Initiation of chloride induced
reinforcement corrosion

PhD Project Summary

Ueli Angst The “characteristic

structural length” should be

. taken into account when

Supervisors L. L.
determining the critical

chloride content for a given
Claus K. Larsen, SVV/NTNU structural element

Bernhard Elsener, ETH

@ystein Vennesland

-
xr
X
Xo
Xo

Impact of concrete resistivity
on corrosion rate

PHD Project

Karla Hornbostel

Supervisors

Mette R. Geiker

Claus K. Larsen, SVW/NTNU
Bernhard Elsener, ETH
Ueli Angst, ETH
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Impact of corrosion on
structural performance
PHD Project

Mahdi Kioumarsi

Supervisors o

Mette R. Geiker {

Max Hendriks ‘

Terje Kanstad Nerlﬂndsybrua, Photo by ﬂr'r'.fi
Frttpr fooemmone wilimedia o

Summary

* A 3D numerical modelwas established to investigate the possible
impact on carrying capacity of localized corrosion on adjacent rebars

* Interference of localised corrosion within a critical distance

OO0 Fresl Sesminr 2 ared S Desommiber 2014

Alkali-silica reaction (ASR) — Performance testing

PhD Project
Jan Lindgard

Supervisors

Harald Justnes, NTMU
Erik 1. Sellevold, NTHNU
Michael D.A. Thomas, UNB, Canada

“Alal-gkca worms” (ASHR gel) escapng from a test sampie
Summary

* The testprocedure (i.e. specimen "pre-treatment", "exposure
conditions" and prism cross-section) dramatically influences the
outcome of an ASR performance test

= Alkalileachingisthe mainsource of error during accelerated ASR
performance testing

OO0 Fresl Sesminr 2 ared S Desommiber 2014
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Presentations - Selected findings

Alkali silica reactions

Terje Rgnning (NORCEM)
Jan Lindgard (SINTEF)

Reinforcement corrosion

Karla Hornbostel (NTNU)
Claus Larsen (SVV)

Acknowledgements

Funding
* COIN
* SW
* NRC
* NTNU

Collaboration
* Colleagues in COIN

* Colleagues at DTU, ETH, New Brunswick University and
Stanford University

47



COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

ASR vs. Heidelberg Cement NE innovation
What & How

Decamber 2=32014, Tade F. Rennhg & Jan Lindge Fﬂ] SINTEF AEIDELBERGCEMEMNT

B List of content

m  Specification vs. Performance based requirements
-and industrial needs

Role of HB 21

Role of RILEM TC
Spin-offs to other markets
DRAFT COMNCEPT

TEST RESULTS EXTRACT

 Owerview of research activities
= PhD study
= Follow-up study

+ RMain results and conclusions

+ Main recommendations - future research

Sl - LR WE NG i HEIDELBERGCEMENT
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B ASR Specifications vs. Performance Approach

How they differ ....
m Specs:
— Normative
— Simple (normally)
— Sometimes “copied” from abroad
— Non-transparent w r t risk / safety margins
— Often discriminate certain construction materials, i.e.;
— Do not provide equal playing field leverage
— Prohibits product and marketing development, i.e.;
— Preventinnovation

S 3-SR HEHE st AEIDELBERGCEMENT

B ASR Specifications vs. Performance Approach

How they differ ....

m Performance approach
— Must be HORMATIVE
— May be combined with Specs ...
- .FL”O'W assessmentof construction products in combination,
e
— Address functional properties & inter-dependency
— Provides product value leverage
— Sometimes disturbs established market shares...
— i.e. Provides FLEXIBILITY
— Requires assessment criteria
— Assumes lab/field alignment

— Need mtrl. {constituent) characterisation & Concrete
Performance Testing

— Representative Accelerated Testing N ‘ﬂ pr-s
— Penetration assumes intl. accepted principles L. A7
oy
s § - D sdon AEIDELBERGCEMEMT
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'E-L|:-|:-|:-rt1'|:-r
ts & concapt

- Intwn.itlunal State-of-the-art
slignment & Key thresholds
addrassing

- CEN & Rillem Interfacs

- HTC co-ordinztion ! sliginmsnt
- Mational stabaholder

- HB # reguistions dislegus

Sda D -E RCRE reovadon

pack
o
ik
et el
et “g.i'“-
=
e
rﬂﬂ'ﬂ"“m o
s

SWE Business development

- Boundary conditions

Investigations

- E-rgan Laatlul]Eal anvironmeant

Snpman

- National rsguiations subjact to

diffarentisl Spprosch

- ipgregate marksatin

development potemtisl

-CEMN rrlnrt-z-tlng concapt

potentis

National & cross boarder market access [ development

Pusblication mo, 21

Durable concrete with

Alkali Reactive Aggregates

lc = BT R aeaon

B HC NE-ASR Targets & Tasks Differentiation

Baltic market development

- Staksholger Rateon development
- Mattonal staksholder sducstion

- Mationsl reguistions design
[dizslogus ! up-data)

AEIDELBERGCEMEMT
NB 21
= Spec with
«Performance
extensions

=«  PT used for product
application rules

= Fits product
declaration needs

«  Norw. CPT amongst
«the bests but test

application rules &
formal interface in
need of up-date

« Technical issues
{probably;) due for
update, following
RILEM & mew KPHN
project

AEIDELBERGCEMENT
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Closure seminar -

* Petrography
* Chem/AMBT
* [#+A. release?)

Trondheim 2 and 3 of December 2014

RILEM Draft procedure

Concrete prism testing |

Aggregaie waciion{s)

FeEMoMmance 185 ng

Poteniial objectives

Detection af reactive af patentally
reaclive aggregates, follewing initial
characterisation by patrography and
possibly ofher tests, including &
Re-examinaton and —classifcation of
apgregates based on pre-stage screening
testing methads

Assessment of combination of aggregates
including fractions exhibiting alkali
pessimum behaviour

“Aggregate performance declaration”
Input to guidelines | NAD s of aggregates
classification and application

| Compnations of Binderns) and aggregate(s]
Potenbal Alkali Aggragate Specilic Specific bnder’ | Job mix
reactivity threshold level | combinations | aggregate(s) cement combinations
wit : ol . )

Paotential objectives |

Charactersation of specific aggregate(s)
produdt combingd with speciiicigeneral
cementbinder, including modified alkali
threshold level with such binder ("Aggregate
perfomnance declaration 1I7)
Characterisation of specific cementbinder
product combined with (reference;)
regicnally reactive aggregate type
{"Cementbinder performance declaration”)
Characterisation/tuning of combinations of
concrebe constitvents for a particular
construction project, but at a fixed wic-ratio
1o avokd arefacts, and formal handling of
constituents’ quality variations

Input ta guidelines | MAD"'s of aggregates,
cementbinder

T Naticnal Application Document, e, regulations valid in place of use

e T -4E RORE Ineadon

B TC AAR Subjectmatter

AEIDELBERGCEMENT

Develop/promote performance based testing concept
for preventing ASR

m Finalize and validate testing methods (Alkali
boosting, Pessimum, Binder/Aggregate kinetics (T),
RRT & Lab/Field)

m Potential aggregate alkalis release assessment and
alkali household implications (Finalizing testing
method and developing application procedure, Alkali
“re-cycling”?)

m Flow chart proposal ....

m Standardisation input NO, SE, CAN, ASTM, Balt, CEN

e O -4E RORE Ieadon

AEIDELBERGCEMENT

51



COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

u Previous “WP 1 related” Deliveries

“Information mapping” lablfield studies (no success)

m Attempt to quickly address key issues and proceed with

draft procedure (failed;) — Need to step back and;

m Prepared comprehensive STAR on various influencing

parameters on labl/field relation. Formal report & CCR
Publication. Work intensive, substantial individ.contrib.

m |dentified critical issues & Researchissues

— Leaching/Threshold ; Substantial support from JL PhD

— Substantial general research information exchange

— Boosting of alkalis (draft programme & sampling) / Limitations ;
Boosting trial procedure developed. Weimar-HC-Sintef issue.
Test samples for trial.

— Improved focus on labffield relation investigations

— Pre-curing (C-type) ; JL, F{C/Aggr)? < Coin WP2

— Remaining issues must be solved by “convention™ [/ “lack of

precision™
el § - R B NG Iensadin AEIDELBERGCEMEMNT

* Petrography Draft procedure
* Chem/AMBT

* [+ A. releaze?)

Concrete prism testing

Aggregate fraction(s) Performance testing :
Combinations of binder(s) and agaregate(s)
Puotential Alkali Aggregate Specific Specific binder/ | Job mix
reactivity threshold level | combinations | aggregate(s) cement combinafions
with pessimum | characterisation | characierisation | characterisation
Potental objectives Potential objectives ;
+ Delection of reactive or potentially +« Characterssation of specific aggregate(s)
reactive aggregates, Tellowing initial product combined with specific/general
charactensation by petrography and cementbinder. including modified alkali

* Characterisation # Performance

* Testing method # Assessment

+ Assessment = Char. + Performance T. + T. Criteria
(locally or mineral dependant testing limits)

+ Input 1o guidelines / MAD"s of aggregates construction project, but at a fixed wic-ratio
classification and application 1o avoid artefacts, and formal handling of
constituents’ quality vanations
s Input to guidelines | MAD"s of aggregates,
cementbinder

" National Apphcation Document, i.e, regulations valid n place of use
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ASHK - Performance testing
Extract from research within COIN

Jan Lindgdrd

ASR performance testing (principie)

Alkali reactive aggregate

Assumption:
Expansion in lab. reflects long term
performance in field structures

Accelerated

laboratory testing

[exxpancion < critical linit?)

W

ample: Iz addition of fly
ash able to reducethe
effective alkali content
(pH) sufficienth*

; [
'f'_l.-. SINTEF EFHE

High moisture content
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Overview of research activities

PhD study (wr1n
= Mainquestion:

reactivity of aggregates suitsble for general ASH performance testing of concrate?

= Extensive lab. program
< Meodified wariows test procedures — gefect snw sources of srrors

= FRecommendations for performance testing
< Papers in journals and st conferences
< |nput to RILEM TC 21%-ACS on ASR

e I

Important technical questions

1. Are the alkalis kept in the system? (pH7)

—r
[/*:-f"f
5 7
/|
(=1
i
7 Frnciple Wiesiration of the
relzfion between allkall content
h/ (pH and expansion dus fo AR
Alkali content (pH)
Gruestions:

1a. Rate and extent of alkali leaching for varicus test procedures? no skl kscning i nek)
1b. Influence on the ASR expansion?

e TS
(% SINTEF Sf' =
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2. Sufficient moisture? j

e ¥ ¥ S
=
2
&
fi
1]
w
E T Frinciple iiusiration of the
& refztion betwesn AH and

damzge due o AZR
T T T 1
0 20 10 al 50 100
Relative Homidity |RH), %
Gluestions:

2a. Internal RH when testing concrete with low wicm?
2b. Internal RH when adding Supplementary Cementing Materials (3CMs)7?
2c. Influence on the ASR expansion?

sfirz=-

3. Any influence of the exposure temperature?

Gluestions:

3a. Influence on rate and extent of alkalileaching?
20, Influence on internal moisture state?

3c. Influence on the ASR expansion?

sfirz=-

55



COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

Overviewof researchactivities

*  Follow-up study (wrz, 2010-2014)
= Focus an the lab./field correlation
= Extensivetest program
< Selection of the most promising test procedures from WHT
« Selected aggregate’binder combinations [115 t2s1 sankes)
< Two figld exposure sites established

Main results

«  Summary results for different concrete recipes?
= MWO!
wr1: [dentical concrete composition jcem L weoss. Resultof modifying:
a Prism size 7 ar 100 mm)
a Specimen "pre-treatment” pnsl pre-curing)
= "ASRH storage conditions” (33%0°C, wapping or mat, )

045 —— In general for concretes with wb = 0.45: -
0.4 +— Hate and extentof alkali leaching iz controlling the ASR expansion —

035 __L__._.-—--""""_'_ "

Exposure time [weeks)

_ fl"‘""
L -
ot

56



COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

0,25 3.7
w
. 020 -
[Li]
o L]
& 0,15 S
w0 I.'
™ /-"
c L § o e T
% 0,10 " = - gz
C /“
1)
[
=
LLi
0,05 5‘
N _
0,00 .I | | -
2,00 2.25 2,50 2,75 3,00 3,25 3,50 375 4,00
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leaching |37 %)

Lower extent
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leaching |12 %}

= ! R = .
| Expansion 0.1E8 %| {Expansion 0.35 %)
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Main conclusions

«  Specimen pre-treatment”, "exposure conditions” and prism cross-section
dramaticallyinfluences the outcome of an ASR perfarmance test

« Alkali leaching the mostimportant source of "error”

- Early age alkali leaching of particular impertance - totaly controlz expansion at 80°C

= Urgent: Limit, compen=sate for, or preferably eliminate alkali leaching

« |nternal moisture state becomes ofimportance for more dense binders (lowwib)

L il
(¥ SINTEF sf. e

Main recommendations to RILEM

«  Remoaovethe wrapping procedure fromthe RILEM ASR aggregate testmethods
= Wrapping leads to high extent of alkalileaching in the earhy age
= |Immedistely sdopted by RILEM TC 215-ACS (fwo of e firee RILEM fest procedures windrawn In 2010}

«  Adopt the "Morwegian concept”for performance testing (wez1)
= Seversl applications [reasivily of aggregates, akall Tneshold for aggregates, oo, of "=l bindars”
a Focus on testing at 38°C (lack of comelation aaMeld for 6075 testing)
= |Imcreass the prism cross section [reduces e eden of 2kall leacning)
= Adopted in the draft RILEM performance test procedure (2012)

«  Avoid testing of low wib concretes

= Must secure access to sufficient water supphy during testing (2wl ™Eise negathe” 25t resulis)
= Adopted in the draft RILEM performance test procedure (2012)

+ MNewRILEM TC "AAA" on ASE (2014-2015)

= Morwsy have taken the leadership (chalr, secretary, leader of perormance sk group, .. )

L s
(¥ SINTEF sf. e
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Future research on ASR (based oncomn

»  ASH — Reliable conceptfor performance testing (BIAKEN, 2014-2018 185 MNOK)
a Focus on the lab./field comelation (structures, field egposune shes)
a Lead by SINTEF
o [Partners: Morcem, NTHU, owners, aggregates prodecers, internationsl collaborators
a  Imput to future regulstions (NE21, RILEM TC "AAAY)
= Also basis for ressarch on repair actions

. H
3 SINTEF sf

||E

Summary

» ASRH based innovation is feasible

*  Norwegian (COIN+) based research is well reputed and contributes
to the development of a sustainable performance concept on
international level

*  Research needs still exist, butwe believe that

Threshold items have been identified and are adequately dealt
with / are in the pipeline

HB 21 main principles are sound [but medifications due)

e —ad
9 SINTEF Sf' o
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COIN Seminar
2" and 3 December 2014

Focus area 3.2

Reliable design and prolongation of service life

Impact of concrete resistivity
on corrosion rate

Karla Hornbostel
NTNU

PhD project
Participants

Supervisors

Mette Geiker (NTNU - main)
Claus K. Larsen (SVV)
Bernhard Elsener (ETH)

Ueli Angst (ETH)
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PhD project
Background

Lavad of Datarlomtion
rs

ston puica @

Infiabcn Perod

P Time of Exposurs [a]

Condition can be Deteroration recognizable thaough non-
comipnehenced R SINUCTAY MR aSLITY mathcds.
Depassivaton of the fenloicement Initialicn Perod
Formatiors of cracks

Spalng of the concrele cover Propagation

(D Cotapse of the sructie thecugh Period
e Tadure of feducten of the ooss
sechion of the load beaning

PhD project
Background

ST, L, & &voen Lo (2004 Covoaor of 38 i covosis Waaritom, WRLET WOH

DODIN Firel Saminar 2 and 3 Decsmioer 7014
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PhD project
Background

Electrical resistivity

... Characterizes ion transport in concrete

PhD project
Objectives and approach

Identify and quantify parameters affecting the
relationship between corrosion rate and concrete

resistivity

Approach

* literature review — hypotheses
* lLaboratory testing

* Conclusions
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Literature Review

=
=

paanry condtion |

Correslon rate [pafem?|

1) [ : —_— S ———ee B
10 B 1000 10000
Resistivity [Cim]
I Homicad, CK Lence, MUE. Gals, Adaticeabip Boiweos corocic mumtaly eed conmaice mic - & lilowioe roacw,
Comerl Coroic Comp, 39 (2003) 8m72]

DODIN Firel Saminar 2 and 3 Decsmioer 7014

Hypotheses

Improved parameter
determination

—rrmres crrroew

* Corrosion rate

* Electrical resistivity

Improved understanding

* Rate limiting step

DODIN Firel Saminar 2 and 3 Decsmioer 7014
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Experimental setup

Simulating macrocell corrosion

Artificial anodes in a large network of cathodes

SH

=

[heerisncs Illll‘u]

OO0 Fresl Sesminr 2 ared S Desommiber 2014

Results 1

08 Pr ~ ‘c.:r:?-.:uu]:

a6 | L S No direct correlation
o4 i .
012, 3¢ 3TC s e ” |, between cell resistance
! f L] [ L]
0.0 1 : 4 and concrete resistivity
o 4 == ibworeiicsl L-fucior
Eqistion {4}

0.03 4 == Al - PC W)
: e B - PC waiCl

—#= Al-PCwiCl
27 4 == EI- P wil

== Al - FA wai]

== Rl - FAwal
0.0 —o= Al -FAwCl

mipe B2 - FA W]
0.0 - T

] 100 Ll MWy L]
Dravs after casting
I HomBcaid, W Anmi 5 oo, CE Lence, MLE Ooko (in prpemiics]]
DOIM Fresll Sermiresr 2 ared 2 (Decermiber 2014
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Results 1

DODIN Firel Saminar 2 and 3 Decsmioer 7014

Results 2 + 3

Corrosion process not
under resistance control

1) At conarml
[ 3 K
o Corrosion process is under
oL " anodic control
e
L Aegnd, 5 Haeeer, CE Leyee, @ veeeoleed, Chleadc imfoed mederement
rorraice: Rale mifSieg 13y of cedy piSieg comeanoe, Socieodtim Acts, 38 (20W1) 3377
- 1339.]
g li]

DODIN Firel Saminar 2 and 3 Decsmioer 7014
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Preliminary conclusion

Chloride induced reinforcement corrosion is under
anodic control

Corrosion rate not only dependent on bulk resistivity

... Improves Service Life prediction

Acknowledgements

Funding
* COIN
* SWW

* NTNU

Collaboration
* Colleaguesin ETH, COIN

OO0 Fresl Sesminr 2 ared S Desommiber 2014 14
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Ductility of Lightweight Aggregate
Concrete

Confinement Effects of Fibres

Jan Arve Gverli
Morwegian University of Science and Technology

W SINTEF B NTNU

FA 3 Technical performance

FA 3.3 Structural Performance

® High performance LWAC

® |ce abrasion

® Hybrid structures

® Ductility of LWAC structures

= A project initiated and in cooperation with KVE RNE R

(i sSINTEF BNTNU
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People:

®m Tore Myrland Jensen, SINTEF

® Helge Bra, SINTEF

® Gunnd Kjellmark, SINTEF

® Tore Arme Martius-Hammer, SINTEF
B Knut Lervik, SINTEF

B Jan Arve @verli, NTNU

® Ove Loraas, NTNU

B Steinar Seehuus, NTHU

® Goran Loraas, NTNU

M siNTEF B NTNU SFE'___—'«—

Lightweightaggregate concrete

® Advantages
® Reduced dead load
® Reduced inertia forces
® Easier handling and transportation
® |mproved durability properties and fire resistance
B Low thermal conductivity

®m Disadvantages
B Brttleness in compression
® Price

i SINTEF B NTNLU E'___—T—
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o= Morsk Olpmuessum

(Y SINTEF NTNU e

Photos: Morsk Oljemuessum

i SINTEF NT™NU
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Photos: Morsk Oljemussem

B siNnTer B NTNU 5f5'§.‘_—

Ductility

® Ductility is defined as individual structural members or
entire structures ability to sustain significant inelastic
deformations after peak load without a significant loss in
the capacity prior to failure.

m Of great importance in redistribution of forces and a
major consideration in design of structures subjected to
dynamic loading.

(3 SINTEF NTNU
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Bty rpes

Sladerial {aulal §
dimetillity

Credi-Rociied (EuFvaare)

&
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Alember {rotankes) a_

dutility e ™0

Strwctwre (divplecemsnt) oy
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¥ SINTEF MNTNI 5f. e
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i SINTEF NT™NU sf!'—'
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Motivation for project

m Increase ductility in lightweight aggregate structures

®m Focus on large structures, GBS offshore structures, LNG
terminals

m Flexural ductility in heavily reinforced cross-sections
m Effect of fibres and stirrups on the ductility

fsiNTEF B NTNU

Experimental program

® Four point bending of beams
m Configurations of confinement, two beams each

Test series 1
® Only LWAC
B Steel fibre
B Stirrups with spacing 100mm
B Stirrups + steel fibre
Test series 2
m Only LWAC
B Steel fibre 60mm
B Steel fibre 35mm
®m Basaltic fibre

(i sSINTEF BNTNU
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4200 i
L=3&00) f"-'liﬂl_‘:‘_
a=1 4] - LiL ] - a= 10 1 |

F Hl, (o |} _.r* P

ST .I..'h.:.r.:_.r__.f e
Fr=<iH1 ¥ -
25 350 25 With shear reinforcement
ol ¢l
=3 ali ¢ 100 2
Program 1 Program 2

(Y SINTEF NTNU e

Fibre-Reinforced Lightweight
Concrete

® Density ~1800 kg/m?

m Maximum size of lightweight aggregate 8mm (LECA)
m Compressive strength 30-40 MPa

m 1% fibre

i SINTEF NT™NU
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Fibre-Reinforced Lightweight
Concrete

40
30 +
- 29 1
£
L7

'Iﬂ':

Strain [rmm/m]

fsiNTEF B NTNU SFE'___—'«—

300 o=m- g
V745 \ <R TR, e —
250 1 / \ g =
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; 200
a
163; Beam 1A: Only LWAC
o /) N
= 150 4 ,l Se e Beam 1B: Only LWAC

Beam 2A: Fibre
- - Beam 2B: Fibre

,
100 Y/
K Beam 3A: Stirrups
// ----- Beam 3B: Stirrups
50 A y Beam 4A: Fibre + stirrups
————— Beam 4B: Fibre + stirrups
0 t t t t t t t t t t t t t d
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Displacement at mid span, A;4 [mm]

SINTEF @ NTNU Sin=—
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Concrete

Load-displacement,

1,15

1,1

1,05

P/PspaH

0,95

0,9

0,85

0,8

0,75

0,7

innovation
Trondheim 2 and 3 of December 2014

in Norway 2007-2014

Beam 1A:
Beam 1B:
Beam 2A:
Beam 2B:

Beam 3A

program 1

Only LWAC
Only LWAC
Fibre

Fibre

: Stirrups
: Stirrups
: Fibre + stirrups

: Fibre + stirrups

0,9

A/A

1,3

spall

1,4 1,5 1,6

SINTEF @ NTNU S

Load-displacement, program 2

120 -+ ——— Beam 1A: Only LWAC
r ------ Beam 1B: Only LWAC
i Beam 2A: 1 vol% Dramix 65/60
L NN e Beam 2B: 1 vol% Dramix 65/60
100 T Beam 3A: 1vol% Krampe Harex 35
/. T W U W \ SO N DL I LD Beam 3B: 1 vol% KrampeHarex 35
3 Beam 4A: 1vol% Basaltic fibre
g g0 | BNggee== Beam 4B: 1 vol% Basaltic fibre
= I
= L
b L y .
= 60 + /’ D
I y e
F x 0
40 + ~
20 +
0 t t t t t t t t i
0 5 10 15 20 25 30 35 40 45 50
Displacement at mid span, Arg [Mm]
n
sSINTEF @ NTNU Sfac=
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Failure mode

LWAC only

At peak load At end of loading

M sINTEF B NTNU -

Failure mode
Steel-fibre

At peak load At 90% of spalling load

(i sSINTEF BNTNU
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Stirrups

At peak load At 90% of spalling load

(U SINTEF B INTNU 5fi':__7_

Failure mode

Steel fibre+Stirrups

%
|
I
£

At peak load At 90% of spalling load

M SINTEF BNTNU
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Strain measurements
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fsiNTEF B NTNU

Strain distribution
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@ sINTEF @ NTNU Shine=
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Strain distribution
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Fibre + stirrup

SINTEF @ NTNU of e

Ductility

Load steps
b (Ls1-Ls10)

Load, P

ppeak B e

Pspal] _————————

0,9Pgart 4 _ T
1T
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SINTEF @ NTNU S
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Ductility

Beam: fz Sy Doy Mjgspan Do goad
Configuration (MPa) (mmj} (mm} (mm) A
14 Only LWAC 36.9 248 - - b
1B: Only LWALC 397 2519 - - L
24 Steel fibre 349 2349 305 ar.2 1.55
Z2B: Steel fibre 39.6 23.1 29.5 521 2.25
34 Shear links 3.5 245 26.0 26.3 1.48
3B: Shear links 33.5 239 28.8 39.5 1.66
44: Shear links +
27T 220 342 100.7 4 57
steelfibre
4B: Sh link
e 404 226 314 799 354
steelfibre

(3 SINTEF B NTNU sfite=—

Conclusions

B Considerably increased flexural ductility of the beams when
applying steel fibres and/or confinement reinforcement. Especially
the combination of fibre and confinement reinforcement experienced
a continuous response and the beams were able to maintain a high
load level after reaching the maximum load

B Mo significant influence of the different confinement configurations
on the response before initiation of spalling.

B The fibres introduce a softer transformation at spalling. There is no
drop in the load response.

U SINTEF BINTNU i
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FRESH CONC T
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Research with COIN & new initiatives
2015 onwards:

* Fresh concrete

*  PhD 2014:89 -Ya Peng on Stability
*  PhD ongoing - Rolands Cepuritis on Crushed aggregates and
rheology

* Concrete exposed to 1ce and frost

. Review, Kverner in Russia's Far East/Sea of Okhotsk
. NTNU concrete ice abrasion lab

* New project proposals sent Research Council

of Norway
*  Kvearner et al BIA Innovation DaCS — Durable advanced
Concrete Solutions (stage 2 sent 150c¢t14)
*+  NTNU et al BIA Kompetanse FLLOC — FL.Owing stable and
sustainable Concrete (stage 1 sent 19nov14)
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Stability: the ability to retain a uniform distribution

bleeding water on top

bleedihg"water | -
underaggregates.

a o

By Peng Y. Jan. 2014

Hydrostatic Pressure Measurements to study
Sedimentation of cement paste

Bleeding water /
surface laitance

Initial or variable
concentration

Final packing

Po cake / Sediment
all suspended sedimenting all settled
I =0 sedimentation  progress =2 >
Po = Psuspgh = {pp - @ + p(1 = @)}~ gh p = pgh

Particles supported by liquid at terminal velocity: p=p/gh < m/A = p/g. So at a
depth h with pressure p(t), initial particle flow J (kg/m?*s) = d/dt (in/A) = 1/g (dp/dt)

and in sediment p = pgh (hydrostatic pressure of water)
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CAPENGYA\PHD WORKN2-YA
| PAPERS\THESIS\presentation\materials\IMG_5280.)PG
%

Hydrostatic Pressure measurement: dp/dt and t

plateau

4500
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58
8 B8
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=]
+
=
.
1
1
}
1
/
i
/
=

=._]dp
2000 =
pigh
15000~ ——
M r
1000 :
500 : |
0 3600 7200 10800 | 14400
time [s] v
Uplateau

PhD by YP: sedimentation in various powder/admixture combinations

Ongoing YP: further development of method by studies of:

* bleeding (combined with light scanning mn turbid media)

+ aggregate particles sinking — higher plateau pressure than that of
water detected
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Rolands Cepuritis PhD characterizing fine
crushed aggregate particles and their
relation to rheology of fresh concrete:

[ININ@®

. «ground truth» vs industrial application of controlled particle size distributions,
specific surface, shape, mineralogy ete in crushed fines
. a little «pre-taster of his work at NIST on pCT:

(a). (b) VESD=7.24 um,
SA/VESD SA=1.083:

(). (d) VESD=3.80 um .
SA/VESD SA=1.592:

(e), (f) VESD=131.48 um,
SA/VESD SA=1.034;

(). (1) VESD=131.89,
SA/ VESD SA=1.625.

Figure 9; 3-D VRML images of selected crushed fine particles of basalt studied with
puCT scanning and spherical harmonic analysis

how can a soft material (ice)
abrade a hard material (concrete)?

Lab and field:
paste abrasion >
aggregate abrasion

Canadian
Confederation bridge

(MeGuinn et al 2007) NTNU Concrete Ice Abrasion lab
(Kirkhaug 2013, Greaker 2014 etc)

Concrete
—
wize—F
Concrete-Ice Abrasion Mechanics - .
(Jacobsen, Scherer, Schulson 2014) 'ce_b
i a—F
—
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DaCS DP3 Concrete Ice Abrasion

No. |Main activity, objectives and deliverables Participating partners

3 Main activity: Concrete ice abrasion resistance Kveerer, Mapeli,
NTNU, Smtef
Objectives/deliverables: To develop a test and
calculation model for the wear of concrete due to
abrading ice, investigate the effect of basic
parameters (material, exposure, roughness etc),
combined effect of abrasion and freeze/thaw
damage and the effect of repair systems on new and
damaged concrete.

DaCs DP2 From AEA to foam to protective
Air entrained sustainable  air voids
concrete

H,C,

Abiet acid

L-stoff
+ SP
+vann

* pulver adsorpsjon/

stabilisering/
skum

bt :“‘ -
Pastetaggregate
=betong
luftporer (hvitt)

Frostbestandig betong? 8
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DP  |Main activity, objectives and deliverables Participating

No. partners
2 Main activity: Frost resistant concrete tor Kvaerner
various purposes Norbetong,

Mapei,
Objectives/deliverables: Identify requirements | Statens

for frost durability for various purposes Vegvesen,
including air entrainment mechanisms and the (NTNU,
reciprocal effects of cracking and scaling in SINTEF

freeze/thaw performance testing

New BIA KMB proposal — FLOC — 3p stage 1 sent BIA-RCN 19nov14

NB! Please note that the outline may only be uploaded and submitted once.

Outline for Knowledge-building Project for Industry (the BTA

programme)

Working title of project FLOwing stable and sustainable Conerete (FLOC)
Applicant insfitution NINU

Website of applicant institution WWW Nune

Contact person for applicant institution | Stefan Jacobsen

Email address of contact person stefan. jacobsen@ntu.no
Telephone number of contact person | 97666987

1. Is the project of relevance for Research Council programmes other than the BIA
programme?
OX  We have looked for other relevant programmes. but did not find any.

m] We are uncertain whether the BIA programme is the correct programme and would like
an assessient. Relevant programme(s) may be:....

2. Have you submitted an outline to the BIA programme previously?
] Yes, with BIA outline number:

OX No

0 Don’t know

3. What is the objective of the Knowledge-building Project for Industry and what new
expertise is the project expected to lead to within Norwegian research groups? How will the
project be incorporated into the strategic plans of the applicant institution?

The goal of this project is to inerease knowledge and competence in the fields of particle packing
and chemical admixtures to control the stability and rheology of fresh cement-based materials. such
as Self-Compacting Concrete (SCC) and Fiber Remforced Self-Compacting Concrete (FRSCC)
The research aims to solve the scientific problems of optimizing particle size distribution,
dispersion, stability and rheology, with the goal of avoiding the quality preblems which are often
encountered with SCC. This will fulfill the needs of Norwegian conerete industry and society by
allowmg mdustrial use of SCC made with sustainable manufactured meral powders and non-
spherical (or irregularly shaped) particles, such as crushed aggregate and steel fibers Use of
crushed aggregate and fibers in concrete production will also conserve natural sand and gravel
resonrces and reduce cost of a significant part of the reinforcement work. SCC 1s one of the most
inmovative developments of the concrete industry due to its potential to reduce construction costs
facilitate placement, improve working envirenment and enbance surface quahty, However, the
amount of SCC cast in-situ in Norway has stagnated at a very low market share due to factors such
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3  Competitive constructions

Chairman: Ya Peng

15.00 — Introduction

Surface classification tool

Assessment of SCC stability — lab and field
—15.45

Klaartje De Weerdt
(SINTEF/NTNU)

Tone @stnor (SINTEF)

Tor Arne Martius-Hammer
(SINTEF) Sverre Smeplass
(Skanska)

Chairman: Gunrid Kjellmark

16.00 —  Fibre concrete guideline
16.45 "Pros and cons" and possibilities with
fibre reinforcement

16.45 -  Introduction

Utilisation of Local Low Grade
Manufactured Sand

Crushed sand, Manufactured sand and
"Engineered sand"

—17.30 Tranportation and Sustainability

Terje Kanstad (NTNU)

Bgrge J. Wigum (Norcem)
Sverre Smeplass (Skanska)
Rolands Cepuritis, PhD student

(Norcem/ NTNU)
Svein Willy Danielsen (SINTEF)

88



COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

I 'I"._-“ .i,:lullui
i T

COIN FA 2.1

Robust and highly flowable concrete
with controlled surface quality

Klaartje De Weerdt, NTNU/SINTEF

i

'ﬁr SINTEF De Wyeardl - O0OIN Closune Seminar -2 &3 Dec 2014

shie

SINTEF HTHU Veidekke
Tone Bstnor = Stefan.Jacobsen = ;
=  Tor Arne Martius- = YaPeng
Hammer = (Ove Loraas Statens Vegvesen
Kari Aarstad . = Ewa Rodum
= Kristin Kazperzen
Klaartje De Weerdt Horbetong ICI
= Knut Lervik = Britt Marstander = Jon Wallevik
Slig = Ernst Mertzell
= Frik External advisor
* Roger Horcem = OlafurWallevik
= Chris = Knut Kjellzen

3 = Rolands Cepuritis

Skanska

Mapei = Syerre Smeplass
= Espen Rudberg

i

'ﬁr SINTEF De Weerdl - COIN Closure Seminar -2 & 3 Dec 20
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1. Surface classification tool
Tone @stnor

2. Assessment of SCC stability — lab and field
Tor Ame Martius Hammer and Sverre Smeplass

Dl i Pt 3 1) 5204 ik
Ya Peng

Sedimentation and Bleeding
of Cement Paste

Bocioral ihesis
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Classification of Exposed
Concrete Surfaces

Kari Aarstad
Kristin Kaspersen*
Klaartje De Weerdt

Tone Qstnor

SINTEF Building and Infrastructure
*SINTEF Information and Communication Technology

sFi-=s..

| Motivation

What happens if you end up with a concrete surface with
an unaccepta\ble number and size of pores?

B Result in extra finishing costs and man hours

B Result in disagreements between the various parties

® Who is responsible? Ready-mix concrete producer? Contractor?
Architect?

® |n the worst case: Start all over again

Sfi==e
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Bygg Uten Grenser

B Their main focus is description
of concrete surfaces and how
to obtain them

B Our aim is to supplement this
work by offering an objective
classification tool and system.

Sli=ss

The need for a classification tool

M Be able to coordinate expectations on concrete surfaces
In advance

B A tool both for architects and contractors

B Get an objective measure of the amount and size of
pores

B Be an help in discussions between contractors, ready-mixed
concrete producers, architects and building owners

B |n future, make it easier to study how parameters affect
the in-situ cast concrete surface
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Proposed classification system*

P_ore ClassA ClassB ClassC ClassD ClassE Class0
diameter
[mm] Max. amount of pores per m?2
1-5 250 800 2500 5000

Project A
5-10 5 20 50 100 JECt require-

specific

ments

10-15 1 5 10 20

*Eide Behnsdalen, M. and Hegseth, |.: Klassifiseringsverktey for forskalte betongflater, master thesis 2009.

Examples of classified surfaces
200x200 mm

94

c semerfor
| E

@ SINTEF




COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

BetongGUI

B Objective and quantitative tool

B Image analysis programme based on Matlab for
analysing smooth concrete surfaces with regards to
pores

B For the photographic procedure normal commercially
available photo equipment is used

B The test area is about 60 x 60 cm and the scale is set
with a ruler

® User friendly

Set up

B Images are taken with
flash from left and right
angle (approx. 45°)

® The images are
combined by choosing
the darkest pixel for
each position. This
highlights the pores and
evens out the
background lighting.
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Image example

e e DRI

E . -a_fr:.s-.---ni- Mf-ann i | E o i f @

Flash from the left Flash from the right Combined image

Combined image with Pores found by
pores marked manually  BetongGUI

Combined image

@) SINTEF shict
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Measured on print (mm)
Measured by BetongGUI {mm)

Measured on wall (mm) Measured on wall (rmm)

* Compared manual measurement on wall, manual measurement on
paper and results from BetongGUI

= OQverall good correspondence between all three measurement
methods

1
.= semerfor
ST 17 fmmngsirent

C:\Users\camillao\AppData\Local\Microsoft\Windows\Tem
porary Internet Files\Content.Outlook\d BTIVKL forside.jpg

BETONG

D SINTEF
T obBSTE R SR E QR e
@ SINTEF
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Future

We now have a tool which allows objective quantification of
pores on the concrete surfaces

M |t gives a basis to establish the classification system

M It can be used in the description and evaluation of
surfaces
We depend on you!

m A beta-version of BetongGUI is available on request

B We wish to test BetongGUI on a wider range of concrete
surface qualities.

Ao
S17 imimngireat
=
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Goal: To find a method to assess stability of SCC which is
practical, reliable and representative for in situ stability problems

i) SINTEF S =—
E——

SCC - Stability assessment

[y
-

Requirements

2. Survey of test methods to find those with potential to fit the
requirements

3. Gain experience with them in lab

4. Test them against stability assessed in situ:

*  Stone confent alonga 10 m fong wall, at the top and bottom

»  One “stable™ concrete: 5F = 700 mm and one “unstable”
concrete, 5F = 740 mm

i) SINTEF 5F:"-"-—.—
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metheds

Seabils and bommogsnom woomte. Asremtes and pevts fowr towasts therimod
e sampls.

Stahis and hoemommnecs conaret s that floos el ot b haoems ashioy
wzfacs with poasdbls blad spon

s i tiomalhy 2 ot of 2 pastenimiat the coter adgeof the ypead, bt he
amprepanes Bl oot ba flow towvards ths adige, 36T stabia,

Clear s of ponte #f theonter eddge of the sprend. Comes apsressies tend nof fo
Hliomr torovasdhs this sdgeof thes pomad (e 1aft in themi ddls of the s

Al somal wapaotion of wates pate 2t the oot imof e s pread.

Coemplens sepansion
Settlement Pipe

Segregation, SP5I
Rheological .
Segregation, RST |

T-Box - penetration
index, PDT. and
volumetric index, VI

e
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Re=zults

Casting of wall element - Mix A

Langth ol wal [

Casting of wall element - Mix B

B
"
'

Re=zults

Length of wealll [ ] L gihh of wealll | ]

sfiz=
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Results
Concrete VsI® RSI SPS| T-Box
PDI Y
0.6 <0.5 = 0.88* = B mm = 25 4
A, SU=700, tsp; = 0.8 | 0:5/06 0.5 0.88 4.5 mm 4.7 %
B, SUST40, tso= 0.2 |OMIOEINNOONNINNOGEN -6 mm | 143

sfiz=

: o ¥ _."- 3 ;.\.; < ol
':'I :." Wl

Conclusion

Three methods seem to reflect segregation ina wall ina good way

The VSI-test is obviously the easiest and fastest one. also because
slumpflow is measured inmost cases anmyway. Person dependency?

The RSI-test is relatively easy and fast, but power supply is needed and
data has to be processed ina separate computer

The SPSI-test is the slowest and less easy one of the three, also because it
includes flushing. drying and weighing of the coarse aggregates. But, fairly
directly to the point: the difference in coarse aggregate content

Mote: Limited investigation: more concretes (with higher viscosity?) must be
tested

MNevertheless, the results show that these methods may be used to
specify and control stability, and thus form a basiz for revision of NB29

sfiz=
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e

- COIN FA 2.2: Ductile high tensile strength fibre
reinforced concrete

Terje Kanstad - Department of structural engineering, MTHLU

2 concrete guideline - "Pros and cons” ¢

3 SINTEF

Project Overview

ustrial partners: .
ekke, Unicon, Mapei, Morwegian public roads admin, Refo
2 COIN: Spenncon/Consolis, Thilt AS and Bekaert
vazrmer and VWeber 5t Gobain
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Time schedule COIN FA 2.2:

not over until it's over !!

Giedrius Zirgulis Ph.D
NB 38 for hearing defence March 1st 2015

3 SINTEF

3ing PhD-studies: Giedrius Zirgulis

Main topics

-Quantification of fibre orientation in structural ele
CT and image analysis of sawn and polished se
-Influence of geometry, casting method, mould

structure, and reinforcement on fibre one

3 SINTEF
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going PhD-studies: Elena Vidal Sarmiento

Main Topics

-Quantification of fibre orientation and fibre volu
variations

-Structural analysis (Monlinear finite element
lu:lucilg the effects of fibre miahm :

it =w;(cosf) + w, (;?)

M SINTEF

Fibre types:

R

i :-. ihms with hooked ends, ordinary / high
- — L=35-60mm several suppliers
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ditional fibre concrete for slabs on grade
ayed concrete:

40kg steelfibres per m* concrete (0.5 volum%)*
Jkg polymerfibres per m® concrete (1,0 volum%)*
g Minibars per m® concrete (0.6 volum%)*

3 SINTEF

tis fibre concreteand how does the fibre

3 SINTEF
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W‘Ihe fibre concretes materials properties can be
characterized by various test methods: '

Slab test according to

residual tensile strength

. NS-EN 14651

— 1% 5F%

[
i
T
|
1
1
L]
|
i

L%

CMob,=  €MODy»  CHODy  CMOBys
0Smm LS Ly WFmm

M SIMTEF
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design-parametres are taken 1
pm the beam test ] "E
| I'a- H
o e
o 3Pl = ,
: wdz.ﬁmmnm-dde:f,_?:m

2 step towards the vision of a 15MPa tensile stre
rete

ete delivered by Unicon with 1 vol% 60mm steelfibres (80
concrete recipe 1s modified by removing parts of the course
ate (ekt finstoffmengde) (PhD-candidate Giedrius =

£
=
E
z
E
:

Crackwidth (CMOD) (mmy

M SIMTEF
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tsofar.... wpb=035 2vol% Steelfibres

—fnncimen I
o EASG 1% Dmenia 65,80 30

2

e
w

=

Flexural tensile stress [MPa]
W

(=]
(=]

elopment of national and international
lations
betongforeningspublikasjoner relatert til
2rt betong:

3 SINTEF
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| 38 Use of fibre reinforcement in load carrying
rete structures: Guidelines for design, execution

W Overview over standardizaton work

Morwegian arena International arena

Forslag til retningslinjer Fib Model Code ble ferdigstitti 2011
ing, utferelse og kontroll ay  tryktutgavei 2013,
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mittee work Drganized within NB
ed on a COIN-report (2011) but is rewritten to be similar tc

2d concrete publication (NB7T)
acification (Spesifikasjon)

3 SINTEF

lic ity range:
uctures with hardening..

Crackwidth control according to
EC2 7.3.4 when required for

3 SINTEF
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s

'Experience with structural elements

yment capacity of beams with fibres+bars

/

Fibres contribution

Moment [kNm)
coB88588388

1ES 2E.5 3E-5
Curvature [mm]

3 SINTEF

nimum reinforcement (Chap 9i EC2)

ha en minste armeringsmengde pé strekksiden :

min = 0.26 fn;_fh . b,d 2 0.0013 - (1 -
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nimum reinforcement (Chapter 9 i EC.

M SINTEF

Moment capacity

T

sedl SV fx

-
Syl iB fadanar s

-
3-"'-{1_|r|J

Twemsnin Tevuaisger Spenaimger Lizdloe keedies

Figur 6.2: Spenmings- og rovongsfordeling for reknanguleen rverssout av anment fiberbetong
utsatt for ren boyning, Betongens bruddioyning for trvkk, eouw er gitt i tabell 3.1 1 Eurocode 2.

Mgra= Sr(0,5h+0,1x) +S,(d-0,4x)
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\ddition rule for bending and axial forces

For structural members exposed to moments and/or axial
forces where a structural collapse can lead to loss of human
life, or is of major social or economic importance

shall it in addition be verified that bending moments and the
axial tensile forces can be carried by the cross section without
contribution from the fibre reinforcement.

In this control all load and material coefficients shall be set
equal to 1,0, and the combination factors y,;(Table A1.1 EN
1990) be used for the accompanying variable actions.

3 SINTEF

the specification part.

he specification to the concrete producer shall at least include:

- Strength clazs (Fasthetsklazze)
- Durabilty clazs (Bestandighetsklazze)
- Re=idual strength class (Reststrekkfasthetzklasse)
- - Max aggregate class (Maksimal tilslagssterrelse) D ..

be declared according to the following materials

3 SINTEF
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=xural tensile strength (restbeyestrekkfastheten)
t with the current concrete, mixing and transport

Test program for concrete producers

te producers shall verifify the residual flexural tensile
1. Scope and procedures are proposed: 4

* Frmmuﬂil B30 MED

W Proveresultat B4a5 MaD

stalfiberinnhold (kg/m3)
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rol and dokumentation of execution:

isik evaluation regarding stability for the concrete deliverie:
zasting works shall be carred out by the contarctor.
safety reasons extremely important that fibre-conti
aks which might give (separate) layers s
actors responsibility.

Tnarances oo M

Design-parameters & methods

residual tensile strength=0 37xResidual flexural
fﬁm,z,j =0.37 fp;

ons for moment capacity
axial force

(% SINTEF
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Typical applications:

oundations

3 SINTEF

ign, testing and evaluation of a fullscale post-
sioned steelfibre reinforced flat slab
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Objectives

use of fibres in load carrying structures
ian proposal for fibre concrete

City

M SIMTEF

Tendon layoutand slab geometry
150 mm? tendons

B | 1erddng,
[+ 2. 5 bl v ]

el == R R AR RRRE ==

BR00

L
F=3
r

Figure 50: Tendon lavout in x-direction.

M SIMTEF
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Testresults: Deflectionsin both slabs

B e

013

Same beﬁauin-ur IiIi 8.5 Emez

40 50 B0 0o B0 ] 100
Deflection [mm]

3 SINTEF

sSummaryand conclusions

: are considerably at the safe side if characteristic
and elastic theory for calculation of moment and shear fc
2d — This holds independently of which guidelines are

3 SINTEF
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Structural fibre-reinforced concrete - Tests and design m
or RC beams with dapped ends and RC beams with np&nmgs
arried out in cooperation with Spenncon

Dapped end beams (

Splitung ~hlaln alb roisforment

evlnfisorinril

Bruas sleas srinfigorinnl
]

r

% /

T

1

|
I
|
|
|
I
|
|
| [hram flewcural relnforooment
|

1
e Hanpr winkrrmeni
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Load-deflection curves

= wib=0,35, 2vol% Steel fibres

-

Applicd land P (k)

1 {only o)
—Hman 3 (maan mib + fibees)
_|=Heman I {maan pab and hanger)
e liasn 4 (Enadn Bib and hanger 4+ Bl
—lkeman & (barge main nib sxed hisagger
large madn nib snd o 4 libies

] B
Deflection at boaded section (mimn)

3 SINTEF

Conclusions

proposed calculation model agrees well with expen

3 SINTEF
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RC beams with openings

and the possible benefit of fibres

j.'l
LUHMN 1500

e o O C

o | m | oo |

Test wariables

Summary beams with openings

been shown that the shear reinforceme
of the openings can be replaced by 1.C

{3 SINTEF
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al comment

Y SINTEF
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COIN — Concrete Innovation Center
Concrete innovation in Norway 2007- 2014

December 2™ &34, 2014

Realfagsbymzet, Auditoriom RS, NTHU Hegskolering=n 5, Trondheim

COINFA 2.3
High quality manufactured sand for concrete

Berge ] Wigum —Norcem NTHU

NORCEM

HEINELRERG | MM T D

.....

The outcome; 2008- 2014

COIN Fs 2.3

High quality manufactured sand for concrete:

New aggregate processing methods (crushing and classification)
- along with new sophisticated ways of concrete mix design -
have enabled the production of various types of concrete

containing 100% crushed aggregates.

These innovative new processes and products provide a better
utilization of natural resources; reducing transportation and
environmental impacts, and lead to improved sustainability in
the building sector.

{¥% NORCEM

am 1 - 1134
Ten® ldrge o afarem Siga— HEIDELRERSG | &M Groag
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o Why manufactured sand ? % NORCEM

HEIDELRERSG | &M Groag

o Natural resources are depleting ﬁ NORCEM

HEIDELRERSG | &M Groag
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Transportation of aggregates in Norway (2012); 110.000tonn CO4

» 1.1%of alltransport
= 10% of cement

HEIDELRERSG | &M Groag

I Increased transportation % NORCEM

Manufactured sand
Utilisation and Innovation - both by low- and high quality

—— % NORCEM

HEIDELRERSG T § A& M Groag
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LE-SE - 1T
L7-00- 1710
ITl=1700

Ly - 170

Workshops

Tl T~ Sl 373072

v i e

This session

Introduction & Background - Bgrgefohannes Wigum

Utilisation of Local Low Grade Manufactured Sand - Sverre Smepigss

Crushed sand, Manufactured sand & «Engineered sand» - RolandsCepuritis

Transportation and Sustainability - Svein Willy Danielsen

NORCEM

HEIDELRERSG | &M Groag

-

Manufactured sand—Workshop; Stavanger,
Morway, October 30" and 31% 2008

NORCEM

HEIDELRERSG | &M Groag
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Mordic Concrete Rheology Workshop &
Mordic SCC MNet Meeting, 3-4 October
2011, Trondheim

BTN § s

HEIDELRERSG | &M Groag

R % NORCEM

Manufactured sand—Seminar, Stavanger,
Morway, October 202 and 21* 2014

R % NORCEM

HEIDELRERSG | &M Groag
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STAR Reports

Sl 11 = Sl 171072

Trat g el g . e

t NORCEM

N— * NORCEM

" W ol Vg . e

131



COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

Practical cases

NORCEM

HEIDELRERSG T § A& M Groag

Ml 10 = Dl 17
Tea® g calarem

T e
TN ey i ql::.:'m:'.'”! Foud biracians
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N s NORCEM

HEIDELRERSG | &M Groag

Ten® ldrge afamem
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NEW Fype of
crushed

nacural sang
I comerge:
Prodictan,

1
[
)
jm R
]
o
2
Q
=
1
2
18]
-
e
|
Qo
" —
Q
=
i
[
-

Sl 10 = Dl 171002
Tea” Ndrge ol ar s Ve

NORCEM

HEIDELRERSG | &M Groag

R C g

Efec
J e of Concent aggragas

G
j # Congrety ind H.".n.d i

Theses

@NTNU

i w
Ml 10~ Dl 171002

Fral idrge sl Wigrms HEINELRERGTE AN M Grouy

133



COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

Manufactured Sand in Concrete
Sustainable & Durable Structures for the Future!
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Veernes Airport Commuter Terminal
concrete slabs:

The use of faw gr'ade

SKANSKA

Veernes Airport Commuter Terminal
- concrete slabs

28800 m? slabs, 350 mm thick
10000 m3 concrete

Mon-reactive aggregates
Low-alkali binder or CEM I1/A-V
High flexural strength requirement
Frost resistance

L L U U

Problem: local crushed rock and local natural
sand are both alkali reactive’

'-f.‘_!_— [p—
i SINTEF 5ﬁ =
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SKANSKA

Solution developed in cooperation
between Skanska and Norbeteng

* Mon- reactive crushed rock from Mord-Fosen

* Combined sand
* 60 % non-reactive manufactured sand from Mord-Fosen
* 40 % reactive local natural sand

CEM II/A-V binder
“Normal” binder content
Relatively high dosage of 5P
#*  Slightly retarded concrete

#» Prolonged mixing fime

L

e

SKANSKA

Manufactured sand from Nord-Fesen

» Low grade - no processing after crushing
» High content of fines, 11% < 0,125 mm

e
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SKANSKA

Slab production

Bidwell paver

Slump measure 220 mm

Placing of concrete in front of paver by concrete pump
Brushed finish

Extensive use of curing membrane

bR R B B

Challenge: Very viscous concrete. Normal slump for this
production process is approx. 140 mm

sFre-
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il

“" 4 iﬁ-_- n,
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— o
e —

SKANSKA
Results and conclusion
» High gquality slabs
» Moseparationor segregation
#*  Superbwear properties
» High flexural strength
» Acceptable variation in fresh and hardened
concrete properties
* Low grade manufactured sand can be used
successfully for special purposes
» Production must be adapted fo "deviating”
concrete properties
0¥ SINTEF sﬁ‘:_-—‘:—
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NTNU
Morwegian Universiiy of
Science amnd Technology
o v [ P

Crushed sand, Manufactured sand & “Engineered sand”

WV MDD N O

NORCEM
S0 — Coomenads moselon Carpar, Conmeds Innowetion In Morwasy 2007- D4 Tmondheln Mo Deosmher = sy

- HEIDELRERGTE A M Croig
" ERiands Coouris

|| Chapter 9 — Concrete aggregates

m Both in the PAST and TODAY itis
MOST COMMON to use sand
aggregates from NATURAL gravel

deposits | ...]

®= In more recent years, it has also
become common with partial mix of
sand produced from CRUSHED
ROCKS (the so so-called “CRUSHED
SAND/ MACHINE SAND” [...]

a2 -cszne NORCEM
Faalirch Cdguiis

HEIDELRERG | AWM T Groap
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B Using “crushed sand” ...

... without a “PRESCRIPTION” from a DOCTOR: . T
¢ Crushed sand ')_
st

——— e -
- e

NORCEM

HEIELRERG 1 M M Grcag

B Types of "crush sand"
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B Types of "crush sand"

BFm- = Lo mmqm P Crushedi Manufactiired sand

e AR greg;

| FINES OPTIMIZATION

| MICROPROPORTIONIG
t-- ‘l —————————— Y

a5 -psame . : NORCEM
Faalirch Cdguiis

HEIDELRERG | AWM T Groap

Concrete Ready Sand

B ENGINEERED SAND - TOOLBOX

.

NORCEM

Fsiseca Daguri
1 1 100 500 HEIDELBERGEAMT ooty
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B ENGINEERED SAND - HOW TO

New type of
crushed sand
to replace
natural sand
in concrete
production

NORCEM

HEIELRERG 1 M M Grcag

Fshircit Caguria
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COIN — Concrete Innovation Center

COINFA23

High quality manufactured sand for concrete

Transportation and sustainability

Swvein Willy Danielsen
SIMNTEF

We can estimate that close to 80% of the
sand/gravel ever taken out of the nature,
has been consumed in our generation.

How do we continue from there?
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Access to-materials resSources
will be oneof the major
come

(Prof. Roger Flanagan UK)

|

Some international key figures

* Global demand for aggregates is some 15 billion tons/year

* Expected to increase to 22 billion, where China alone will
account for some 6 billion

* European aggregate industry produced =32 billion tons in 2005,
at a value of =40 billion €
— 47 % sand/gravel, 45 % crushed hard rock

— The remaining partwas recycled and artificial materials
— Production took place in 28.000 quarries

* European concrete production is almost 600 mill m2, and uses
approx 1,2 billion tons of aggregates per year

:...-:-.'4—:.- 1™ 14 %
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% distribution for some countries

% Crushed Recycled Of European | Of Eur. no. of
total prod. quarries
MNorway a3 =1 3.2 16
Sweden i 10 3.1 6.5
Metherlands 0 42 1.6 0,7
Germany 48 9 20 11
UK 62 20 6,8 4.6
France a7 2.5 15 9.5
Spain 71 <1 7.5 6.8
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Transport and emissions — Norway

Transport Domestic market, Million K'tnnn
million tonnes tonne - km

Car, crushed rock

Car, sand/gravel 11 233 30
Ship, domestic 11 2000 30
TOTAL, domestic 56 2850 140

Inaddition: 22 million tonnes for export and off-shore

Sources: NGL and Odd Hotwedt

NORWEGIAN AGGREGATE EXPORTED IN 2011

Tota produ0ion Eipon 21 sl Weres BEPHM, KTt
horst, b . et 10l R0 BRI Pl CMAOIE S

-Ww:ﬂﬂ re——— T ) ”' ar ¥
Al 811 Sl T f r-
Enpiet vaim 1000 . i LR

e e oy g =l e NEu
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A v e 4
Anyencreach upor natare should
be justified by increased values for
the society, both relating to the
products made and to the area left
for later use.

FUNE B ASFALT

Eversiiudut:ismasser
skal bli kortreist stein
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Local production — less transport—less emissions

Tunnels Sub-surface

quarrying

MASS BALANCE
Excavations

Less predictable rock
properties

Sustainability concept

Reqguirements

N veLoE

7 Eh-\}iﬁOHﬁﬁentéliy friend A
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BN

BAC

Processing User technology Sustainability
-Inventory and -Mineral
planning resources
-Quarrying and ﬁ ﬁ -Land-use
production -Mass balance
-Usein -Energy
construction -Emissions
ate technolo
-Reclamation Aggreg dd
Geology Praduction
LCC/ LCA
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4  Environmental friendly concrete structures

Chairman: Serina Ng

09.10- Fly ash-limestone synergy Klaartje De Weerdt (SINTEF/NTNU)
Knut O. Kjellsen (Norcem)
Accelerators for fly ash cement Klaartje De Weerdt (SINTEF/NTNU)
Espen Rudberg (Mapei)
Calcined clay Klaartje De Weerdt (SINTEF/NTNU)
Calcined marl Klaartje De Weerdt (SINTEF/NTNU)
Geir Norden (Saint-Gobain Weber)
—09.55 Plasticizers for SCMs Klaartje De Weerdt (SINTEF/NTNU)
09.55 - Concrete and Passive House Olafur Wallevik (SINTEF)
ZEB-concrete and LCA Kristin Holthe (Byggutengrenser)

—10.35 Insulating concrete Olafur Wallevik (SINTEF)
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COIN FA 1.1

Binders with low emission and
reduced resource consumption

Klaartje De Weerdt, NTNU/SINTEF

(Y SINTEF Cee veandl - COIN Closune Seminar -2 & 3 Dec 2014

"COIN proposal

COIN - Cancrete Innowation Centre

Reduced COz emissions
High tensile strength

High flowability and stability
Low permeability

SN T [ N Qe §

i) SINTEF
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FA 1.1 objective (COIN application)

B The overall goal:
To identify and document general purpose cementing materials that

will decrease COz-emissions by at least 30% compared to an
average Portland cement clinker (about 900 kg COz per ton).

B A sublime idea from the project leader:
Combining fly ash or blast furnace slag (aluminate rich) with
limestone filler to form a ternary blend.
This would lead to a larger fraction of the imestone reacting to
calcium carboaluminate hydrate, CagAl20g-CaCO4-11H20,
which might result in a strength increase.

L

(Y SINTEF Ce Weandt - COIN Closune Seminar -2 & 3 Dec 2014

shie

Content

1. Fly ash—limestone synergy (PhD Klaartje De Weerdt)
= Knut O. Kjellsen, Norcem

Accelerators for fly ash cement (PhD Kien Dinh Hoang)
+ further work (Harald Justnes)
- Espen Rudberg, Mapei

Pl

Lad

Calcined clay (PhD Tobias Danner)

4. Calcined marl (Tone @stnor)
2 Geir Norden, Saint Gobain Weber

LM

Plasticizers for SCMs (Serina Ng)

(Y SINTEF Ce Weandt - COIN Closune Seminar -2 & 3 Dec 2014
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Content
1. Fly ash-limestone synergy (Klaartje De Weerdt)
= Knut O. Kjellsen, Norcem
2
4
i) SINTEF D Weerdt - COIN Closure Seminar -2 & 3 Dec 2014 5f ,'E_

Fly ash — limestone synergy

«Blended Cement with Reduced CO, Emission
— Utilizing the Fly Ash-Limestone Synergy”

» Higher strength for cement with fly ash+limestone
than clinker replacement with fly ash alone.

« Fly ash contnbutes with more aluminates
when combined with limestone:

- calcium carboaluminate hydrates + (proposal)

- stabilizes ettringite (voluminous) - i
; Dr. Klaartje De Weerdt
- lower porosity | MTHU thesis 2011:32

= higher strength °

(Y SINTEF Cee veandl - COIN Closune Seminar -2 & 3 Dec 2014
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0 r...::' h
N

Fly ash - limestone synergy

ﬁ_ 28 days strength
strength increase 45 |
replacing 41 |9%
5% FA with L an |

28

I7

m.

35.

34.

2 & 2 @
AR T IE I - AN
35% FA % fly ash / lime stone powder 35% L

all mixes 33% cement replacement

(4 SINTEF

Fly ash - limestone synergy

ﬁackscait?r electron fmage

Limestone
| particle

* - Reaction rim

(4 SINTEF
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Fly ash — limestone synergy

Norcem experience
Knut O. Kjellsen, R&D Manager, Norcem

i) SINTEF

Fly ash — limestone synergy

® Hypothesis by Harald Justnes (SINTEF):

Fly-ash + limestone == chemical reaction

® The ‘fly ash — limestone synergy’ aclivity was very
successful:
m Scientific idea
m Excellent researchers
m Scientific work within the frame of the Cement Standard

(Y SINTEF Cee veandl - COIN Closune Seminar -2 & 3 Dec 2014
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Fly ash - limestone synergy

m MNorcem product development project
m Fly ash - imestone synergy effect’ forms an important
technical basis for a new cement product

Fr O

r} SINTEF De Weerdt - COIN Closure Semirar -2 & 3 Dec 2014

Content

2. Accelerators for fly ash cement (Kien Dinh Hoang)
+ further work (Harald Justnes)
- Espen Rudberg, Mapei

Lad

=Y

LM

Fr i

r} SINTEF De Weerdt - COIN Closure Semirar -2 & 3 Dec 2014

sfi==—

Sf:'

——
)
f—
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Accelerators for fly ash cement

“Hardening Accelerator for Fly Ash Blended Cement”

= Fly ash is much slower reacting than cement
- finding a good hardening accelerator

« Kien found a ternary hardening accelerator
for cement with 30% fly ash

fulfilling EMN 934-2: ﬁ/
+ =120% compr. strength at 24 h and 20°C ‘T !F.-"\ j\
« =130% compr. strength compared 48 hand 5°C Dr. Kien Dinh Hoang
« strength =90% at 28 d for both MTHLU thesis 2012:366
""b SIMNTEF De WWeen® - COIN Closure Semirar -2 & 3 Dec 2014 5fE'-'_,_
Accelerators for fly ash cement
BOPCFA
111 XYZ-accelerator was patented by MAPEI 1l wopc.rarxyvz )
N
] s 20°C +11%
s +14%
§ a0 [
: 2
: " |
z +30%
1] 20 4
i +62% P
8 10 —*

2 days 2B days Lday 2R days

i) SINTEF
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.....

Further accelerator development

MAPEI wished to replace the «Z» in the XYZ-formulation
ref. COIN repaort nov 2014

1=
£

W reterence

compressive strength [MPa)

Mapei experience
Espen Rudberg
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Product development at Mapei

B Mew accelerator tested in M45 and M&0 concrete at low
temperature and room temperature (also for other cements)

B This work has given ideas for new products (also in other business

areas)
Concrete B30 M50 MNorcem StdFA, 5C Concrete B33 M43 Norcem 5td FA, SC
120 120
100 100
MPa ** &
nEa = Rt
&0 1550 e
azm 1Y
40 L0
0 =
o0 - _— - o0
12 1Y e 2
Hours
(9 SINTEF De Weandl - DOIN Clogure Seminar -2 & 3 Dec 2014 5f R

1
i
i
3. Calcined clay (Tobias Danner)
A
h
i) SINTEF D 'Weendl - COIN Closure Semimar -2 &3 T 5f e
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Calcined clay as SCM

“Reactivity of Calcined Clays”

[

':'1,, SINTEF De Wyeardl - O0OIN Closune Seminar -2 &3 Dec 2014

Fly ash is slowly reacting
Meed to look for alternative supplementary
cementing materals (SCMs)

A COIN State-of-the-Art report concluded
that calcined clays could be promising

Initial tests of calcined "ordinary blue clay”
dug out of the ground were so interesting
that partner Saint Gobain Weber financed a O T T e

SuppmEn ey NTNU thesis 2013:218

i

shie

Content

Pl

Lad

4

LM

':'1,, SINTEF De Wyeardl - O0OIN Closune Seminar -2 &3 Dec 2014

Calcined marl (Tone @stnor)
2 Geir Norden, Saint Gobain Weber

i
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= Marl is a clay containing some calcium
carbonate making it unsuitable for expanded
clay products

= Large and unexploited resource

Tane A. Gstnor
done sufficient work on
marl towarrant a PhD_.

(Y SINTEF Cee veandl - COIN Closune Seminar -2 & 3 Dec 2014

R
- FC)
1 =20l

i f\-.'13'_-: |
M50

Compressive strength [MPa]

|
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1 10 Wl TS
L L, (T,

tirme [days)

'-'1- SINTEF D Weeandl - CDIN Closure Seminar -2 &3 D
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Calcined marl (CM) as SCM

(4 SINTEF

(4 SINTEF

Chloride content [% mortar mass]

14

12

1

0.8

0.6

0.4

0.2

Trondheim 2 and 3 of December 2014

\ —0QPrC [
— M20 T} Improved
\ﬁ\\ M35 chloride
: resistancell
o
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Calcined marl (CM) as SCM

Conclusion: Calcined marl is an effective pozzolan

T Good compressive strength at both 1 and 28 days, even for 50 %
cement replacement; Strength continues to increase to 2 year

+ Chloride ingress significantly decreased up to 50% marl

= Carbonation rate increase with increased cement replacement as
for most blended cements.

'.'1.. SINTEF De Wyeand - DOIN Closure Semimar -2 &3 Dec 2014 5.f E‘ et
]

Calcined clay and marl as SCM

Saint Gobain Weber experience
Geir Norden

(Y SINTEF Cee veandl - COIN Closune Seminar -2 & 3 Dec 2014

164



COIN - Concrete innovation in Norway 2007-2014
Closure seminar - Trondheim 2 and 3 of December 2014

1
i
i
3
A
5. Plasticizers for SCMs (Serina Ng)
(4 SINTEF D Weardi - COIN Closure Samiar - 2 &5 Dec 2014 5f e

[

[

-

(Y SINTEF Ce Weandt - COIN Closune Seminar -2 & 3 Dec 2014

Plasticizers for SCMs

SCMs will affect the workability of mortar and
paste

The actiity focused on finding the best
plasticizer for mortar with SCM such as fly ash
(FA) and calcined marl (CM) as two extremes
in terms of water demand

A range of plasticizers were tested:
lignosulphonate and naphthalene based
plasticizers were compared with 3 modemn
polycarboxylate super-plasticizers

DOr. Serina™g
employed SINTEF
sinceJan 2013
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Cement replaced by FA and CM

a0 - =5
. &0 M - & = MNSF
< .
E v / -N-
E 40 I i 5 ‘ o
- ok TO a
= 304 ° m
3 o
E 3 N FA,
E _J .-=‘-‘:'-_L-\I‘.-...'
: M L
i T__" W e e it
0 4 s e o==--=-4
a 20 40 60

i) SINTEF

Harald Justnes

De WWeend - CO

) SINTEF

W Closure Semimar -2 & 3 Dec 2014

Different SPs (LS, NSF, SX) 0.2% for
different FA and CM replacement

= More FA - lower flow resistance

- More CM - higher flow resistance
SPs could not plasticize =40%CM

Hypothesis:
- FAinteracts little with SP
- CM interacts strongly with SP

p—
B S—
e

"Nobody knows where the
rabbit jumps" as we say in
MNorway, without further
comparison.... @
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Utilisation of concrete in
low energy building
concepts

— Industry initiatives and
perspectives

Concrete innovation in Norway 2007- 2014
December3, 2014 in Trondheim
Kristin Holthe, Multiconsult / Coordinator CEAP

multiconsult. o
LDHSOMSARIT, NeD

Low energy / Zero Emission
Buildings challenge the
materials

* GHG emissions of production

* GHG emissions over the whole

life cycle: Production -
Building use phase —End of life

* Environmental documentation

*The concrete industry is
working on several areas

Foto: Kristin HodtheTiuoon=ult
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Production of ceM

Thetndustry is works on 5werafateaﬁ trﬁ-{iucem‘p a
Green House Gas Emigsions:
Cement

Addltwes use Dfﬂ",-fﬂﬁh and slag, increased use of

“Fueland Carbon Capture Storage

WSE0f e.g. flyash and optimizethe recipie
Low carbon classification systemy/ CaomittegninThe
Norwegian Concrete Association (Norsk betongforening)

multiconsult. no

Low carbon cement

environmental cement

low carbon concrete

environmental concrete

green conerete
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Environmental documentation
of concrete

* EPD-generator: 3. paris
verified environmental
documentation according to
international agreed —
standards ool

!
i

r
I
1

il |

* The industry itself may
develop EPDs for own
products

() Bstfaldforskning .
rd3e0

Betongelementioreninoen "W

' Concrete in buildings
- Use phase

* Potential for in
concrete constructions, both
during use and concrete
recycling

d in buildings
and its potential for
contributing to reduction in
energy use, and thus GHG
emissions.

* Solutions that combine

in buildings
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' Thermal mass

o SN R Rl Pl

* T-BOX concept - increased knowledge of usage of thermal mass
in concrete structures

* Developed by the Norwegian
Precast Concrete Federation
in cooperation with their
members prior to CEAP

* Under the CEAP, the concept
was further developed to
meet future regulatory
requirements for energy
performance

mutticonsult . o
LFDRSOMSARIT, NeD

Energy efficiency of buildings | Storage of thermal mass

B Rt BELEKR B sTRAND

Mori bebonglonening - Lheidegpdond

— - W g

B B BT R R R ]

] b= e g

marmpmomeg 1d vmn
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' Link to COIN

* The cooperation between Concrete Innovation Centre (COIN)
and the CEAP started in late 2013:

— Collate current results from pilot buildings and assess the need
for further work

— Collate experiences from LCA and greenhouse gas assessments
of pilot buildings and identify methodological challenges for
future work

* The cooperation has resulted ine.g. a which
involved both themes, where state-of-the art solutions on both
themes were given and resulting in spin-off ideas for further

RE&D projects.

multiconsult. o

' Thermal Mass | Future needs for R&D

* Some results exits, on use of thermal mass / use of concrete
(pilot buildings)

* Future needs regarding thermal mass:
— Bring forward lessons learned from pilot projects and

use of energy calculation tools

» Calculations results on kWh, GHG emissions, costs for different design
solutions

— Establish for how to further
exploit thermal mass

— Establish for design for optimal use of thermal mass
[ also based on pilot experiences
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multiconsult. no

' The Concrete Environmental Action Plan (CEAP)
2012-2015

* Why and who
— Create a new arena for
cooperative approach to
common challenges

— Main organizations with
long traditions in o El'ﬂﬁﬂfﬂiﬂm'nu'g‘wizatiuns

developing new knowledge
about concrete for a large - - \

number of members

CEAP interacts and coordinates with
several all ready ongoing projects —

multiconsult. no

' Goal/vision of the CEAP

* Agreed goals, priorities and actions will give the concrete
industry a high awareness of the environmental performance
of its final products and of the production phase of these.

* By promoting existing initiatives and projects, as well as
establishing a specific amount of new research and development
projects (R&D projects), CEAP's goal are to be achieved through:

— Building on existing knowledge
— Contribute to new knowledge

— Implement plans and results
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multiconsult . o
LDHRSOMeSARIT, e

' Financing organizations and industry own efforts

-
The CEAP is financed by FA3E(0

* The Norwegian Ready Mixed Concrete organization

* The Norwegian Concrete Association, NCA N
* The Norwegian Precast Concrete Federation

Betongelement e noen
* Brilliant Building OO byggutengrenser.no wweber
HUR- (06 DETOMGRERARSIES | MOEGE - et

* Allows a project coordinator to contribute to overview and
create arenas for synergies and initiate and conduct projects

* Important - industry own effort (hours) and financing own
specific projects and activities under the CEAP (in addition)

Information to be found here: wanw.miplan.no
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5 The road towards new concrete research and innovation

10.50-11.50  Panel debate — concrete innovation and dissemination
Kjell Skjeggerud (Norcem), Jan Eldegard (Byggutengrenser), Elisabeth
Schjolberg (Multiconsult), Anders Sjaastad (Yngres Betongnettverk) and
Tor Arne Martius-Hammer, introducer (SINTEF)

Moderator: Lisbeth Alnas, SINTEF

11.50 - 12.00 Summary and concluding remarks
Terje F. Ronning
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Innevation

RCN's success factor concerning innovation:

"Created opportunities for innovation and increased
competitiveness among user partners and expectations of
social impacts".

sfiz=
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Innevation

is

a new product,
a new service,
a new production process, application or organisation

that is launched in the market or used in production to
create economic values. A new idea or invention is not an
innovation until it has come to practical application and
creates value.

sfiz=
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COIN innevations

Products:

Cement(s)

Hardening accelerator
Calcined clay

Services:
Crack TestCoin
FRC guideline

Production processes/applications:

Fibre reinforced walls

Artic sea structures without abrasion casing
Manufactured sand

sfiz=

COIN innovation oppertunities

Products:

Calcined marl

Admixtures

Low thermal conductivity structural concrete
Technology for production of advanced LWA

Services:

Surface quality classification system
Guidelines

Utilization of thermal mass

Performance based spec./test. (e.g. ASR)

Production processes/applications:
FRLWAC

Hybrid concrete

SCC?

sfiz=
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Fer debate

* How can we contribute to that what is created in COTH
becomes innovations?

» How can we, as an industry, inthe future ensure that ideas
and research results become innovations?

0 How fo get research inst. and industry fogether fo
develop research topics with sufficient innovation
and implementation potential?

o Dissemination and implementation of R & D results
in general

o Organizing of R & D projects where innovations are
the farget

sfiz=
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COIN Seminar
Concluding remarks

COIN Decamher 3= 2074 = TageF. Raaring AEIDELBERGCEMENT

B What did we learn in school today .....

m BUTwe had great fun!

AEIDELBERGCEMENT
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m Construction industry

— Often considered as |
assembling of standard L
components

= But - :fl_'.'u
— Frequently we need tailor Y1 ' -
made solutions "
m And, generally

— The only way to improve
value creation for a
construction project is to
interact

AEIDELBERGCEMENT

H
mlF

— We want to innovate
— We want to learn
m THEN

— We must do so outside the normal tendering
process of the construction sector

— We must create an organisational environment

— We must involve the Sector and Academia

— Everybody needs a strategy of its own and one of
interaction

— Influence the RCN & EU (funding;) Calls!
— JOINT TARGETING & CREATIVE PROCESSES

AEIDELBERGCEMENT
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Thankyou!
&

Welcome back at some occasion...?

AEIDELBERGCEMENT
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SINTEF Building and Infrastructure is the third largest building research institute in Europe. Our objective is to promote environmentslly
friendly, cost-effective products and solutions within the built enviranment. SINTEF Building and Infrastructure is Norway's leading
provider of research-based knowledge to the construction sectar. Through our activity in research and development, we have established
8 unique platform for disseminating knowledge throughout a large part of the construction industry.

COIN - Concrete Innovation Center is 5 Center for Research based Innovation (CRI) initisted by the Research Council of Norway. The
visian of COIN is creation of more attractive concrete buildings and constructions. The primary goal is ta fulfl this vision by bringing
the development a majar leap forward by long-term research in close alliances with the industry regarding advanced materials, effi-
clent construction technigues and new design cancepts combined with more environmentslly friendly material production.
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Technology for a better saciety www.sintef.no



