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oCcOost

EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY

COST (European Cooperation in Science and Technology) is a pan-European intergovernmental
framework. Its mission is to enable break-through scientific and technological developments
leading to new concepts and products and thereby contribute to strengthening Europe’s research
and innovation capacities.

It allows researchers, engineers and scholars to jointly develop their own ideas and take new
initiatives across all fields of science and technology, while promoting multi- and interdisciplinary
approaches. COST aims at fostering a better integration of less research intensive countries to the
knowledge hubs of the European Research Area. The COST Association, an International not-for-
profit Association under Belgian Law, integrates all management, governing and administrative
functions necessary for the operation of the framework. The COST Association has currently 36
Member Countries. www.cost.eu
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About COST ACTION TU1404

Cement-based materials (CBM) are the foremost construction materials worldwide. Therefore,
there are widely accepted standards for their structural applications. However, for service life
designs, current approaches largely depend on CBM strength class and restrictions on CBM
constituents.

Consequently, the service life behaviour of CBM structures is still analyzed with insufficiently
rigorous approaches that are based on outdated scientific knowledge, particularly regarding the
cumulative behaviour since early ages. This results in partial client satisfaction at the
completion stage, increased maintenance/repair costs from early ages, and reduced service
life of structures, with consequential economic/sustainability impacts.

Despite significant research advances that have been achieved in the last decade in testing
and simulation of CBM and thereby predicting their service life performance, there have been
no generalized European-funded Actions to assure their incorporation in standards available to
designers/contractors.

The main purpose of COST TU1404 Action is to bring together relevant stakeholders
(experimental and numerical researchers, standardization offices, manufacturers, designers,
contractors, owners and authorities) in order to accelerate knowledge transfer in the form of
new guidelines/recommendations, introduce new products and technologies to the market, and
promote international and inter-speciality exchange of new information, creating avenues for
new developments.
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About 15t Workshop of COST ACTION TU1404

The Workshop was focused on specific tasks related to an extended Round Robin Testing (RRT+)
organized within Workgroup 1 of COST ACTION TU1404. The following main objectives were:

- to make a scientific discussion on the proposed plan of RRT+ procedure and to allow the
participants to provide their own comments/suggestions;

« to define of all the activities together with a detailed time schedule necessary to adequately start
with the RRT+ procedure (i.e. to define transportation logistics, amount of basic materials that
need to be transported to specific laboratory, etc.);

- to present the leaders of Group Priorities of WG1 and to allow them to express their ideas,
demands, strategies, and expectations related to their GP in the form of short presentations;

- to allow other RRT+ participants to present some contributions relevant for a specific GP
(e.g. their experiences related to previous RRT programs, etc.);

* to present expectations of WG2 and WG3 members related to the results of RRT+;
« toinvite relevant speakers not included in COST ACTION TU1404;

- to allow the participants (i.e. members of RRT+) to present themselves, their organizations, their
scientific work and contributions;

» to get acquainted with other RRT+ participants and WG members, etc.
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About 15t Workshop of COST ACTION TU1404

STANDARDS FOR SERVICE
LIFE OF CEMENT-BASED
MATERIALS AND

STRUCTURES /
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Objectives of the posters

Two types of posters were presented at the Workshop, namely
- Institutional posters (type 1) and
— research posters (type 2).

The objective of type 1 posters was to present each institution participated at the Workshop
which is necessary to know each other a little bit better and thus to achieve quality
collaboration between the institutions included in the Action. Authors of the posters were
therefore asked to provide the following main information:

(1) basic data of the organization including gender balance, number of young scientists and
researchers, etc.,

(2) main research equipment and testing techniques used to evaluate properties of cement
based materials and concrete structures,

(3) a list and (if possible) very brief presentation of potential self developed advanced testing
techniques used to evaluate properties of cement based materials and concrete structures,

(4) arole of the institution in this COST Action,

(5) other information they consider important .
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Some statistics...

* 63 institutions from 27 European countries were presented at the Workshop,
« 75 Research posters (type 2) were presented.

« Distribution of type 2 posters with respect to the participating countries is presented in the
figure below:
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Outline in alphabetical order

Country Organization Page
Austria Graz University of Technology, Institute of Structural Concrete 16 - 17
ULB - Department of Building, Architecture and Town planning 18- 19
KU Leuven 20-21
Universiteit Gent, Labo Magnel 22
Belgium i
Vito 23
The Belgian Building Research Institute 24
Vrije Universiteit Brussel, MeMC 25
University of Zagreb - Faculty of Civil Engineering - Department of Materials 26
Croatia University Josip Juraj Strossmayer of Osijek 27
INSTITUT IGH — Laboratory for materials — Laboratory for concrete - Split 28
Czech Republic Czech Technical University in Prague - Faculty of Civil Engineering 29-30
Denmark Aalborg University 31
Aalto University, School of Engineering 32-34
Finland Tampere University of Technology 35
VTT Technical Research Centre of Finland Ltd. 36
ENS de Cachan, Laboratory of Mechanics and Technology 37
IFFSTAR 38
S Grenoble Laboratory Sols, Solides, Structures , Risques 39-40
Lafarge Centre de Recherche 41
Universitéde Pauet des Paysde I'Adour AND EDF 42
Toulouse University 43
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Outline in alphabetical order

Country Organization Page
Braunschweig University of Technology 44 - 45
Karlsruhe Institute of Technology 46
Germany .
BAM Institute 47 - 50
Minchen University of Technology 51
Hungary Budapest University of Technology and Economocs 52 -54
University of Miskolc, Faculty of Earth Science & Engineering 55
Italy University of Salento, Department of Innovation Engineering 56
Latvia Riga Technical University, Faculty of Civil Engineering 57 -58
Malta University of Malta, Faculty for the Built Environment 59
Norway NTNU Trondheim, Department of Structural Engineering 60
Silesian Technical University 61
Poland Wroclaw university of technology 62 -63
Kazimierz Wielki University 64
University of Minho AND EPFL Switzerland 65
Faculty of Engineering of the University of Porto 66
The National Laboratory for Civil Engineering, LNEC 67
Portugal i ) o )
University of Algarve, Laboratory of Building Materials 68
Universidade de Averio, Civil engineering department 69
High Institute of Engineering of Lisbon (ISEL), Department of Civil Engineering 70

14OY

COST ACTION



http://www.tu1404.eu/

Outline in alphabetical order

Country Organization Page
Serbi Faculty of Technical Sciences, University of Novi Sda 71
erbia
IMS Institute for Testing of Materials, Belgrade 72-73
Slovakia Povazska cementaren, a.s. 74
5| . University of Ljubljana AND Igmat - Building materials institute 75
ovenia
Igmat AND Slovenian National Building and Civil Engineering Institute 76
Instituto de Tecnologias, Fisicas y de la Informacion, Madrid 77
Spai Universitat Politecnica de Valéencia 78
ain
E Universitat Politecnica de Catalunya 79
Universidade da Coruia, ETS Ingenieros de Caminos 80-381
Sweden Chalmers University 82
Switzerland EMPA Concrete / Construction Chemistry Laboratory 83
TU Delft, Faculty of Civil Engineering and GeoSciences 84
The Netherlands
ConSensor 85 - 86
Istanbul Technical University 87
Firat University, Engineering Faculty 88
Turkey . . )
Ozyegin University, Istanbul 89-90
Yeditepe University, Civil Engineering Department 91
Ukraine SRIBM, Kiev National University of Civil Engineering and Architecture 92
. ) AECOM 93
United Kingdom ) )
Brunel University London 94
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Restraint stresses during life time considering
hardening Induced stresses

TU

Grazm

Graz University of Technology

Dirk Schlickel , Katrin Turner?

1) Graz University of Technology, Institute of Structural Concrete , 2 Federal Waterways Engineering and Research Institute, Karlsruhe, Germany

Hardening impacts | Climatic impacts and drying shrinkage = development of an englneerlng model for exp“Clt

- >

Jam @] O superposition of hardening induced restraint
stresses with restraint stresses during service life

= mechanical based determination of minimum
reinforcement for crack width control
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G Induced restraint stresses with restraint stresses during life by the
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S o<0 e t of EC2 Q\ Increasing member thickness leads to mixed appearance of
m L./ t hardening induced stresses and restraint stresses of life time
Life time of the construction 2 relaxation of hardening induced restraint stresses on tensile side
Fig. 2 Stress history during life time cannot be observed with the conducted experiment
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< Fig. 3 Restraint frames Fig. 4 Development of temperature Fig. 5 Influence of shrinkage
LL] at TU Graz and stress due to hydration and bond creep at
(acc. to thermal conditions) different crack states
: : . . _ References
N = today’s design assumption of a considerable relaxation of
= hardening induced restraint stresses cannot be verified [1] Turner, K.; Schlicke, D. and Tue, N.V.: Restraint and crack width
- development during service life regarding hardening caused
@) = only crack formation itself has a significant influence on the stresses, Proceedings of fib 2015 symposium in Copenhagen.
p) remaining hardening induced restraint stresses [2] Schlicke, D. and Tue, N.V.: Minimum reinforcement for crack
(- N _ o N width control in restrained concrete members considering the
= = permanent durability may require an explicit superposition of deformation compatibility, Structural Concrete 2015.
'E restraint impacts of the production phase and the service life [3] Bédefeld, J.: Rissmechanik in dicken Stahlbeton-bauteilen bei
QL in some cases abflieRender Hydratationswarme. Mitteilungsblatt der BAW Nr.
— 92. 2010.
5 = the effectiveness of insulation to reduce the risk of separating [4] Schlicke, D.. Mindestbewehrung  zwangbeanspruchter
U cracks due to outflow of hydration heat decreases with Betonbauteile unter Berucksichtigung der erhartungsbedingten

Spannungsgeschichte und der Bauteillgeometrie. Technische

Increasing member thickness Universitat Graz, Dissertation. 2014.
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Efficient 3D-FEM Model for Simulation of Stresses
Caused by Hardening in Large Concrete Structures

Peter Joachim Heinrich?d
D Institute for Structural Concrete, Graz University of Technology, Austria
Lessingstralle 25/1, 8010 Graz; peter.heinrich@tugraz.at

Approach Considering Real Material Behaviour

Typical mass concrete applications are FEM lIdealization Stress Independent Properties
foundations or hydraulic structures. ‘ fully parameterized ‘ modelling based on the effective concrete age: |
The deC|S|Ve Stresses for deSIQn are ; o ﬁner mesh at the edges ;; — hydrati()n heat r6|ease W|th mOdel Of JONASSON ;
usually restraint stresses caused by 4 - . : i
hardeni 0 . _° 1 of the structure & solid properties: Young's modulus and strength
ardening. However, centric restraint : 5 (compressive and tensile) with model of '

or bending restraint might be of minor ' * 3D volume elements
importance due to their dimensions [1]. (8 nodes with linear
This research focuses on the realistic shape-functions)
guantification of the decisive stress - appropriate boundary

WESCHE .
— autogenous shrinkage €., according to maturity |

_______________________________________________________________________________________________________

Stress Dependent Properties (Viscoelasticity)

distribution in order to allow an econo- | conditions to consider " - n o

mic design.  symmetry as well as ® viscoelasticity as additional deformation impact .
interaction with soll ® rheological body [2] (generalized MAXWELL model)
(thermal: heat storage; | Jescribes deformation impact :
mechanical: vertical and Qg 0+ a,-6+ay - G+as-6+a, - F=by-€+by-€+by-€+bs-E+by-€
horizontal restraining, i e

parameters of the differential equation obtained by

see [1]) TSTM-tests [2] — functions a;(t) and b;(t)

® equation Is solved analytically in every direction foré
i each 3D element |

stress independent
properties for each element

(tefﬂ ch €cas )

— requirement: small time-steps!

— assumptions: neither change of stress ¢t nor
change of parameters a;, b; within a single step |

Foundation of the New Botlek-Bridge (Netherlands) 1 B — 30 =Dbg-€+by-et+by E4bs-E4by-€
=HIE — simplifie; equation
BE =
| | S =y
® deep understanding of restraint stres- —’\,s,’ x// K
ses In hardening mass con(_:r_ete p |- p
structures to determine the decisive 1 | (a;ot‘,--__ '
stress distributions for crack assess- N —t "'\/_2\\;*,/01(}(\
ment (SLS) as well as superposition 8 el Y, \’,/x\’*{f’
with load stresses(ULS) /&% _——r=¥\ = 7777 |

®design concept for unreinforced
mass concrete structures (in accor-
dance with the safety philosophy of

total time-dependant
strain-response

"'A.: Th(f)l__.i‘_'i 'r)Q(t)L-" 7a(t na(t)| .-

A 7 : 3
the EC2) €cc(tivn, t) ¥ €t tisaf™)y 0 o
Acknowledgement | X att
' - X
This research is funded by AUStrian ReSEarCh PrOmM Ot ON AQeN- o e
cy (FFG), p-nr. 843489 Time-Step-Method (demonstrated with fully restraint 1D element)
References ¢ ) a o remaining (viscoelastic) stress at a ran-
[1] SCHLICKE, D. (2014). el| A el dom point in time
“Mindestbewehrung ~ zwangbeanspruchter Betonbauteile | 0, 9 KlLLlil % A g ViSC
unter Bericksichtigung der erhartungsbedingten Spannungs- - . ! visc _ _tot __ _ . ~tot] . ,
geschichte und der Bauteilgeometrie.” PhD-Thesis. Graz, : bl tot : 9i O kAE[(tlﬂ'tl)’Gl ] Ec(tl)j
University of Technology. i gol | v 10 o/ 15C v
B o visc Ao
[2] HERMERSCHMIDT, W. and BUDELMANN H. (2014). L e b Jim1 | | -
“Constitutive Law for the Viscoelastic Behaviour of Early | ¢ >0 ti t; i with AUiel _ l_el _ ie—ll and O_itot _ l_tg'i + A O_iel
Age Concrete in Massive Structures.” RILEM International anlts) [ t,
Symposium on Concrete Modelling, Bejing, pp. 183-189. | buts)
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UNIVERSITE ECOLE

LIBRE 1 POLYTECHNIQUE
DE BRUXELLES DE BRUXELLES

m Laboratory of Civil Engineering — TU 1404 cost action WG1 and WG2

MONITORING AND MODELLING BASIC CREEP PROPERTIES OF
CEMENT BASED MATERIALS SINCE SETTING TIME

Brice Delsaute (bdelsaut@ulb.ac.be), Stephanie Staquet (sstaquet@ulb.ac.be)

A
mm

B TSTM (Temperature Stress Testing Machine) B Compressive creep rigs (24)

Moving head

Fixed head

.
lr:‘_)‘ ~3% 44

"% Temperature control
/ and thermal insulation

i =
s il

ad

Free moving head

Mechanical strain (wm/m) : Monitoring of E-modulus (E) .
o and very short term creep (Jys(t, t)) Creep coefficient o (t,t) (/)
e 1.0 -
-100 - -160 | .
- Creep compliance J(t,t’)= 0g
9’{.6 9?'I.8 : )
| Age (hour) —- t’ t’ 0.6 -
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:g: 0.4 -
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Monitoring of short term creep (Js(t, t"))
and long term creep (J,.(t,t")) |

Equivalent age (hour)

B Microstructural interpretation B Experimental perspectives B Numerical perspectives
Very short term and short term creep are - Compressive vs tensile creep Integration of results in finite element
linked to the capillarity pores and - High stress levels modeling code
volume fraction of CSH - Realistic temperature conditions
20 - Computed with 1 20" _ Joined PhD with
- VCCTL - 18 =
s 103 , IFSTTAR
- - 14 & B
S 12 - 12 % S -
s - ' http://www.ifsttar.fr/
— =]
% 8 Porosity |~ 8 E Jean-Michel Torrenti (jean-michel.torrenti@ifsttar.fr)
E \ CSH - 6 E Florent Baby (florent.baby@ifsttar.fr)
S 4 - -4 E
E 23
S 0 - | 0 More information on http://batir.ulb.ac.be
0 50 100
Age (hours) Boulay, et al.:"How to monitor the modulus of elasticity of
concrete, automatically since the earliest age", Materials
_ . _ . and Structure, January 2014, Vol 47, ppl141-155.
How to extend this Looking for partners in the field of
study for concrgte with # _numer_lcal simulation of microstructure Seleni, cralolsay cae e and ket meeeling 6
high substitution of Including presence of supplementary concrete unde tension and compression”, CONMOD2014,
cement? materials October 2014, Beijing
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UNIVERSITE

LIBRE POLYTECHNIQUE
DE BRUXELLES DE BRUXELLES

m Laboratory of Civil Engineering — TU 1404 cost action WG1

ECOLE

IN SITU LIFE CYCLE MONITORING OF CONCRETE STRUCTURES
USING EMBEDDED PIEZOELECTRIC TRANSDUCERS

Cedric Dumoulin (cedumoul@ulb.ac.be), Arnaud Deraemaeker (aderaema@ulb.ac.be) ]

Smart Aggregates (SMAGS) are piezoelectric transducers which are embedded in a concrete structure in order
to assess In real time the mechanical behavior of the concrete from very early age to potential damage, using
ultrasonic techniques.

More information at batir.ulb.ac.be

Expansion direction - The SMAGs manufactured at ULB-BATir are composed
of a thin piezoelectric patch that enables to use the
/,,_ ‘\\XConductive coating transducer both as ultrasonic actuator and sensor.

4

8mm -+--Waterproof coating Working principle of p
piezoelectric materials.
| PZT patch v P
. |
Smart Aggregate transducer (SMAG), T \/ SMAG manufactured at ULB-BATIir.
detail of different layers. P
E E R
L E
. . g : < J)
- Ultrasonic Pulse velocity methods is currently one of the most widely = Z 2)
used techniques for NDT in concrete. But, the use of large external
probes strongly limits the measurement areas and only allows indirect S i -
ultrasonic measurements, which makes the interpretation uncertain. through thickness indirect semi-direct
The use of embedded transducers enables to overcome many a) External transducers
drawbacks related to external transducers. They are not only = Em'tt‘?f
potentially more efficient but they also add flexibility in the choice paci el
of their position, enhance their integration in the overall design of the E »
onc 5 5 i i )
structure and offers durability and protection from vandalism and ‘l’JVF?:’/empétohpozga“O“'” J i

environmental attack.
direct

b) Embedded transducers

Vehicle impact

. At early age, mechanical
properties of concrete evolve
continuously. Assessing the P-
Wave velocity in real time can
be used to evaluate the effective
strength of concrete before
removing formworks or applying
the load In the case of
prestressed structures.

. At high frequency the wave
propagation is strongly affected by
the microstructure of concrete and
potentially by cracks. The damage
appearance can therefore be
detected by observing the wave
which I1s transmitted from one
SMAG used as emitter to another Smart Aggregate
used as receiver.

gsonic Wave

g JJA{f Brldge tie beam
el s F e monitored by SMAGs.

Prestressed structure (http://www.tucrail.be)
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Evolution of the P-wave velocity as a function of time and corresponding signals [1]. Evolution of the damage index with crack growth in a reinforced concrete beam [3].
[1] Dumoulin C, Karaiskos G, Carette J, Staquet S and Deraemaeker A 2012 Monitoring of [3] Dumoulin C, Karaiskos G, Sener J-Y and Deraemaeker A 2014 Online monitoring of
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Mater. Struct. 21 4 047001 115016 (10pp)
[2] Carette J, Dumoulin C, Karaiskos G, Staquet S and Deraemaeker A 2012 Monitoring of [4] Dumoulin C and Deraemaeker A 2014 Real-time fast ultrasonic monitoring of cracking in a
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Construction materials from stainless steel slags by alkall activation

Muhammad Salman?, Ozlem Cizer?, Yiannis Pontikes?, Lucie Vandewallel, Bart Blanpain2, Koen Van Balen?
KU Leuven, Civil Engineering Department, Belgium; ?KU Leuven, Materials Engineering Department, Belgium

Obj eCtlve: 100 I Amorphous
. . . . . . 90 I Calcite
To find sustainable solutions for the valorization of continuous B i
casting (CtCs) and argon oxygen decarburization (AOD) B Cupicne
stainless steel slags in the form of construction materials. . — i
= 50 -

Approach:

« Exploit the binding potential of the slags by alkali activation N
« Study the effect of alkalis on the slag mineralogy and
microstructure during hydration "Cincctvaed st Tas | i S0ds
* Produce prototypes simulating the construction materials @ Fig.1. QXRD analysis of hydrated slag at different ages
available in the market shows changes in slag mineralogy due to alkali activation
ReSUItS 45‘_ 215 42/85 42182
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-84.6 C-S-H (Q)
-89.5C-S-HQ) 693
-94.0 C-S-H (Q)

Alkali-activation of CtCs and
AOD slags under steam curing
can produce end products which
have potential to be used as
building blocks and bricks In
construction applications with
reduced environmental impact.
The compressive strength of the

-79.7
-84.6

Compressive strength (MPa)

: : -80 -90 -100
products Improve with the
“1: . 3 days 7 days 28 days 90 days Rp
amount of silicates and curing . . | . _ o
Fig.2. Compressive strength development of alkali Fig.3. 2°Si MAS NMR of alkali-activated
temperature. activated CtCs stainless steel slag mortars at different stainless steel slag showing reaction
steam curing temperatures up to 90 days products as a result of hydration
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. _ _ - _ Fig.5. Elemental mapping of alkali activated stainless steel slag at (a) 60 °C and (b)
Fig.4. Lite cycle analysis of alkali activated (AA) bricks 110 °C showing distribution of different elements across the hydrated matrix of the
shows lower impact than the traditional clay bricks specimen and effect of curing temperature on the ITZ (shown by arrows)
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Construction materials from stainless steel slags by accelerated
carbonation

Muhammad Salman?, Ozlem Cizer?, Yiannis Pontikes?, Lucie Vandewalle!, Bart Blanpain?, Koen Van Balen?
KU Leuven, Civil Engineering Department, Belgium; KU Leuven, Materials Engineering Department, Belgium

45 70

ObJeCtlve: “ [ 8 bars, 80 °C 5.4

8 bars, 2.5 hours

35 50

To find sustainable solutions for stainless steel slags In the

40 40.7 %

Compressive strength (in MPa)
Compressive strength (in MPa)

form of construction materials. /
Approach: i
« Exploit the binding potential of the slag by accelerated R R N R
carbonation Fig. 1. Compressive strength of carbonated slag
+ Study the effect of different accelerated carbonation . CE
techniques on the slag mineralogy and morphology s
» Produce prototypes simulating the construction materials = g- Gl F
available in the market . ‘
Re_su ItS: _ _ Fig. 2. Frazr;[}egul:(lg? CO, captured in cart::)e;:;:;d slag
Stainless steel slags, due to its alkaline nature and
avallability as fines, has potential to act as carbon sink. The o
carbonated material can achieve compressive strengths B oo
required for most construction applications. Since - — [
accelerated carbonation results in the carbonation of only a o Eg'
fraction of the slag, the resulting products can act as carbon 3 orengte
sinks during their service life. Different carbonation
conditions results In various forms of carbonate phases In o] 8 S Lo o
the slag. Life cycle analysis (LCA) shows that the perforated Sntlzal leals
bricks produced form carbonated slags have much lower v
environmental impact than the conventional clay bricks. Fig. 3. QXRD analysis giving phase compositions of

slag specimens carbonated at different conditions
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Fig. 4. Life cycle analysis of carbonated
slags compared to traditional clay bricks

Fig. 6. Carbonate phases in stainless slag by FTIR
analysis
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Green concrete Test equipment

» Use of by-products

Materials and
reactions

o Fly ash o MSWI ashes T | ) . |
il analysis XRD analysis calorimetry Iy=els
o Silica fume with ultrasound

* Portland clinker out of 2
secondary or recycled materials =~ ©
 Completely recyclable concrete g
O = =
3% = Scanning electron
%{‘ tests microscope
Wate,
2
B
Additives E
-
| . o0 s
:Cemént_ S _
" Accelerated Chloride diffusion Combined chemical-
degradation tests tests mechanical attack

Self-healing concrete

/

Superabsorbent polymers

Encapsulated polymers

i , - Elastic polyurethane
Combination of fibres ~ = = & &~ 3 as healing agent
and hydrogels T B fus Jaiet

Compatibility/durability
of the capsules

« Survival of mixing

process
Crack closure by

further hydration &
CaCO, precipitation

* Breakage upon
crack formation

Bacterial spores , .
with different *,:; ;}E“;W . TeSt equment
carriers S ol -
3- and 4-point Water permeability X-ray
bending to & water absorption e
1 create cracks tests Jraphy
Glass capillaries Hydrogels Microcapsules I s
+ SG/PU
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Increasing societal and political pressure for change: reductions in CO, emissions - increase recycling of residues (zero waste)

Opportunities for diversification - development of a wide range of alternative binders:
new SCMs, CSA-cement, alkali-activated cements, carbonate cements,...

y New Substitutes
ka'l actlv
ated p,

XXX

CO, emissions

Durability of these new materials is not well-understood - current standards and service life models applicable?

Need for microstructural studies and expertise to 1) track and identify issues and 2) describe and understand the occurring
phenomena as a basis for mechanistic modelling 1990 2000 2010 2020 2030 2040 2050

X-ray diffraction

» Standard technique for hydration studies: kinetics, changing hydrate assemblages as a » Bonding vs. Leaching mechanisms can be assessed
function of binder composition » Deterioration kinetics - experimental data for comparison and calibration of
» Fast, wealth of information, easy sample preparation, analytical expertise needed durability models
» Regular Rietveld analysis: quantification of crystalline phases » Chloride/sulfate attack - depth profiling studies - penetration depths
* PONCKS (Partial Or No Known Crystal Structure): extension to calibrated amorphous » Sensitive to changes in AFm/AFt hydrate assemblages
phases
AR e
Hc o
:)K;J—J Portlandite - & ——Model 1500mM
. Ettringite 0 h Reference Ny - —Model S00mM |
- B-C,S N ‘ | —osesom |
W o W @ = s 0 I 9 - - - . — - - 000 0ok 08 °'8°Dept;°:mm;'z° Ho e s 20
°26 (CuKa) 2 theta
Fig. 1: XRD pattern decomposition by Rietveld - PONKCS Fig. 2: Cl-bonding by cementitious matrix upon Fig. 3: Experiment ing (Stadium®) of
analysis. 7 years hydrated White Portland cement immersion in 0.5 M NaCl solution hydrate assemblage chloride attack
(courtesy P. Henocq)
Elect '
eciron microscopy
» Standard microstructure characterisation technique - powerful when combined with EDX  Visualisation of damage and underlying deterioration
and image analysis: mechanisms - powerful when combined with EDX and image
» Phase quantification: distinction among different amorphous phases analysis:
(e.g. in fly ashes - Fig. 4) » Quantification of extent of reaction/damage
» Compositional changes of hydrates as a function of binder composition (e.g. ASR - Fig. 7)
(e.g. C-A-S-H phase - Fig. 5) » Changes in composition of the cementitious binder caused

by chemical attack
(e g. Sulfate attack Fig. 8)

— e
R dm

=
=1
IS T S E—

203 [wi %)

8 W & o m

a 0.5 1 L5 2 15

Depth {mm)

Fig. 4: Image analysis of BSE (a), EDX- e ]

mappings (b): hydrate thresholding (c), B e A A R < Fig. 8: Sulfate ingress
followed by segmentation based on Si/Ca Si/Ca io. 7: i : sgregate (left) and image analysis to profiling, accumulation
chemical composition of anhydrous Fig. 5: BSE imwalysis plots to - " ight) (PhD M. Ben Haha) of gypsum below the
phases in fly ash blended cement determine C-S-H comp Portland cement (left) surface (PhD C. Yu)
(PhD P. Durdzinski) and metakaolin blended cements (right)
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AUTOGENOUS SHRINKAGE MEASUREMENTS AT EARLY AGE (UHPC|SCC)

www.bbri.be

BBRI

Lab Structures :
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Lab Concrete technology :
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(Early age) Strenth development of Eco-ConcRrETE

N
o

High s:Iag cement based concrete

(CEM 111/C 32,5N) I I
Ref. CN Accelerator Metakaolin
(0,7% dry extract) (34kg/m?3)
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-E3- ceEm m/c 32.5N

Compression strength [ MPa ]

Compression strength @2days [ MPa ]
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0 ] a Il I » 1 1 Il » 1 L Il 1 »
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Time after casting [ days ]

Piérard J. et al. (2012), Strength Development and Durability Properties of High Slag Cement Based Concrete
fib Symposium, Stockholm.

Principle of the dog-bone test in tension
(after Kovler, 1994)

0 v . v .
Y Autogenous shrinkage (Tazawa method
) - \p =501 Autogenous shrinkage (Dilatometer)
Autogenous & total shrinkage test setup ’ A - AR e D R eret)
(classical dilatometer method - T,=6,6h) }/ £ )
€ 150}
Q
% 200}
-
=
= 250}
v
-300} -
Autogenous shrinkage test setup - ) ) ) )
after Tazawa’s work (T,=0,5h) 0 24 48 72 96 120
Time after casting [ hours ]
Mix scc1 SCC2 scc3 Scca oc1 0C2 HPC
W/C ratio 0.43 0.47 0.50 0.47 0.50 0.50 0.35
W/B ratio 0.26 0.28 0.30 0.35 0.50 0.50 0.33
Autogenous 70%  41%  33% 39 % 25 % 21%  71%
shrinkage
Drying shrinkage 30 % 59 % 67 % 61 % 75 % 79 % 29 %

(% total shrinkage at 56 days)

CRACKING TENDENCY OF UHPC|FRC|SCC

Van Itterbeeck P. et al (2010), Evaluation of the Cracking Potential of Young Self-Compacting Concrete, SCC 2010 Conference

Steel ring (t=20mm)
Drying up & down
in gauges on steel innner face
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Theoretical model (elastic
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Short and long term behaviour of fibre reinforced concrete (FRC) in bending

Parameters of investigation

& Dosage Pre-crack CMOD Loading ratio [%)]
" 12 Individual Test setups ) -
~ Pre-cracking @ Creep of Macro Synthetic FRC (6 kg/m?) is large
@ 4 . . 14
Loaded @28 days - Precrack
a + Creep
- . $6-0.20-45 10 + Reloading up to failure
S — 5602057 |
Q 8 3
B —$6-0.50-45 | =
o <
- 8605057 | g g}
O — S6-1-45
——— 5$6-3-45 ar
2 .
o> . . . . . 0 - : : . -
0 4 8 12 16 20 24 0 0.5 1 1.5 2 2.5 3

Parmentier B. et al. (2008), Evaluation of the scatter of the postpeak behaviour of fibre reinforced concrete in bending :
a step towards reliability, BEFIB 2008 Conference, Chennai.
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Acoustic Emission and Ultrasonic Monitoring of Fresh Cementitious Materials

ABSTRACT

The final mechanical properties of
cementitious media strongly
depend on the early age curing.
Monitoring of this process is
important and conducted by non
invasive techniques, Acoustic
Emission (AE) and Ultrasonic (UT)
monitoring.

1. INTRODUCTION

Reliable examination of fresh
concrete is troublesome. This study
seeks a stress waves methodology
that can assess parameters of the
concrete performance from the
time of mixing. The investigation is
based on active monitoring of
ultrasonic waves, including
frequency dispersion and
attenuation parameters, and
passive monitoring by acoustic
emission (AE). The Kinetics of the
material are monitored and
correlated to the final mechanical
properties. The aim is a
methodology to make projections to
the final performance based on
robust engineering criteria
obtained from the behavior of fresh
concrete rather than assumptions
and the experience of the user.

2. EQUIPMENT
For AE, resonant and broadband

acoustic transducers can  Dbe
attached on the standard metal
mold (Fig. 1). For ultrasonics, the
transducers are attached to a
plastic mold and one is connected
to a waveform generator to act as
pulser (Fig. 2a)

3. Acoustic Emission

(a) -—
& \

~

Fresh concrete

Metal mold

AE sensor

Magnetic clamp

—w/c0.35
==w/c0.65

— w/c0.50

3 4 5 6
" " " Time h " " " "
Fig. 1(a) AE monitoring setup, Cumulative emissions for different water
over cement ratio. The processes are completed faster for lower w/c.
4. Ultrasonic monitoring

Time (h)

Inorganic Phosphate
Cement

—
o
-

_[emememy ¢ Cementitious mortar

—

(s/w} Aypojaaasing

&y
S
-

Pulser

-~
s S

: I I 0
. %1 0 20 40 60
: ‘ Time (h)

Fig. 2(a) Photo of ultrasonic setup, (b) Pulse velocity vs. hydration time for
different samples

4. CONCLUSIONS

Wave velocity reveals the hydration stage, the stiffness development under
different conditions, while AE activity shows the rate of processes like
segregation, bubble release, water migration, early shrinkage cracking.

1. D.G. Aggelis, D. Polyzos, T.P. Philippidis, Wave dispersion and attenuation in fresh mortar: theoretical predictions vs. experimental results, Journal of the Mechanics and Physics
of solids 53, 2005, 857-883.

2. N. Robeyst, C. U. Grosse, N. De Belie, Measuring the change in ultrasonic p-wave energy transmitted in fresh mortar with additives to monitor the setting, Cement and Concrete
Research 39 (2009) 868-875.

3. K. Van Den Abeele, W. Desadeleer, G. De Schutter, M. Wevers, Active and passive monitoring of the early hydration process in concrete using linear and nonlinear acoustics, Cement
and Concrete Research 39 (2009) 426-432

4.Y. El Khattabi, Acoustic Emission Behaviour of Early Age Concrete Hydration, MSc Thesis , BRUFACE 2015
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Ultrasonic monitoring of hydration induced changes in CBM'’s

University of Zagreb, Faculty of Civil Engineering
Department of materials
contact: gabrijel@grad.hr

Hydration process of cement based materials

Formation of individual hydration products (Locher et all 1976.)

dort fores Microstructural build-up -,
% | | STAGE2!  STAGE3 STAGE !
reflects at the macro Z | sTaces
scale. £ |2 i
a ‘“: !
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m—— L microstructure and — ' >
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TS "~ dys properties tested at Plastic Setting Hardening
: hydratatioanteps = Mmacro Scale

Monitoring of hydration process with ultrasonic methods

In ultrasonic testing of

The primary purpose of ultrasonic non- early-age CBM’s there is no

Ultrasonic waves or more destructive evaluation is to understand the . .
o . Ideal defect-free medium
generally stress waves wave-material interaction and assess the sought . o
. . . . but instead deviations
propagate through solids material properties from the observed deviation .
. . . . . . caused by changes in the
and interact with material. In the ultrasonic response from that of an ideal,

defect-free medium [Nagy, 2003]_ material properties are

studied.
Continuous monitoring of wave-
material interaction
5
4
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Relevant research topics Specific experiences
* Civil engineering materials Crushed bricks and steel slag as aggregate in ordinary concrete
* Waste materials in civil engineering * Tested material properties: physical, mechanical, thermal
* Alternative aggregates and binders for structural Crushed brick and steel slag as aggregate in fire resistant concrete
concrete

* Tested basic engineering properties of fire resistant concrete
* Alternative aggregates and binders in road

pavement structure Aplication of crushed bricks in precast concrete floor elements

« Testing on material characteristic level Alkali activated binders - geopolymers
» Testing on structural element level Steel slag as aggregate in hydraulically bound mixes
* Analysis of buildings life cycle costs, service life and » Tested basic engineering properties of cement stabilized pavement
energy efficiency layer with different aggregates
¢ Slump x Density O Air content . . . .
. zsoo; O o e X KXy . x Ky X 1% Fly ash as binder in hydraulically bound mixes
E ’g 2000 ngmxﬁxxxxsx x x"S xx5 KX x_xx""""i) x X - xxxzng 12% ;% . . . . )
22 1500 | © 28 2 0o % 5 * Tested basic engineering properties of cement stabilized pavement
£ E i © Re 0 - ? © 6% S g . .
i e, O, o %0 s layer with different binders
P94 ..’?.’00.’?*.’,34??;?.’“?.’?.’”9 ??99..9??.’93..9??.’33% o: . . . 2 . o TPRT
e s e S e e G Service life predictions of existing and new buildings and elements
Mixture
P T * Examination of types of building service life
. @ Modulus of elasticity X Compressive strength 56-day O Flexural strength 56-day - TESting airtightness & energy effiCiency Of bUildingS
e R ke Tk et e *:x x 48 E * Determination of energy savings over the service life of the
S E 15000 "0 o ¢ ’ * ‘0”‘ X HEL x“oo op o* 36 2 buildi
E4S 10000 1% 'x ¢ x‘xxxx"x" x X x o¥x &3 XX 24 TE ulaings
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z 0 ﬁuﬁuu uuﬁuuu 02996°%605000, Uuuuuuuﬁuuuuuuu 5 ngu 699000606°°600060 . g_
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Mixture
Pronerties of hardened concrete
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é 20°C - 200°C  600°C  800°C  1000°C % OZOOC 2060C 6060(3 8060(: Measurements of walls U-values over a long period of time
8 i
Temperature (°C) Temperature (°C)
Residual compressive strength after Residual modulus of elasticity after
exposure to high temperatures exposure to high temperatures

Specific topics for further study

A

* Environmental effect of waste materials used in civil engineering

Stage 0 of 93 [%

] (%] Stage 93 of 93 (%)
* Pozzolanic properties of crushed bricks I Sy
* Long-term effect of waste materials in building structure | p o EZ
* Heavy metals content - leaching I - .

Mises strain
ET [ [
(= w H

o un o

Mises strain
Mises strain

3
: 12
0. 0.0

* Presence of volatile metals and organic compounds which can be

Visualization of strain state during a compressive test on hydraulically bound mixtures using 3D

released at high temperatures digital image correlation technique
* Fine dust which may contain toxic and organic elements and can cause TU1404 MEMBERS:
respiratory problems

Ph.D. Ivanka Netinger Grubesa, nivanka@gfos.hr

* Radioactivity Ph.D. Ivana Barisi¢, ivana@gfos.hr

* Potential of energy savings and extension of buildings & elements service Ph.D. Ivana Miligevi¢, ivana.milicevic@gfos.hr
life

Ph.D. Hrvoje Krsti¢, hrvojek@gfos.hr
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INSTITUT IGH - Laboratory for materials - Laboratory for concrete - Zagreb

MAIN RESEARCH PROJECTS

Research of Impact - Echo Method feasibility

« PhD project resulted in dissertation

« Impact-echo is an acoustic method, which utilizes reflections of transient elastic waves
from damaged areas of a structural element to assess its condition.

« Objectives of research are more accurate determination of detection limits of damages in
reinforced concrete structures with the use of IE method and establishment of statistical
model for probability of detection prediction in respect to type, size and depth of
damages.

« For the experimental research, an experimental reinforced concrete field with embedded
damages of different sizes placed at different depths was designed and manufactured.

» Measured responses are processed by standard Fast Fourier Transform (FFT) method and
by alternative spectral analysis methods

 From test results, based on intensity of noise and on intensity of responses from damages,
a probability of detection (POD) model was created.

.;-----.-:-------.:]

§ (Em) . i 7 ] n .:-u-;j H T &
Application of fibre optic sensors for deformation measuraments on Krk bridge coloumns
 Institute IGH project Gt e A e e
o F1rsjc appllcatlorT of fiber 0|?t1cs in the fTeld of Civil Engmee.rmg in Croatia _ } {‘_\ /_’ /-L.'}?_\\ -
* During the repair work design of Krk Bridge Columns some important Righe ource fed =
questions and open issues appeared: .. B, SO
« the stress increase rate in the rest of the concrete after SRR 0,070 e
hydrodemolition of the concrete cover, £ o [yl
« the rate of elastic deformation and plastic creeping caused by g je, |~ S26RK|
| |—o— S26RM

disburdening of column,

« the rate of influence of the new concrete shrinkage on additional
longitudinal loading

 how the new layers (of repairing concrete) affect loading capacity of
the repaired columns - when and in which rate will new concrete
participate in useful freight bearing.

« For measurements, long gauge fibre optic sensors (L=2m, Resolution=0,001
mm) are selected to insure measurement of average deformation avoiding
influence of local deformation changes.

» Test results are used for statical analysis of concrete structure

Relative deformation

Fibre optic sensors

1 936 950 1004 10:19 10:33 10:48
Time (h:min)

Corrosion monitoring system developement

HI.I i .

| - -

‘ i .r ||II:"|-|
a w1t S

ek

* FP7 European Comission project “TRIMM” 2011-2014
* Project task “Corrosion monitoring”

« The common goal in all tasks in WP3 is to overcome the
gaps and barriers in European deployment of innovative
bridge monitoring methods to increase availability,
structural safety and cost-efficiency.

Steel foil
» To ensure confident corrosion indication, integration of Platictube — ptial ires Z.e .
nput Oulput |
// Light in from LED optical fites fiore

several corrosion monitoring techniques is included into oo </, — -
+—pLight out to photodetector —% %é, >
: Light inpul Light output

one advanced corrosion monitoring system.

» Self-constructed sensors based on fiber optical and
electrochemical methods was developed.

Porous Enenofaen

TMOEE Q8

: : 45.00 : 90 1
 Sensors are tested in the laboratory and at the field G i ey T
« Correlations Between different measurement parameters o . 1 ol
are established (half cell potential, macrocell current, ’gz’: A P ANEZ A . L35
. g 0. Qg . g g % o, T A - - = FmaT B EREE |
electrical resistivity of concrete, chlorides concentration in B S o S T T A T TN = Y i e
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- Developed corrosion monitoring system was implemented S SEISEMT  —v-artexpien) -y - |
on real RC bridges A @ i - I/ D=A-t+B-(1-¢)
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» Corroaion Criteria for assesment of damages was 4 PR =" s s W T = &
established
» Model for corrosion prediction from measurement data was
proposed
E |‘ '-IJ‘_H '_ : i w .{E,:_\;_ 5
;‘ L Inteset acess
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sensor
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- current
™ Electrical
= resistivity
e I TS | P{ Reference
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sensor

Sensor system 1

Additionaly sensors in a laboratory size specimen
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WG2: Model of carbonation and chloride ingress for cracked concrete structures

Czech Technical University in Prague, Faculty of Civil Engineering, Department of Mechanics

Introduction

Maintenance cost in construction industry is estimated as 30-40% of the total budget.
Carbonation and chloride ingress are the most relevant damage mechanisms for steel corrosion

Iin reinforced concrete structures.

[http://en.wikipedia.org/wiki/Concrete_degradation]

Carbonation

Carbon
dioxide

A diffusion-driven process is accelerated by the
presence of cracks. Decrease of pH under cca 9 —
depassivation of reinforcement — corrosion of

reinforcement.

Chloride ingress
Reinforcement corrosion

starts
concentration

chloride
exceeds

when

about 0.6% of the binder
mass.

oxygen,
chlorides

[http://failures.wikispaces.com/Concrete+Bridg
e+Failures+-+Deterioration+and+Spalling ]

[http://failures.wikispaces.com/Concrete+Bridge+Failu
res+-+Deterioration+and+Spalling ]

Objectives

Macroscopic modelling of CBM behaviour during life cycle.
Formulation of thermo-hydro-mechanical model of concrete at a structural level. Multi scale
coupling with model of cement hydration.

Extension of transport models for the influence of cracks.

Preliminary results

Cracks have strong impact on transport acceleration in concrete. The table below shows
induction time for two concretes with cover thickness 30 mm and relative humidity 0.6.

Crack width (mm)

Concrete C=400 kg/m3
P(fly ash)=50 kg/m3
w/b=0.45

Concrete C=200 kg/m3
P=0 kg/m3
w/b=0.45

0

246

157

0.1

69.7

44.5

0.2

49.2

31.4

0.3

39.1

24.9

The table shows
that cracks 0.3 mm
decrease about 6x
induction time for
carbonation.

Thermo-hydro-mechanical model

A new engineering model for carbonation and chloride ingress combines recent results from
concretes made from blended cements. The model includes macroscopic cracks which
accelerate transport mechanisms. Given the cover thickness of concrete, the model predicts
the end of initiation phase and the beginning of the propagation phase. Different boundary
conditions reflecting various exposition classes can be set up. The model allows simulating
accelerated carbonation tests or to study the effect of early-age cracking due to excessive
drying or excessive mechanical load. The model allows the coupling effect between crack
growth and carbonation progress.

4 )
p | Heat and Temperature
——>| moisture |C——=>| andmoisture
Geometry transport filed
Dimensions N <
Reinforcement ﬂ
Cover thickness
Number of finite elements Mechanical Stress, strain
Material properties nodel —) dar,nage ’
Concrete characteristics
w/c ratio
Boundary conditions ﬂ
Mechanical loads
Thermal loads [ Crack width ]
Prescribed displacements
Concentrations ﬂ
Initial conditions
Temperature r )
Concentrations 1D transport, : Induction time,
:> carbonation concentration

The table below shows induction time for submerged concrete in sea water with cover
thickness 100 mm. Cracks 0.3 mm decrease about 9x induction time for chloride ingress.

Crack width (mm) Concrete
w/b=0.55
0 74.58
0.1 36.02
0.2 15.70

0.3 7.76

Deterioration
Spalling of concrete

Depassivation of
reinforcement
Cracking of concrete

-} Collapse

ﬂ_
o

3

)

Propagation phase

Initiation phase
! J
I “1

1D model for carbonation and chloride ingress with cracks

Carbonation depth xc
* Macroscopically uncracked concrete (Padadakis & Tsimas, 2002)

| 2Dec0,CO; _ C is OPC in kg/m?3

k is ef ficiency factor
* Crack width w accelerates carbonation (Kwon & Na, 2011)

x.(t) = (2.8164/w + 1At
De,CO, = 6.1 %107 ( YT
* Crack generally evolves over time, an incremental form

* Empirical effective diffusivity (Papadakis & Tsimas, 2002)
[W-0.267(C+kP))] 3
) * (1 _ RH)Z.Z
Pc E
A (£) = (2.8164w;i31 + 1)A, Af 4 2.816A1\/ti105 Aw
24/tito5 24/Witos

8.0
7.0
6.04 °
5.0 1
4.0+
3.0
2.0 D,,=3.87 - 1072 m%s
t,e=28 days
1.04 m=0.2

tg=30 years
00 LEIELE B | A=A L D R | LS By ]
0.01 0.1 1

Time (year)

Diffusion coefficient « 1072 (m2/

Chloride ingress
* 1D transient ingress

_ _ X
Ceat) =G [1 erf (ZJDm(t)f(W)t)]
Acceleration by cracking (Kwon, Na, Park, Jung, 2009)

f(w) =31.61w? +4.73w + 1
 Diffusion coefficient- time depended

tre m
D() = Drey ()
* Averaging yields the mean coefficient
_ 1t tref\™ g = Pref (tres
Dm(t)—tfoDref(T) dt = (t

1-m

Dy (t) = Dyef [1 + & (i)] (ﬂ)m t >ty

1-m tr

C, is the chloride surface in kg/m?>
D, is the mean dif fusion coef ficient in m?/s

OPC |, w/b=0.4

D,o0.427 - 1072 m?%/s

..-..__!@.510 yr
m='0.~37..
tz=30 years....

Cl of binder (%)

1404

COST ACTION

and chlorides

Input parameters of the model are geometry, material properties, boundary conditions and
initial conditions of concrete structure. In the first step, temperature and moisture filed are
obtained using heat and moisture transport model. The consecutive mechanical model
calculates stress, strain, damage and crack width of concrete structure. Crack width is the
input for the last stage where 1D semi-analytical transport model calculates carbonation front
and chloride concentration. The presented model has been implemented in ATENA software.

[Concrack benchmark RG8]

Conclusions

Preliminary results show strong influence of cracks to transport properties. For traditional
CBM, cracks 0.3 mm decrease induction time about 6x for carbonation and 9x for chloride
ingress. Preventing macrocracks and designing proper concrete mixture are prerequisities for
durable concrete.

We gratefully acknowledge financial support from SGS15/029/OHK1/1T/11 granted by
Czech Technical University in Prague.
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material design
for hostile marine environments

luis pedro esteves, lars damkilde

focus on material design and modeling of off-
shore concrete structures.

with a history of great achievements, we aim to
develop the baseline holistic experimental
modeling of advanced ultra-high performance
cement-based materials.

and by this contribute to the next generation of
model laws for ultra-high performance concrete
materials and structures.

shrinkage and cracking
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Introduction

Formed by mixing of fresh concrete with steel fibres, which improves concrete-matrix mechanical

properties leading, however, to an anisotropic material behaviour

STEEL FIBRE

hooked-end steel REINFORCED CONCRETE, (SFRC)

fibre
concrete { aggreg”;\te_j h:i"i-dened
mass cement binder hooked-end concrete

steel fibres

INTENTION & MOTIVATION FOR RESEARCH:

strengthen the reliability of using SFRC in load-bearing structures: tunnels,
bridges, buildings

Why SFRC ?

Realization of a construction project:

How to design a structure ? How to make a structure ?
ULS SLS Manufacturing Technology
safety usability: quality:

-- cracking; -- implementation time;

-- acoustics; -- performance complexity.
-- vibration;

-- etc.

SFRC: BENEFITS

-- reduces labor costs and promotes
efficient implementation;

-- enables to produce the structures of
complex geometry;

-- may replace the secondary or
minimum reinforcement;

-- fulfills better SLS requirements
(especially crack resistance), which are

Y often more strict than ULS ones. y

developed material model developed measuring methods for fibre

for SFRC supports both ULS and SLS orientations support manufacturing technology

Developed measuring methods to support SFRC casting
praCtiCe (more detailed in [3, 4])

Experimental specimens

direction of tensile stress é’l-' = :gtagg_
}( ;;.’. 30 ﬁ_\\ :st:a 5 |
Slab I 2
_j._ L5 ég 25
; Cuboi / slice surface 2 \ \
Y uboid 1.2~ Y A —" N\
-->z,§ E‘l //ﬁ \ \
Cuboid 1.1/ S 3 |
i =
30 cm
abt 250 c€m 0 10 20 30 40 e
500 cm Midspan deflection, mm
6 full-size floor slabs, site-specific casting Load-deflection in bending

Slicing with DC-conductivity joined with image analysis

Slicing with image analysis

. /3 cos (f)= 2a

Filtered and binary images of a slice Inclination # and in-plane ¢
angles by shape of fitted ellipse

Ambiguity in the direction of a fibre:
in-plane ¢ angle is measured only in the interval [0°, 180°]

U slice surface L\l }\ \’
N

DC-conductivity testing combined with image analysis:
ability to measure the in-plane angle ¢ in the interval [0°, 360°], which eliminates the ambiguity in
the direction of a fibre

— utilises the coordinates of cut fibres defined in image analysis;
— is based on physical property: measuring of electrical conductivity between the cut ends of steel

fibres.

probe (metal ball)

Prototype of a robot Scanning of a slice surface A probe

X-ray micro-tomography

direction of tensile stress
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cylinders representation of fibres orientations

Steel Fibre Reinforced Concrete:
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Advantages of measuring methods developed or tested

e Combination of DC-conductivity with image analysis:
— provides fast scanning time;
— prevents the ambiguity in the in-plane angle;
— does not require expensive technical solutions.

e 1CT scanning:
— provides precision of measurements superior to other methods;
— provides CT-systems requiring limited knowledge of X-ray methods.

Develop SFRC casting process to optimise fibre orientation

NUMERICAL SIMULATION CASTING PRACTICE

TODO: TODO:

-- develop a new simulation -- manufacturing of
tool considering the structural member/s
specified parameters |\pyTto . €3Ch. following the casting
used in manufacturing  simulation  Practical practice with specific
or casting practice; - Lest and most relevant

-- verify by simulation parameters;
measured fibre -- measuring of fibre
orientation distribution/s; orientations.

-- propose changes in
considered casting
parameters and simulate.

use the simulation results with
modified parameters to decrease
the number of practical tests

Implementation of the developed SFRC material model in
Finite Element Method simulations ore detailed in [1, 2))

Developed orthotropic material model for SFRC:
CONTINUOUS FORMULATION

linear-elastic regime: analyse SFRC stress
(c) (m) () (f) () () distributions with various
Tij = (IV Cijkl, + IV Cijkl) Cik " fibre orientations under
concrete, isotropic  fibres, orthotroplc different loading conditions;

damaging regime: inclusion of a

failure function f( extend the model developed

by employing the continuum

~(C) (TTL)C(m) + V(f)c(f) . é(c) . damage theory.
Tij ASRA (I—ll Jkl) Ik DWiII enable the evaluation

of load-bearing capacity
of SFRC members.

Concrete-steel fibre interaction study
Adhesion:

— caused by intermolecular interactions in the surface layer of contacting bodies.
Loosing of adhesion = gradual debonding = concrete cracking = crack opening
(important for crack width control!)

concrete, isotropic ﬁbres orthotrop|c

— influenced by the special microstructure of the cement paste at vicinity of a fibre:
Interfacial Transition Zone (ITZ)

Microstructure of the cement paste in ITZ is considerably
different from that of the bulk one
How much different (quantitatively and qualitatively) and why ?

REASONS:

-- bleeding and entrapment
of water around the fibre; bulk cement paste:
- inefficient packing of ~ #"'more dense than ITZ
cement grains. ::.: _:s

Ca(OH)zi itk : E Porous layer, formed by:

Ca(OH)2 (mostly present) +
Calcium-Silicate-Hydrate +
Ettringite

(not continuous;
usually in direct
contact with
fibre surface)

iThe majority of material near the fibre consists of
iCalcium-Silicate-Hydrates. :
That which is not filled with Hydrates is primarily Ca(OH)z

Interfacial Transition Zone (ITZ) in SFRC; width 40-70 pm.

Inhomogeneous microstructure of ITZ = complex mode of cracking and debonding

Experimental investigation of adhesion by X-ray
micro-computed tomography

Testing set-up and test-scanning outcomes
stepwise tension rotating SFRC sample  X-ray source

detector ‘
after each tension
step samples are
scanned usmg pCT

stepW|se tensmn

Enables to specify:
-- thickness of ITZ;

-- porosity of ITZ including the
continuity/discontinuity due to
the presence of aggregate
and/or Calcium Hydroxide;

-- activation of ITZ while stress
is applied.

result of
scanning

Expected outcomes of the study

e increase of concrete-matrix first cracking stress;

e better control over the initiation and propagation of cracks assuming the favourable debonding
mode at or close to fibre-matrix interface.
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Introduction
Composite:  Steel Fibre Reinforced Concrete (SFRC)

Formed by mixing of fresh concrete with short steel fibres
Adding fibres to concrete matrix improves mechanical properties leading, however, to an anisotropic

behaviour _
State of concrete matrix:

— hardened
Type of fibres:

cement binder} concrete

~aggregate mass
’ , + = et o straight steel fibres with hooked ends
‘ NN BT -l 50
' Dbt — aspect ratio; +— = 5
o hooked-end M iy b dy 1
fibres

— amount: 80 kg/m?
MOTIVATION FOR RESEARCH:

management of short steel fibre orientation needed for the specification of SFRC
bearing capacity is still more or less an open question for engineering community

The main goals of the research

1. Development and implementation of methods for measuring fibre orientations:

— Slicing based on the combination of DC-conductivity testing with photometry
e slicing with photometry
e slicing with DC-conductivity joined with photometry

— X-ray micro-computed tomography (nCT)

2. Development of an orthotropic material model for SFRC

Slicing with photometry

direction of tensile stress ¢ 30 Esﬁgsi
AX .I. SLAB
;| Slabl 2
if"- -»Z | / 20 V \ \
\V{ Cuboid 1.2/ sl}ce surface % i} \ \\
Cuboid 1.1/~ 8 . /ﬁ' -
:
abt 250 0 20 30
500 Midspan deflection, mm
Full-size floor-slab Load-deflection diagram of slabs tested by
three point bending test
:_ ..... »7 Righztu:i:;:;a section e ¥ e . T . /f’ih\ <_>
Lo oAl g :.' e ",/)i,' N jdf slice surface.”
Y U NN -
9 1 - MR = — N
on tentls(iﬁm . R 5 & - \)’f},\ hN o
1 o ; ‘
SO... . . . .
Leftside of a section Filtered (left) and binary (right) Measuring the inclination 6 and
Sample cuboid with slices images of a slice in-plane ¢ angles using the geometry

of cut fibres
Shortcoming: in-plane angle ¢ is measured only in the interval [0°, 180°] causing the ambiguity
in the direction of a fibre.

Slicing with DC-conductivity joined with photometry

Extension of slicing with photometry = uses the coordinates of cut fibres received in photometry

Based on physical property: electrical conductivity between the opposite endpoints of cut fibres
A A

Scanning robot (side and front view) A probe

— fast scanning time
Advantages: — prevents the ambiguity in the in-plane angle
— does not require expensive technical solutions

X-ray micro-computed tomography (nCT)
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Sufficiently large cylinder 3D voxel representation and Scatter plot of fibre orientations
samples analysis of skeleton—objects
— precision of measurements is unparalleled with other methods
Advantages:

— availability of CT-systems, which require limited knowledge of X-ray methods ,
_a
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Assumptions for constitutive mappings of SEFRC

— anisotropy
scatter plot of fibre orientations measured by
X-ray micro-tomography

100

300 240 300
80 Cylinder 5A 20 #0  Cylinder 5B

Anisotropy can be modelled by an orthotropic material model

— physically linear-elastic

[s justified as tension stresses in concrete matrix should be kept low to keep concrete uncracked

4

Hook’s law (stress, S;;, strain, Ejy, relation) as a starting point:

Sij = Cijki Lk

4th

where Cj 1 is the order elasticity tensor.

Modelling of isotropic concrete matrix and anisotropic
influence of short fibres

— an orthotropic material with three principle material directions {m(i)}i:1’273

> m!,m2, m3-symmetry directions
U, ¥, -unit vectors
m! m3

N S I unit vector || m() =

% L! = 1! @11 structural tensor

A structural tensor lays down the material symmetry needed to describe anisotropy of material

— hyperelastic material: strain energy density, W (E), E— Lagrangian strain tensor, as a potential for
the stress tensor

_ 0 oSy . 9? _
Si (E) - a—EwW(E) = aE,jl - 8Eij8EMW<E) - Oijkl(E)

— orientation state of fibres can be quantified by the orientation distribution function (ODF) f(n),
where n(6, ¢) is a unit vector associated with the orientation of a rod-like particle (fibre) in space
Y

ODF is a probability of finding a fibre between the given
angles on a unit sphere (radius r = 1), such as:

PO <0<60;+db, 01 < o < ¢ +do)
= f(01, ¢1)sin 01dodg

— [-order orientation tensor (OT) can be defined as follows:

Oproogi = $g2 0y @ - @y f(m)d*n

~ l-order alignment tensor (AT) is a deviatoric or irreducible part of the OT. The 2 order
alignment tensor A;;, which reads as:
1
Aij = $oo (nz @nj—g-tr (n; ®nj) - 5z'j) fm)d*n = §» n;®@n; f(n)d*n
n; ® n;

represents the deviation of the OT from isotropy and specifies the main anisotropy directions of the
system. Alignment tensor series can reconstruct the ODF. The expression for the approximation of

the ODF using the ond order AT is as follows:

2:2+1)!
f(n):ﬁ(l%——( ;,_) AZ] nz-®nj )

In the research:

ond order alignment tensor are utilized to define the material

— the eigenvectors {di}i:LQ,g of the
symmetry axes of SFRC, ie. d* =1

~ ODF f(n) approximated using the 2" order AT is utilized to evaluate direction dependent

elasticity constants of the composite vij . G in material symmetry directions

Material model for SFRC in material symmetry frame

— constitutive relation with the assumption of % ~ 8% leading to linearised hyperelasticity E ~ &

A 7

o 85(0)
~ L=l i.j#i
concrete, isotropic “ ~

3 3
S = L (gl)) = ym) (71 tr(e')) + 205(0)) + 0 (Z Y tr(e L)L + 2 Z GijLis(C)Lj)

TV
fibres, orthotropic

— orientation-weighted orthotropic 4t order elasticity tensor

3 3
“4CO =V (\I@I+2G “*1%) + V) (§ AL L+ 2GY(LI@ Lj)5>
h ~ s inj ij#i

concrete, isotropic

~
fibres, orthotropic

Conclusions

1. Received measuring results proved that both DC-conductivity testing combined
with photometry and X-ray micro-tomography have high accuracy and they can
be applied in defining fibre orientations from real concrete samples reliably

e both measuring methods offer possibilities to improve and develop the manufacturing process of SFRC products

2. Formulation of orthotropic linear-elastic constitutive model for SFRC based on
the orientation state of fibres
e model uses full orientation information of fibres
e model is independent of reference frame

274 order alignment tensor

e material symmetry axes are identified by the eigenvectors of the
e composite orthotropic material constants are assessed utilizing the orientation distribution function of fibres

e formulated constitutive model can directly be implemented into numerical analysing tools

Aforementioned research was possible due to the

or FinLanp - Doctoral Programme in the Built Environment (RYM-TO) sponsored by Academy of Finland and Ministry of Education

School of Engineering



RESEARCH PROJECTS

Fahim Al-Neshawy; Esko Sistonen; Olli-Pekka Kari; Mari Eik; Jari Puttonen
(firstname.surname/a@aalto.fi)

RECENT RESEARCH PROJECT RELATED TO THE COSTACTION TU1404

WANDA (2015-2018). Non-destructive examination of NPP » FE =
primary circuit components and concrete infrastructure. - ~ EEERE
The Finnish Research Programme on Nuclear Power Plant " T | gg
Safety (SAFIR2018). or | | = i
http://virtual.vtt.fi/virtual/safir2018/management.htm e - #

IMPORTANT PUBLICATIONS RELATED TO THE COST ACTION TU1404

Kari, Olli-Pekka (2015). Long-term
ageing of concrete structures in Finnish
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rock caverns as application facilities 08 ey Tt st s oiusel” 90
for low- and intermediate-level nuciear waste. |, oo c;;;ﬁ;*? Lot PSSK F -
. . . . © LIQUID PHASE
Helsinki: 2015. 144 p. (Aalto University y ol onp " ............ oo

publication series Doctoral Dissertations 9/201 Sgeosuee
http://urn.fi/URN:ISBN:978-952-60-6052-1

Sistonen, Esko; Al-Neshawy, Fahim; Ferreira, Miguel
(2015). Ageing Management Platform For NPP Concrete
Structures. IABSE Workshop, Helsinki, Finland, February
11-12, 2015. Helsinki 2015, International Association for
Bridge and Structural Engineering IABSE, pp. 280-287.
http://www.ril.fi/en/international-conferences/past-events/iabse-2015.html

Sistonen, Esko; Mutanen, Petri; AlI-Neshawy, Fahim
(2014). Development of a Database for the Restoration
Mortars — von Konow DB. 1st International Conference
on Ageing of Materials and Structures 2014 AMS'14,
Delft, The Netherlands, 26-28 May 2014. pp. 40-47.
http://www.ams.tudelft.nl/

Eik, Marika (2014). Orientation of short steel fibres in
concrete: measuring and modelling. Helsinki: Aalto University
Department of Civil and Structural Engineering, 2014. 226 p.
(Aalto University publication series Doctoral Dissertations
28/2014). http://urn.fi/URN:ISBN:978-952-60-5592-3

(more detailed in M. Eik et al. posters)

Al-Neshawy, Fahim (2013). Computerised prediction

of the deterioration of concrete building tacades caused

by moisture and changes in temperature. Department of
Civil and Structural Engineering. Aalto University
publication series DOCTORAL DISSERTATIONS 96/2013.
http://urn.fi/URN:ISBN:978-952-60-5203-3
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TAMPERE UNIVERSITY OF TECHNOLOGY

The most important scientific projects of TUT Service Life Engineering of Structures group related to COST Action TU1404

Propagation of Reinforcement Corrosion in Existing Concrete Facades Exposed to Nordic

Climate
Arto Kolio PhD project (2012-2015), arto.kolio@tut.fi

This study develops service life models for assessing the deterioration of concrete structures in real life conditions and their remaining service
life. Finland has 60 million m2 of weather-exposed concrete facades whose maintenance is a challenge both as to its cost effects and the
performance of the entire building stock. The service-life design method presently used in Finland does not consider the entire damage
accumulation process which makes the calculated service life after formation of damage uncertain. The entire service life can be justifiably
utilised by developing a service-life model that includes the damage propagation phase and takes reliably into account the impact of
environmental stressors on deterioration rate.

Papers:
KOlig, A., Honkanen, M., Lahdensivu, J., Vippola, M., Pentti, M. 2015. Corrosion products of carbonation induced corrosion in reinforced
concrete facades. Corrosion Science. Under review.

Kolio, A., Niemela, P., Lahdensivu, J. 2015. Evaluation of a carbonation model for existing concrete facades and balconies by consecutive field
measurements. Cement and Concrete Composites. Under review.

Kolio, A., Honkanen, M., Lahdensivu, J. 2015. Corrosion propagation phase studies on Finnish reinforced concrete facades. Proceedings of the
1st International symposium on building pathology. Porto, Portugal.

Kolid, A., Lahdensivu, J. 2014. Active corrosion time affecting visual corrosion damage in carbonated concrete facades. Eurocorr 2014.
European corrosion congress. Pisa. Italy.

——Tuutti (1982) —e-Li(2004) ——Liu & Weyers (1998) Corbonationof concrete accordingto surface finishing Cover depths of steelbars, Balcony frame
Single measurements 32 676 piece from 653

25 ————fastk=32 buildings

___________________

—#—Brushed " structural limit state
painted,

206 statistical
—e— Exposed

aggregate,

spalling of
concrete

— float-finished 25
in concrete 20 —

15
T m I :| 0o

=
4]

cracking of
concrete

Probabili

statistical
——Balcony slab,
statistical

=
o

Share [%)]

[&)]

damage from corrosion

X 9 X O A% O 41X 0 O (O
Y G YNV AN 5 N N O
GG S S

o

carbonation depth [mm)]

0 5 10 15 20 25 30 35 40 45 50
Time [years]

initiation phase propagation phase time

time [years] Cover depth [mm]

Adaptation to Climate Change in Existing Concrete Buildings
Toni Pakkala PhD project (2014-2017), toni.pakkala@tut.fi

The current Finnish building stock, and built environment in general, has formed quite lately compared to the rest of Europe. The majority of
Finnish buildings date back to the 1960’s to 1980’s. The building stock is regenerating quite slowly, 1-2 % annually, meaning that today’s stock
will constitute a majority of the buildings also 50 years from now. Previous studies have found that climate change has only negative impacts
on the durability and building-physical performance of structures. And since earlier research has shown that the durability properties of
structures are inadequate in many respects, we will need to find means to adapt to climate change in order that the built environment remains
technically usable.

Papers:
KOolio, A., Pakkala, T., Lahdensivu, J., Kiviste, M. 2014. Durability demands related to carbonation induced corrosion for Finnish concrete buildings in changing
climate. Engineering Structures. Vol. 62-63. Pp. 42-52.

Pakkala, T., K&lio, A., Lahdensivu, J., Kiviste, M. 2014. Durability demands related to frost attack for Finnish concrete buildings in changing climate. Building
and Environment. Vol. 82. Pp.27-41.

Durability Properties and Actual Deterioration of Finnish Concrete Facades and Balconies
DSc. Jukka Lahdensivu (2006-2011), jukka.lahdensivu@tut.fi

Finnish multi-storey residential buildings have been built of precast concrete panels since the 1960’s. Half of these buildings, which for the
most part are located in suburbs, were built in the fairly short period 1960-1979. The durability properties and repair needs of existing concrete
facades and balconies are key factors contributing to the technical performance of the built environment and the owners’ economical decisions.
The general objective of this research was to study the factors that have actually had an impact on the service life, occurrence and progress of
deterioration in existing concrete facades and balconies.

This research was based on extensive material from condition investigations of existing precast multi-storey buildings (947) and related
analyses. The key research areas have been the realised durability properties of concrete structures and the actual deterioration of structures
under natural conditions. The results of this research allow developing service-life models for the existing already damaged building stock to
better prepare for upcoming repair needs, both technically and economically, and to allow optimal scheduling of necessary repairs with respect
to the service life of an existing structure.

Publications:
Lahdensivu, J., Mékela, H., Pirinen, P. 2013. Corrosion of reinforcement in existing concrete facades. In de Freitas, V. P., Delgado, J. M. P. Q. G T
(editors) Durability of building materials and components, Building pathology and rehabilitation 3. Berlin. Springer. Pp. 253-274.

Lahdensivu, J., Varjonen, S., Pakkala, T., KOlig, A. 2013. Systematic condition assessment of concrete facades and balconies exposed to
outdoor climate. International journal of sustainable building technology & urban development. Vol4:3 Pp. 199-2009.

Lahdensivu, J. 2012. Durability properties and actual deterioration of Finnish concrete facades and balconies. Tampere. Tampere University of

Technology. Publication 1028. Doctoral Thesis. 117 p + app. 37 p.
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Effect of Interacted deterioration on concrete performance
In cold environments (DURAINT Project)

Markku Leivo (Dr. Ing. — markku.leivo@vtt.fi) - Miguel Ferreira (PhD — miguel.ferreira@vtt.fi)
VTT Technical Research Centre of Finland Ltd.

Kemistintie 3, Espoo, P.O. Box 1000, FI-02044 VT

Scope & Goals
A VTT project in cooperation with University of Aalto. The
overall objective of the project was to evaluate the effect of
Interacted deterioration on the durability and service life of
concrete structures.

It was expected that coupled deterioration is different for
concretes with different binding materials. That is why
concretes with added BFS or FA were also included as well
as cements mixed with some BFS (CEM IlI/A-M(S-LL) 42,5
N/R and CEM II/A-LL42,5 R). BFS and FA were also
iIncluded because they are used In Finland as additions
when appropriate, e.g. to diminish hydration heat
development, as well as to facilitate sustainable construction.

A desired service life closely linked with sustainability is
always considered in the first place, and especially in
aggressive environments including both carbonation and salt
exposure.

The study focuses on the following combinations:
- carbonation and freeze-thaw (effects on internal damage
& moisture)
- carbonation and freeze-thaw + salt (affects on scaling)
- carbonation and chloride
- freeze-thaw and chloride (affects of internal cracking on
chloride penetration)
Cycles and inverted procedures also used
- I.e. carbonation-freeze/thaw and freeze-thaw/carbonation

Project structure

(

WP4:.
Degradation
models w/

WP1: WP2: WP3:
State of Long term Lab. test
the art field test w/interaction

WP5: WPG6:
SL models International
)

w/interaction co-operation
)

. Finland

Mixtures and materials

- WD goctive = 0.42 t0 0.60 (W/(cem+2SF+0.8BFS+0.4FA))
- 3 Finnish cement (CEM | or Il 42.5), 217 to 450 kg/m?3.

- Slag (up to 50%), fly ash (up to 25%) or silica fume (4%)
- Normal Finnish granite aggregate

- Compressive strength up to 60 MPa.

Approximately 40 concrete mixtures, representative of
Finnish practice. A few mortar and pastes mixtures, for
detailed studies. Mainly air entrained bridge concretes, some
with no or inadequate air-entrainment. Including 6 air
entrained fagade or balcony concretes.

Some results: carbonation on plain freeze-thaw (internal
damage): 50% BFS & varying air content
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Some results: carbonation and chlorides

Carbonation depth [mm]
at 4% CO2 56 days

12

SRO5A2

R-BFS05A2

R-FAO5A2

B Carbonation only (no ClI)

7,5

9,5

10,7

7,0

10,2

Carb.+Chl. (non-exposed side)

7,3

6,8

10,8

6,8

8,0

B Carb.+Chloride (exposed side)

0,2

43

8,6

4,2

43

Laboratory testing

- Fresh mix properties (air content, AVA)

- Compressive strength (28, 90, 365 days)

- Freeze-thaw (Slab Test: CEN/TR 15177),
scaling & internal damage

- Chloride ingress (NT Build 492 ),
Ponding (profiles)

- Carbonation (EN 13295:1 & 4 % CO2;
RH 60 %;T=20" C, sealed)

- Polished thin-sections microscopy

O :

COST ACTION

ESF provides the

COST Office through a

OUNDRTION =7

ropean Commission contract

Main results

« Effect of aging on freeze-thaw scaling is remarkable -
carbonation has a negative effect with all binders. Effect
of severe drying during carbonation test is a question.

« Effect of internal freeze-thaw damage on carbonation and
chloride migration was much lower than expected

- Effect of carbonation on chloride migration is large

« Effect of chlorides on saturation degree in high humidity is
large (water 65-75% with chlorides 85-98%)

* Interacted deterioration parameters can have remarkable
effect on service life of concrete structures

 New knowledge acquired for material and product
development

COST is supported by
the EU Framework
Programme

coCcost

EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY




EARLY-AGE BEHAVIOR OF REINFORCED
CONCRETE STRUCTURES

Farid BENBOUDJEMA

Laboratory of Mechanics and Technology, ENS de Cachan,
FRANCE
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Experiments

ANR ECOBA PROJECT
(Massive mock-up) tested

Biaxial creep testing with Digital
Image Correlation analysis

at GeM (Nantes, France)

DIC analysis of cracking around aggregates
due to shrinkage restraint

4D16

0.10

déplacements (px)

—-0.2

Displacement Ux [mm)]

f

1500 1200 900 600 300

Displacements field (DIC) without (left) and
with Teflon (right) to get rid of edges effects

).4
0 1400 1200 1000 80O 600 400

S
616426
0

camera

Numerical simulations

-los
f

7

¢ Das

2

! computer for numerical

data acquisition

gl specimen

balance

Lagier et al., Engineering Structures, 2011

Briffaut et al., Construction and Building Materials, 2012

Microstructure modelling

Evolution of hydration in cement paste

Use of a « forest burning » type algortihm to

extract the load bearing part of the microstructure
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Prediction of the Young modulus evolution

(without fitted parameters)
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Stefan et al.,, Computational Materials Science, 2010

Self-healing Numerical simulations
water-treatment plant _ _ _
Constituve equations Nuclear containment
Hydration (thermo-activation) ~
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: — (§T) - CaEiIIary \ [ Micro-porosity
/ : _ i ke (S, i_ O ore .
\ 4 <\ 4 rbcgbc+(rbc kti)c(é:,T)—l_ljgbc k;c(f,T) : ‘\ 2. //
=\ e
5 =17,,(&, T )éy 11 g
o an(é )8bc /f . q\thydrated
- -8 Hydrates : t Cement
e D hanics and coupli
IAD:reconstrichion ] / ] 0 : amage mechanics and couplings
of cracked sample = 6 =E(E)L- D)(é - Zé‘.j
Cracking at early-age and 8= (8 + o). (B + Bouc).
progressive self-healing and shrinkage, drying, etc.
Briffaut et al., Engineering Structures, 2011
Hilaire et al., Nuclear Engineering Design, 2014
ACKNOWLEDGMENTS:  Matthieu BRIFFAUT Fabien LAGIER Kelly OLIVIER

Aveline DARQUENNES
Adrien HILAIRE

Ahmed LOUKILI
Georges NAHAS

Emmanuel ROZIERE
Lavinia STEFAN

IRSN

INSTITUT
DE RADIOPROTECTION
ET DESURETE NUCLEAIRE

1404

COST ACTION




Early age mechanical behaviour of concrete ‘. irstar
BOULAY C. - RAMANICH S. - BABY F. - TOUTLEMONDE F. - TORRENTI J.M.

Autogeneous shrinkage

Autogeneous strains Setting time determination:
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Team RV
Risks & Structures Vulnerabillity

Multi-scale and Multi-physics approaches for analysis of the
vulnerabilities and the materials used in the structure by
experiments and modeling

goals :

Major themes:
- Geomatrials under severe stresses
- Structures under seismic loading

" Experimental \ " Numerical

~\

Scale 1:
Connection

- Structures under impacts or explosions

- Thermomechanics of concrete and
structures

Scale 2:

Cell

- Transfers In cementitious materials
- Delayed behavior and aging

Scale 3:

Wall

Some applications:
- Infrastructure vulnerability under extreme loads
- Parasismic wood-frame buildings

Structure health monitoring

Deep drilling in hard rock

Knowledge:

- EXxperimental mechanics
- Dynamic Experimentation Platform
- Rapid imaging and field measurements
- Triaxial tests under extreme stress
- High temperature experiments

- Numerical modeling and developments
- Coupled models of damage and plasticity

- Discrete or continuous mesoscopic
models constructed from tomographic
Images

- Multiscale modeling and multi-domain
coupling Finite Element and Discrete

Elements
1-Presse G!QA

Researchers:

J. Baroth, M. Briffaut,

L. Daudeville, F. Dufour,
P. Forquin, S. Grange,

Y. Malécot, P. Marin,

J. Mazars, E. Ouedraogo
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E.Piotrowska, M. Tatin,
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Zhao

Laboratory Sols, Solides, Structures , Risques
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38041 Grenoble cedex 9
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http://www.3sr-grenoble.fr/

Multi-physical approaches (THMs) and delayed
effects in the analysis of sustainability

Represented by : M. Briffaut (co-leader GP2c)

Major themes:

- Experimental study of concrete cracking
sensibility of early age massif structrues

- Numerical modelling of early age
behaviour of massive structures

- Mesosopic simulation to emphazise early
age and drying behaviour particularity

- Massive concrete structures monitoring

Some applications:

- Early age cracking of tunnel
reinforcement

- Early age cracking of massive wall
- Leakage throught a crack prediction

Ring test with
rebars and
construction joints

Ring test after casting

/

Knowledge:
- Experimental mechanics
=34FeR sl O vena %\ T,
. e layout of gm0 R R AR AR
- R|ng test 2.00 cracking b ¥ s ﬁlf &W‘M Fi\:}\f\\\ﬁh{\ﬁ A
‘- 3.00 pattern ’,mll g H%x( R \ ST .\‘f“\.v"ﬂ.‘,‘;.uw.ﬁ?%
» - Permabillity test o I Blinn |
- Interface shear test A
- Numerical modeling and developments
- Coupled modelling between damage p | i :
and permeability
Researchers: - Continous mesoscopic modelling
= aleb L el build from tomographic images or
Dufour, Y. Malécot,
J. Mazars granular curves Pecmeabily vs COD
R s - Chemeo thermo mechanical 7
PR modelling of structures : e
M. El Dandachy, 9 %10 e
.Kammouna, M. Tatin, E. g e
Stavropoulou . \ 4 |
; p "\’\‘ _'"g%]:)o.oa)
- . } T (ksi=0.06)
0.62 0.04 C(O)([)g - 0.08 0.1 0.12

1. [Briffaut et al. 11] A thermal active restrained shrinkage ring test to study the early age concrete behaviour of massive
structures, CCR.

2. [Briffaut et al. 15] CMS Workshop “Cracking of massive concrete structures”

3. [El Dandachy et al., 15] Numerical coupling between damage and gas permeability for concrete applied on a 3D
splitting test, Coupled Problems

4. [Briffaut and Benboudejma, 13] Numerical analysis of cracking induced by drying shrinkage in concrete using a
mesoscopic approach: influence of aggregates restraint and skin effect, Concrep 8.
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Durabllity Aspects Early age behavior modeling
- Gaz permeability, _ |
- Chloride diffusion, - Autogenous, drying, thermal shrinkage
- Water porosity, - Relaxation and creep
- Carbonation - Early-age cracking
Experimental characterization and predictive

models

TH_HYDR_TEMP_TEMP (56/167) z
44 67.9

Hydration e

- Hydration kinetics,
- Hydration/drying coupling

Short and long term properties of
—= = =7 — concrete

- Mechanical properties
- Relaxation and creep

5 [m3.m-3]

0 time [s] = 2.81e+05
¥

L [m]

@ C3S-C3A clinker + 3% calcium sulfate

¢ C3S-C3A clinker + 8.86% calcium sulfate

A C3S-C3A clinker + 21% calcium sulfate

A C3S-C3A clinker + 3% calcium sulfate + 4% CaCO3

60 - B C3S+C3A blend + 3% calcium sulfate
: pE:
a 50 1
=
c
5 40- hd
C
g FEE
®» 30-
]
> HE
7))
E i
a -
% 10 | -m=—
O lw kﬁ— II—ﬁ-|
0+= -

0.3 0.4 0.5 0.6 0.7 0.8 0.9
gel-space ratio

Contact: arnaud.delaplace@lafarge.com
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EFFECTS OF TEMPERATURE AND MOISTURE
ON THE FRACTURE ENERCY OF CONCRETE

Hatem KALLEL?!, Héléne CARRE?, Christian LABORDERIE?, Benoit MASSON?, Nhu Cuong TRAN?3

f" s,ame ISIAME EA-4581, Université de Pau et des Pays de |'Adour, France EDF = Y

. 2EDF, SEPTEN, Villeurbanne, France SEPTEN - Groupe Genie Civil
“m EDLXETTS'DTEE 3EDF R&D, MMC, avenue des Renardiéres - Ecuelle, 77181 Moret sur Loing Cedex, France eéézefflfg.,f:ef!;f;w.
P2 OF LADOVR * Corresponding Author, hatem.kallel@univ-pau.fr

¢ CONTEXT >

This main scope of this study is to improve the knowledge of the hydro-thermal behaviour of In the event of severe accident:
concrete. The main application concerns the containment chamber of nuclear power stations in % Temperature up to 160 ° C
order to predict their behaviour during severe accident. Thus, it is necessary to know perfectly the ¢ Pressure up to 5 bars
evolution of the thermal and mechanical properties of concrete under temperature and relative s Water vapor saturation

humidity controlled conditions.

<« OBJECTIVES > oo

The main objective is the determination of the mechanical properties and mainly G; (fracture energy), > &
under hygrothermal controlled conditions. The principal encountered difficulties are : the balance
setting of samples at different degrees of saturation and Gf measurements under pressure. In view of
carrying out pressure tests later in the study and of minimizing the sample size and the volume under
pressure, a very compact test was selected to measure Gf: disk-shaped compact tension (DCT) test.

Temperature: 30° C,90° C,110° C,140° Cet160° C
Degrees of saturation of concrete samples: 36%, 52%, 68%, 95% et 100%
Pressure until 5 bars

< DEVELOPMENT OF THE EXPERIMENTAL DEVICES (G, MEASURES ) AND SAMPLES BALANCE SETTING >

DCT-TEST (DISK-SHAPED COMPACT TENSION TEST)

Choice of the DCT test :

< Compact test Comparison with 3 points bending test L
 Valid choice In anticipation of the tests under pressure /B F LVDT sensor
*» Necessity of some adjustments since this test is not ﬁ Rollers _'. |
commonly G; (N/m) 219X Opening notch
“employed for G; measures ‘ 3 points bending test| 65,5 Specimen ransducer

‘ DCT-Test 69,6 Helmet

diameter : 15 cm
thickness : 5 cm

T 1

Validation of the DCT-Test in order to measure Gf

REGULATION OF TEMPERATURE AND RELATIVE HUMIDITY SAMPLES BALANCE SETTING

Hydraulic press

Development of the equipment to control temperature and relative ~ Use of salt solutions:

av Bl |
| =i
Climatic chamber | ‘ " [ ! '-“ li humldlty during DCT tests: “* Sealed plaStiC containers that contain
“ ” e < Sealed box that surrounds DCT test device samples and saturated salt solutions
1 || < 2 sealed sheath that link the climatic chamber and the % Some containers are placed at60” C
f‘ /j’ sealed box in order to accelerate the balance setting
< [Fan to homogeneize the temperature inside of the sealed Ty SRS 1 2 3 A
box o _ . . Potassium | Potassium | Potassium | Potassium
Temperature gap lower than 1~ C and relative humidity gap Salt solutions chloride nitrate sulphate | sulphate
QUIE . & %ol Hne e Temperature (°C) 60 60 60 20
e Theoretical R.H. (%) 81 85 95 08
Measured R.H. (%) 83 93 98 08

RESULTATS D'ESSAI >4

SAMPLES SETTING BALANCE DCT TEST RESULTS AT30° CAND90" C

Time (days) 3 Opening notch A Gyzo = -46.16S,, + 106,59
0 50 100 150 200 250 > s Displ t< of the Roller 100
o 8 ’ D?SleCEIHEII SDf hehﬂl ers . .. Goo= -41.97S,, + 103,27
1 ) =—LU15D acements ol the helmets — A A
<z 2 _ \
o o ~—20°C-98% RH | % —Displacements ofthe inner hydraulicjack | g g \x ® o
S ¥1,5 > A —
S5 .5 —~—60°C-98%RH | ¢ < - T~ N
7 = Uh
5 . T *— _860°C-93%RH||* 11
= -3 60 ° A
g e +-60°C-83%RH | 0,5 - 430°C A
= ; 7 e90°
5 - N | 10 |
0 0.1 0,2 0,3 0.4 0,5 0,6 0,7 0.8 30 40 50 60 70 80 90 100
-6 Displacement (mm) Sw (%)
Environment 1 5 3 ) Different displacements measures are taken during the tests to highlight results consistency. The most reliable
Degree of saturation | 36 % 52 04 68 % 95 % measures are taken by the rolls displacements, corresponding to the force application point. It is noticeable that
displacements provided by the press jack transducer, give also a good evaluation of the fracture energy. This
Sample preparation allows to test samples at four different consideration is interesting in the perspective of the tests under pressure.
levels of degree of saturation from 36 to 95 % that are Tests results show that fracture energy decreases as degree of saturation increases . This trend is linear between 36
representative of concrete states in a containment chamber. and 100 %.

< CONCLUSIONS AND PERSPECTIVES 4 %%

This study resulted in the determination of the fracture energy evolution depending on temperature and water degree of saturation of the concrete (S,). The conditions during the tests
were: two temperature (30 ° C and 90 ° C) and five different degrees of saturation varying from 36 to 100 %. A reduction of the fracture energy with the increase of the degree of
saturation has been highlighted.

This study will be developed by performing tests in different conditions of temperature and relative humidity. Furthermore , numerical simulations has been carried out by means of two
softwares Cast3M and Aster with the finite elements method. These simulations will allow to highlight the influence of the determined properties on the behaviour of the concrete structures.
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THCM modelling for the assessment of L e
large concrete structure service life INSA

L.m

toulouse

\_
TOULOUSE
Laurie BUFFO-LACARRIERE*, Stéphane MULTON , Alain SELLIER, Jérome VERDIER, Thierry VIDAL
h)enTlgslrc;s.&gg *For more information: buffo-lacarriere@insa-toulouse.fr, +33 5 61 55 99 07
NB / ®
. . ~‘~ - | | Mefisto - I
Parternership ANDRA VINCI K 8 | GRANDSPROJETS o Wy : Macena CEOS.FR CMS
€eDF | B Mosaic TU 1404 nilEm
Thermal behaviour Hygral behaviour Degradations Hydration
= Strong coupling with chemical = Strong coupling with chemical = Effect of high = Multiphasic hydration model
evolutions evolutions temperature on paste for blended cements
- ... hemical iti : _
= Specific boundary conditions " Temperature effects on water S et " Chemical evolution in the long
VG exchanges = Leaching or acid attack term (changing stoichiometry)
NORD : <] >

- 800
0,4

- 600

0,2

Specimen subjected to
calcium leaching
(blue zone = decalcified)

400

"-\";' PR N et
o ek o - SO/ 3 '.,-,?‘-\ 3
PP\ R
Soativaty AN <::"> 9 =
ol ST SN H.: 2 concrete’.,1
PS5 o A
DR N T £
1V o7 i & -

] i \ N
siconcrete s

0 100 200 300 400 Temps (h)

A s P 7
s RIS, CL AT
N R

o B

formwork

Hydration degree for components of the
blended cement (clinker, SF and slag)
Calcium hydroxide content

2000 o Exp-20°C  ----Model - 20°C

1800 = Exp-50°C —Model - 50°C e
ree . L s amage - Crackin

1600

CEMI

=" Non linear visco-elastic =" Anisotropic damage model with crack reclosure

model

Basic creep strain (um/m

= Volume effect (strength depends on the loaded volume)

= Coupling with chemical
variations

crack

= Coupling with hydration

C-S-H

(hyd ratlon/degradatlon) C-S-H Inter layer Viscous displacement Hydration
limitation for a given » voids
- Cou pling With Non viscous phase creep site /\
temperature (activation . A & i y : [_] Increase No variation
e . S e ! 4 :
and thermal damagE) Free initial state Instantaneous Interlocking Creep induced : Rteq " of solid of crack
elastic strain damage process . volume volume

Poromechanics RC behaviour

" Intra-poral pressures applied
on rheological model
(shrinkage, AAR, DEF)

" Modelling of steel-concrete
bond

= Effect of hydration on bond properties

LONG TERM
Nuclear Reinforced concrete structures In-service behaviour and effect of B et
ower — Influence of reinforcement nuclear accident BlTERR CEERE N
zlants on cracking pattern —> Dessication creep - e
” ™~
—> External-internal restraint — Effect of high temperatures e
Massive structures with low- Storage disposal in deep geological
Nuclear .
pH concrete formations
waste _ _ o
storage —> Early age behaviour of low- —> Impact of chemical variation in the
pH concretes long term
Massive structures , , =N
Dams , Swelling reactions
: — Concreting sequence , ?
Bridges | e — Poromechanics for AAR and RSl
— Material variability e
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Creep of early age concrete under constant and variable stress
Wibke Hermerschmidt, TU Braunschweig iBMB/MPA

Motivation Experimental program

: : : : loaded
» Early age concrete shows intense viscoelastic behavior that R S

: teel f bl head
has great impact on stress and crack development e — Eee &l - e e e e

in temperature- ]

— [

» Usual tests are carried out under constant stress, but in real controlled mould ™~ ) load
: : : cell

concrete members stress varies with time embedded H H

« Applicability of superposition principle has been shown for I EETEEE |

hardened concrete, results for early age concrete are rare I

mbedded strain gaug

<>

4 4 * Temperature stress testing machine (TSTM) allows
Investigation of viscoelastic behaviour at very early ages

» Creep tests under constant stress
— describe influence of hardening process on viscoelastic
> > .

- : behaviour
i ! — calibrate rheological model
experiment: constant stress reality: continuously * Creep tests under variable stress
changing stress — check applicability of superposition principle
Rheological modeling approach T 0 0 O A
« Basic idea: generalized Maxwell model, 4 Maxwell units + 1 spring in parallel,
aging parameters E; E; E; E;
E
- Constitutive equation ol
So Ro 935 o De 52 53z e () na() I na(t) na(p)H
dpro+ay-—+as- 2+.Ei3 3+¢':!4 4—b0-<€+b1-—+b2 2+b3 3+b4 YY)
BN N Ci i o R e i L N O O O O O
where &...as = f(Ei,ni)  bo... ba = f(Eij, ni) N\
(solved numerically using MATLAB ode23s solver) Eo(t) = f - exp (fz - (t_k) ) E, = const.

» Creep tests under constant stress are used for parameter fitting o
 Differential model formulation allows efficient implementation into numerical simulations #7;(t) = ds, - (—) , i=1..4

Creep under constant stress Creep under variable stress
) 65% f
21 : ! ct7d,

15F |

1p01= 8% ks | . 75904
_ _ _ 0.5} | —B 50% 01
Iodding a;qe: 3 d 0

21 2 0.1l

stress [MPa]

Iodding aée: 2 d

strain [%o]

creep compliance [MPa™]
creep compliance [MPa™]

© O O
H O 0

O
N

Iodding aée: 7 d

Iodding age: 4 d

oAz s 14 21 28
concrete age [d] concrete age [d]

=
—_—

© O O O
O N A OO 0O A

o

strain [%o]

* Creep tests with different loading ages show that the
viscoelastic potential decreases with increasing concrete age

o

=
—_—

* Rheological model is able to decribe this behavior adequately
through continuously aging parameters

strain [%o]

oL model
St |wg% Technisch : : ' '
£ ot IBMBWA R 7 >

Research institution: experiment |

O .
ol Braunschweig
sc¥

concrete age [d]

TU BRAUNSCHWEIG

« Comparison of different stress histories shows the influence

Contact: w.hermerschmidt@ibmb.tu-bs.de . . : .
of preloading on creep Iin following loading phases

Financial support:

Deutsche * Good agreement of model and experiment indicates validity
DFG Forschungsgemeinschaft of superposition principle for early age concrete
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Influence of fine Inert mineral additions on the hydration kKinetics
and the microstructure development of cement paste

Hans-W. Krauss, TU Braunschweig IBMB/MPA

The use of fine inert mineral additions In
conrete — motivation

* Rheology is controlled by
small amounts of additives

w/(c+f) = 0.45, fic = 0.05

* Due to the high specific
surface a significant impact
on hydration kinetics Is given
(enhanced filler effect)

shear stress t [Pa]

cement (100%)

ultrafine quartz powder
ultrafine limestone powder
natural ultrafine clay powder

* In contrast to reactive SCMs o @ 0 w0 10
inert additions are available shearrete 7115
worldwide, i.e. limestone, quartz and clay powder

=>» Potential for a new, robust and economic method for the
control of fresh and hardening concrete’'s properties

Hydration kinetics — principal findings
* The early age hydration is accelerated (see figure)

Materials

 Cement: OPC 42,5R (abbrev.: C)
Additions: 4 limestone powders (LS), 3 quartz pow. (Q)
3 clay pow. (CL), fly ash (FA), silica fume (SF) SgZZropys

« Paste/mortar mix compositions: f/c = 0 — 0.20,
w/(c+f) = 0.30 — 0.50, no superplasticizer

 Climate conditions: sealed, T =10 -40°C

Methods

« SEM, BET, laser diffraction, zeta potential,
sedimentation, water demand, particle packing

* |sothermal calorimetry, non-evaporable water,
XRD, thermoanalysis, strength, MIP

Microstructure development
» The pore size distribution is altered by fine inert additions

* The fineness and the zeta potential are the dominating
factors for the hydration kinetics - particle agglomeration
and allocation in the fresh system - nucleation effect
(weak agglomeration: Q, FA; strong agglomer.: LS, CL)

- lower medium capillary pore size (see flgure)
-~ more homogeneous RPN RS
microstructure

- The specific CH amount of the £
total hydration product volume !

» The reacitivity of the additions has no significant impact | = O
IS not significantly altered

ot C(lOO%) 8h. w =25 um “Ls ( (10%), ), 8, w = 25 um |

wi(c+) = 0.40, fic = 0.05 Even small amounts (5%) of fine

¢ (100%) inert mineral additions lead to: - Cement paste and mortar .,

strength are determined | oo
by the ,effective” w/c ratio =, i te-0t0
and the substitution rate :

w/(c+f) = 0.40, 28d

N
[ ]

1) An earlier and shorter
Induction period

2) A stronger acceleration of
hydration at very early age

Temperature [°C]
8]
%)

* The ,gel/space ratio* -
concept (Powers) isvalid .,
for strength prediction

pore volume (%)

K
—a

3) Pronounced secondary peak
(followed by a stronger

12 16 ' deceleration)
Hydration time t. [h]

pore diameter (pm)’

Model for the impact of the inert particles on hydration kinetics and microstructure

* The agglomeration behaviour and the allocation of the particles/agglomerates
In the fresh paste depend on the fineness and the zeta potential of the particles

(0) cement grains (1) cem. grains  (2) cem. grains with
without additional with agglom. weakly agglom.
inert particles inert particles inert particles

 Particles with low zeta potential are strongly agglomerated (- low effective

specific area) but at the same time they are suitable as nucleation sites sub- gf‘zt:rl Q) (:5
strates for the precipitation of hydration products = high acceleration effect (1) y

age

 Particles with high zeta potential are weakly agglomerated (= higher effective
surface area) but at the same time they are unsuitable as nucleation sites or sub-
strates for the precipitation of hydration products = low acceleration effect (2)

al ea > ao ea al,ea> a2,ea > CZo,ea

. _ mature
» Particles located close to the cement grain surfaces cause a stronger paste

acceleration and a denser hydration product layer at the cement surface (2)

- hindered ion diffusion and thus slower subsequent cement hydration

- higher hydration degree at early age, with the difference becoming smaller with time
—> mature paste with increased porosity / heterogeneity (see figure, system (2) compared to systems (0) and (1))

o‘«u“'&

‘32 Technische
< v 2 . ° g e
Uiﬁ %> Universitat
L) (< o
##4|% 45 Braunschweig

scl""X

MY A

TU BRAUNSCHWEIG

Conclusions and outlook

« Cement hydration kinetics can be controlled by small amounts of inert or reactive mineral
additions, the main parameters being the surface charge (zeta potential) and the fineness

7,
o

* The combined effect on microstructure and hydration kinetics is explained by the model

* The prediction of the zeta potential and the effective specific surface considering the
particle agglomeration is very challenging due to the strong influence of the pore solution

COST is supported by
the EU Framework
Programme

Contact:
h.krauss@ibmb.tu-bs.de
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Nano-engineering and Characterization of Cement-Based Materials and
Development and Testing of CBMs and Structures

Sharali Malik, Staff Scientist, Institute of Nanotechnology, Karlsruhe Institute of Technology, Germany.
sharali.malik@Kkit.edu
Felicite M. Ruddock, Senior Lecturer, School of Built Environment, Liverpool John Moores University Liverpool, UK.
F.M.Ruddock@I|mu.ac.uk

Abstract

COST Action TU1404 — Towards The Next Generation of Standards For Service Life Of Cement-Based Materials
And Structures is an ideal opportunity for the Institute of Nanotechnology (INT) at Karlsruhe Institute of Technology
(KIT) in Germany and the School of the Built Environment at Liverpool John Moores University (LIJMU) in the UK,
together with COST Action TU1404, to develop new concepts and products. This will be accomplished via COST
networking activities such as meetings, workshops, conferences, training schools, short-term scientific missions
(STSMs) and dissemination activities.

Nano-engineering of cement materials s s
- Nancengineered concrete > | |

+— High-strength/high-performance concrete — 2oy PN

+——— Conventional concrete ——
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TEM of Nano-Fe,O5 synthesised
Particle size (nm) at INT-KIT.1

| 10 10 1.000 10.000 100000  1.000.000  10.000.000 100.000.000

Nano-engineering, or nanomodification, of cement is a quickly emerging field.
Synthesis and assembly of materials in the nanometer scale range offer the
possibility for the development of new cement additives such as novel
superplasticizers, nanoparticles, or nanoreinforcements. Nano-Fe,O, has been
found to provide concrete with self-sensing capabilities as well as to improve its
compressive and flexural strengths

Carbon nanotubes/nanofibers (CNTs/CNFs) are potential candidates for use as
nanoreinforcements in cement-based materials. Their electrical properties have
been used for Traffic Flow Monitoring which is critical for traffic management and
operation.

.
E_ 3 e

SEM of CNTs fabricated at INT-KIT
bridging a micro-crack.?

Research at LIMU’s School of the Built Environment includes a Concrete Laboratory which is equipped for testing wet
and hardened concrete using destructive and non-destructive testing methods. This laboratory Is also equipped for
generalised work on construction and highway materials.3
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Generation of mesoscale geometries for concrete using EDMD

: : B 3 10° @ striker bar incidﬁt bar specimen transmission bar
L : : 104 e particle collisions wall collisions |
= 0.8) | . 3 o A
(O] I . D
8 06| RSAN" =10°| g —
7 —RSA N¥' =106 | 1102 3 vo
g 041 __EDMD Eay 1 Z | . . . - . .
3! 10! Fig. 9: Setup of a Split Hopkinson pressure bar experiment for the determination of material properties
o 027 - 100 S under high strain rates.
0 .- 1 E . . . . .
05 06 o6 o7 = » Simulation of impact with standard contact formulations can lead to
particle volume fraction ¢ artificial numerical oscillations
Fig. 1: Maximum particle fraction and computational ~ Fig. 2: Event-driven molecular dynamics (EDMD) sim- » Rate dependent material models are sensitive to this oscillations
effort using RSA and EDMD for a box size a = 5 d,jax.- ulation with moving, growing and colliding particles.

1. Reformulate the equation of motion with constraints into explicit equation

| o | =M 'Ku+ M *MY’BtTGM 'Ku
» Grading curve or concrete is simulated numerically by spheres

o . B:=GM™'/?
> Placement of particles either by Random Sequential Add (RSA) or
by Event-Driven Molecular Dynamics (EDMD) 2. Regularize the instantaneous change of velocity by a smooth function
» Advantages of EDMD 3. Use a higher order time integration scheme for the explicit equation in
1. Higher particle fractions combination with spectral elements for the spatial discretization
2. Better FE-meshes due to increased minimal distance between particles wl L e —— ]
— Specimen
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Fig. 3: Mesoscale geometry of a cubic Fig. 4: Cylindrical specimens with 7363 particles, ¢= 0.7. RSA 1 1 1 1 1 x x x | | | | |
specimen (a=80mm) with a maximum par-  stopped after 2475 particles. Black particles represent the additional 001 02 03 04 05 06 07 08 09 1 11 12 13 14
ticle size d,,,,, = 8mm. volume fraction that can be added using EDMD. t [sec] 1073

Fig. 10: Comparison of the stress evolution in a SHPB-test for smoothed and standard contact models.
- J v,

Multiscale modeling using FE2-X1
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Fig. 5: Acoustic emissions and inelastic strains during ~ Fig. 6: Multisurface (visco-)plastic Drucker-Prager E_EO.4 EEO.OOZ
a fatigue test under compression. model in the effective stress space. B
i Eo.z & Eo.om
» Creep and fatigue are simulated with the same model using i 0.90907
Initial crac
viscoplasticity combined with damage
» Evolution of viscoplastic strains
X3 \ U —1 _ — integration points with dam-
€ e A pC . (0' — P) aged fine scale model
- n
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. . . . . . . . 2_ 1
» evolution of damage Fig. 11: Three point bending test simulated with the multiscale approach FE*-X
1 ) ( » evolution of stresses » Combined » Damage evolution
mage-plastici riven by nonlocal
o= (1-w)D (e — P da age.pastcty d ? by no oc.:a
0 model with equivalent plastic
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Fig. 7: Comparison of exp. and numerical results un- Fig. 8: Evolution of inelastic strains for creep and fa- Seq .
der triaxial compression. tigue with the same mean load level. b +R I
V.M. Kindrachuk, M. Thiele and J.F. Unger,Constitutive modeling of creep-fatigue interaction for normal J.F. Unger,An FE*-X' approach for multiscale localization phenomena. Journal of the Mechanics and Physics
strength concrete under compression. International Journal of Fatigue, accepted for publication )L of Solids, 61(4):928-948, 2013 )
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Hvdration Equi

BAM Federal Institute for Materials Research and Testing

Division7.4: Technology of Construction Materials
Contact: wolfram.schmidt@bam.de | hans-carsten.kuehne@bam.de

Rheology

Device

Type of test

Material type

Output

Rheometer 4-SCC

Concrete rheometer

Concrete and mortar

G-Yield [A] and H-Viscosity [As],
correspond qualitatively to yield
stress and plastic viscosity.

Schleibinger BT2

Concrete rheometer

Concrete and mortar

Yield stress and plastic viscosity
related qualitative values

Viskomat NT

Paste and mortar rheometer, cell: paste, fine mortar, coarse mortar,
small, medium, large ball cell, Vogel cell

Paste and Mortar

Yield stress and plastic viscosity

(Vogel cell) or correlating values.

Anton Paar MCR 501

Fluid and paste rheometer

Fluids to fine mortar

Yield stress/plastic viscosity

EN 12350-2: Slump test Slump test Concrete and mortar Height change
EN 12350-3: Vébé test Compaction under vibration and load Concrete and mortar Time

EN 12350-4. Compactability |Compactability Concrete and mortar Height change
EN 12350-5 - Flow table Flow diameter Concrete and mortar Diameter

EN 12350-7: Air content Pressure vessel test Concrete and mortar Air volume

Air void analyser

Fresh concrete drilled out sample, air is released to hydrophobic fluid
and a buoyancy balance measures the rising air bubbles vs. the time

Concrete, Mortar, Paste

Air volume and air pore size
distribution plus spacing factor

EN 12350-8: Slump flow

Spread diameter

Concrete and mortar

Diameter

W\

EN 12350-9: V-funnel

Funnel efflux time

Concrete and mortar

Time

Efflux funnel flow test
(DAfStb)

Efflux funnel plus flow table in one device

Concrete and mortar

Time plus diameter

EN 12350-10: L-Box

Filling ability test

Concrete and mortar

Height difference

EN 12350-11: Sieve
segregation resistance

Sieving out of particles larger than 5 mm in fresh concrete

Concrete

Mass difference

Segregation column

Filling of concrete, washing out of coarse components after setting

Concrete and mortar

Mass difference

EN 12350-12: J-ring

Flow test with obstacles

Concrete and mortar

Air volume

Large scale obstacle flow
box (350 | of concrete)

350 | of concrete are filled into flow box with various obstacles, a
camera on top and from the side observed the flow process.
Specimens can be cut after hardening to observe segregation

Mortar and concrete (max
8 mm)

Flow behaviour

Haegermann cone plus table

Flow under lifting and dropping of a plate with a mortar sample. Can
also be used for flowable types without lifting and dropping

Paste and mortar

Diameter

Wuerpel-Device

Plastic fresh mortar quare is deformed rhombically. Force and
distance can be correlated

Paste and mortar

Force plus deflection

high shear mixer (150I)

LCPC box Flow channel Mortar and concrete Distance
EN 13395-2: Flow channel Flow channel Mortar Distance and time
Torque controlled Eirich Mixing energy observation Paste, mortar, concrete Torque

Setting and early hydration of cementitious system

Manual Vicat devices Needle penetration Paste and mortar Time
Automatic Vicat device (11 | Needle penetration Paste and mortar Time
slots)

Automatic Vicat device (6 |Needle penetration Paste and mortar Time
slots)

Shrinkage cones Laser measurement od distance of specimen from zero line |Paste, mortar, concrete | Deflection
TAM Air isothermal heat Isothermal heat flow measurement Paste and mortar Energy
flow calorimeter

Fully adiabatic concrete Fully adiabatic measurement of the temperature rise. Paste, mortar, concrete | Temperature
calorimeter (8 | volume)

Ultrasonic devices Ultrasound signal runtime Paste, mortar, concrete |Time

Acoustic emission

Counting of number of acoustic events

Paste, mortar, concrete

Amplitude, frequency

Supplementary investigations related to rheology/setting

size and shape analysis

In-situ XRD XRD powder/paste Intensity

Dynamic light scatter DLS nm to um Hydrodynamic radii of

device Zetasizer nano ZS polymers/particle size of
particles down to 0.8 nm

Zeta potential , Zeta sizer |Electrophoresis nm to um Zeta potential

nano ZS

Helos Sympatec Particle Laser diffraction Hm to mm Particle size distribution

80 | Pemat mixer with
humidity control

Paste, mortar, concrete

Water content in mix

Mixers from 30 ml to
500 I, various principles

Various mixing principles

Paste, mortar, concrete

o
-

L i PN
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Activities and projects related to Rheolo

BAM Federal Institute for Materials Research and Testing
Division7.4: Technology of Construction Materials
Contact: wolfram.schmidt@bam.de | hans-carsten.kuehne@bam.de

Motivations and competences Interactions between PCE and polysaccharides «ididbiin = ——
Materials | Rheology | Early hydration | Interactions of components starch Amylose
Ay Ko Ko M

Background: Combined use of different admixture groups

KK ) =
Problem: Uncontrolled rheological phenomena KL L LR

Diutan Gum
: K = mrr
Target: Fundamental understanding of key parameters sy
PCE only PCE + STA
y w =100 % by volume c/(w+c) = 33% by volume a ' ) %,
' W yield stress 9 myield stress [ 9° m’
15 | Oplastic viscosity 200 | Oplastic viscosity 04 z ;i
Starch Starch
- 150 0.3 v
€ 1.0 ! < o
v “10.0 0.2 ‘i} t\& g
] ' 5.0 1 0.1 2:: g Ettringite attracts more PCE
| . L Diutan 00 + - 10 Diutan éotmmwogu:es;'uzxto
o0 Starch Diutan gum " Starch Diutan gum interfere with C-S-H formation |
Influence of PCE molecules on rheology Ul %;% .
Problem: PCE interactions/incompatibilities with cement/binders LE 3.
Target: Identification of how to tailor rheology based on PCE W v
High charge: Low chargg After PCE addition After early hydration reactions

* Ultimative flow * Good flow

Low charge
density
PCE

* Short flow retention * Long flow retention

* Short retardation * Long retardation

N

density

o8

=%

Robustness improvement of SCC

Target: Understanding of interactions between polymers
and hydrating system.

Numeric Simulation of SCC-flow through Methods R R
reinforced sections * Rheometry

 Calorimetry
Targets:

* Setting
* Insitu XRD

* Shrinkage

New model that saves time and computational effort
Validation by large scale concrete casting experiments

reinforcement porous medium
(ST T (T // ................ Q
b e o o o L [ 4 .?»st.ffenmg
0000 i 9
e 0 0 0 i ——— > © 9 C‘QL Dispersion
5000 e T

Target: Improve framework for casting of fresh
concrete under challenging boundary conditions

g

Compound: Mineral Components [kg/m?]

'g —oxpenme:\t . OPC 399
‘ £ w0 Pozzolan (Uganda) 80
I" l | J § - — Finesand [0 -2 mm)] 972 )
o " _ )
"“ | - ' Compound: Admixtures [% of cem.] Tomorrow: Pre-packed SCC:
Lignosulphonate SP (Powder) 1.96% mm {& f
De-foamingagent (Powder) 0.75% m A
Nigerian cassava starch (Powder)| 0.004% *
Components to be added [kg/m?] Slump flow: 635 mm = e g
Wat 238 g 2 o
S 28d compr. Strength: 56.2 MPa oo g
Aggregate [2-16 mm)] 613 90d compr. strength: 68.4 MPa * /
EDIEreto With random properties Concrete with rellable: limited
range of properties

COST ACTION




Activities and projects durabily and repair
BAM Federal Institute for Materials Research and Testing

Division7.4: Technology of Construction Materials
Contact: wolfram.schmidt@bam.de | hans-carsten.kuehne@bam.de

Repair and maintenance of

Research strategy at BAM in the next decade

Topic infrastructures

mandate of BAM

mission guideline concept

visibility Bearing Capacity
Durability
Servicesbility

Maintenance

multidisciplinarity

Building Inspections

network

analytical science

attractive employer

people ideas

normal service life of infrastructure structures

3 Age of Federal German bridges
2 20
current status \ 18
existing abration o SHen 16 e
reserve at point t, P e &
14 m Roads
minimunM  fescssalecneaalaa o S EEREEEE 12
nominal condition 3
abration limit o 10
a
=
wv
‘ 8
t=1t, inspection ‘ end of planned remaining time t 6
< service life tg o,
existing L fipol 4
remaining service life At,,
2
planned II I
remaining service life Aty 0 I =0
o Y > 3 > o > ) ) ) > ) N
& £ o & ,°’« 3 K K Ki Ki S N &
¢ & & F o F F & F S ; : W DAfStb
> N > b 8§ b 9 4 N P P «© - I R . ’
) Y. ¢ s : e,
Year of erection Ly 4 R I SIB
‘ & e - - -~
A i )
A4 74E-12 2,25E-11 2.55E-11 i
2.00E-12
| Ref. 280
1.806-12 =Rel, 91¢
1.60E-12 W Baslc mortar 28d
1.40€-12 W Basic mortar 91d
= 120612 - WBAM 1 - 28d
% WBEAM 1-91d
= 1.00E-12
mBAM 2. 284
-
& 8.00613 =BAM 2 - 910
6.00€-13 = BAM 3 - 28d
A00E13 ®mBAM 3 - 91d
2.00E-13 » BAM final 28d
® BAM fmnal 91d
0.00€+00 :

» Physical
» Optimization of the application(spray mortar or hand application)

» Optimal packing densi
§ 5 < 5 » Influence of layer thickness, crack opening and chloride ingress or binding capacity

» Material selection » Influence of textile reinforcement and layer thickness on the load bearing behavior dana |YSIS Of hYd rau I iC en g ineerin g
» PSD optimization » Implementation of fiber optic sensors in the strengthening system for monitoring st ru ctu res
s i . » Application of mineral-based mortar systems on a reference structure under !
» Minimum cracking intensity practical conditions inclusive monitoring 50 - "
» Minimum shrinkage o p E ‘
» Fiber and/or textil reinforcement e G 40 ‘ %
b 2 ) 1
» Chemical i Miay '«‘;f.{:: N v :
A e ARt —
» High chloride binding capacity = 30 + i
| 1
) mC 12/15 :
el 1
£ 4 @EC8/10 -
= 20 -
: ] 1
H L1
10 )
1
_| !
1
0 i

0-5 5-10 16-15 15-20 20-25 25-30 30-35 S

compressive strength [MPa]

T
: :

Advantages for sustainable Construction e thermal expansion

Repair mortars for natural . .
e moisture expansion

stone in cultural heritage

Influences on brovision Influences on production - Bl Ftrach Compr?SS'Ve stress
of aggre gtes process 0, 0 Compr. Strength shrinkage or Ires at the interface
ggreg of concrete s [MPa] — 450 shotcrete
[ L 40.0
Alternatives and/or combinations Concrete mixtus, 2(5,8 h | i
. Properties of fresh and hardened 25.0 e thermal contraction
of process technologies elirdise Akl 20.0 s '
concrete including durability 6 @ drymg contraction _
[ [ 10.0 > >
¥ ¥ ¢ ¥ ©, s, e water filled voids at tﬁns,'li srtfress at
, , i i e Interrace
Primary Secondary Primary Secondary - the interface
aggregates aggregates aggregates aggregates :
R T TR Tl TR
Hydaulic lime (vol.-%)
Economic efficiency studies LCC Life cycle analyses LCA . . i i i i
Y Y y Normal geopolymer: One-part-geopolymer: Biogenic sulfuric acid attack
on concrete structures
Aluminosilicate Activator-Solution Aluminosilicate incl. Water (liquid)
(solid) + (liquid) Alcaline a_ctivator +
Influences on the production process of concrete e.g. flyash high alcaline (solid) o
H 2
sio,, Al,O, Na,O, H,0, (Si0,) Na,0, Si0,, Al,0,
composition of technologies ‘ ‘
basic material of processing Geopolymer Geopolymer
(Na,0),(Al,0;)(Si0,),- (Na,0),(Al,0;)(Si0,),"
(H,0), (H,0),
material properties of properties of fresh and
recycled aggregates hardened concrete A zeolite A hydrated
Thermal treatment of sample: T —— - :{" zg:::zﬁ ashydrated
@rete m|XD Ma_Sh 39 0.5 30 Break down :l ;Z(:Jiltieﬁ?ne
EMT zeolite EMT
‘ [ Increésihg crystallinity a g:i::
() not in every measurement presented
concrete Il- ready-mix concrete & precast elements
masonry units & concrete blocks ~ ' | sintering l
concrete paving | | n } (
| vl
\ JJL.L h‘ s‘ | " ‘ ‘JF« 'L"’w" TN T | Prognose
‘\ ‘ i\ 1 ’u"i V Q‘\x‘; \1 ‘~..‘ 3{ A M ‘\"“"'A"““"’J;'*“\"‘—"’ ) —;
earth and road base course & top layer \\ \;i‘w‘lJ* \L-ul@l"«.lxl T T M Mot Lna ‘_f’”"”:A'Q(EéW mQc

frost protection layer A

S ‘ (WAL L O A M hen A iaa
constructions foundation material \L t,'- N s PN v N
earthwork & embankment ey W A A /
drainage layer & soil improvement B _ﬂ’Hﬂ%“M‘m“’“’m”_

SIVEDURIS - S —~
asphalt layers - 4_“(:, AU \ ¥ R

— Strength decrease

— Lost of form stability

VUL L
1.

noise barriers F - .
filling material & back filling LY RE

Me— N JT e A VI LJULIWY AN AN N A AN

0 10 20 30 40 50 60
°2 Theta (Cu Ka)

Geopolymer concrete

ﬁczon_c;[e
Horticulture & drainage layers for green roofs :

vegetation layer

Scenery planting substrates
construction sports field construction

No rehydration damage in geopolymers !!!

IH0OY
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P-wave velocity [m/s]

TECHNISCHE
UNIVERSITAT
MUNCHEN

Messung 09.10.
8000 . . . . . .

Prof. C. Grol3e, M. Miller, J.Ranz

Technische Universitat Mlinchen, Lehrstuhl fur Zerstérungsfreie Prufung
Technical University of Munich, Chair of Non-destructive Testing

Last Measurements

P-wave velocity, S-wave velocity, E-Module, Poisson ratio was not calculated the right way.

T W

8000

Recalculations need to be done.
Fitting Purpose was of prime importance.

Vergleich einzelner Fitfunktionen

TuTI FreshCon and Data Analysis (Fitting)

8000 T T T

- Ene e TN T T T ok ——— T} e ) b2
?’{]DD_ .‘-:..EI:*T.‘L.-:‘;-:O-I.HI -O.— L a1 L] N ?UGD_ | TDGD_ ]
(31 Loy 1 N ]
aE & aie
L
6000 o 7 6000+ - 6000 =
2
o w . . o
i - i r Fitfunktion 09.10. =
5000 F; £, 5000 , e . E. 5000 Auswertung SmartPick | ]
- > m—— itfunktion 14.10. > Eo
- S AUSURINECNENTES . | 8 Fitfunktion 07 10. =
Fitfunktion g 4000 Fitfunktion 04.10. il g 4000 il
. 0 2
3000+ ' . 2 3000 : S 3000 :
i/ 7 :
! - o
2000F s & 2000 5 2000 -
&
1000}, ,*c = 1000} - 1000 5
v g
D| | | | | | | | | | D | | | | | | | D | | | | | | |
0 5 10 15 20 25 30 35 40 45 50 0 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45
Time [h] Time [h] Time [h]
4 measuremets have been done, considering the same initial and
boundary conditions each time.
) EqGUT 1ol xi
File Import Misc ~
R & S
— Equation
aoon r r T T T T T
: Vit) = A = (U1+(CHP B} * 11 +(1A)D j
2000 : : :
: : : : A 8
000 I 81525344 I 16208
- U B " )
G000 c D
I I I I I I 9.0733 I -0.52751
RO00 : : : : :
: : : : : H W EEH W M
i INRTNNE: PN S
i E E E E Reset WValues |
ao00 |-
Time seftings
2000 From: ["71  hoursto: [ 188 | hours
i E E E E New Fit |
0 | | | | | | |
] 20 a0 an 100 120 140 160 180 e |
st |
MatLab file for data fitting.
10000 3500
000y et T il
. | 9000 I I I I I
6000} 2000l “Jeonfi_4_dl.txt' ul:2 ——
= e , 2000 ' j"D!'Iﬁ_qr_d 1.txt' .
4000} Ll .......:."'.."iiii peonfi_ 4 _d1.txt' u 1:10
1000} 7000 - HHE ﬂ.‘fdata,ﬂdl.t_xt‘ ulZ —F—
2000} - —
| | | : | | | | 6000
0 50 100 150 200 0 50 100 150 200
Time h Time h
5000
05 ol P 4000 |
¥ 25 PN W g h"gf"”;"%ﬁ
: 0438 w 3000
g | g o
E 046} @
z | s 2000
2 044§ 2
L __ § r 1000 —
0.421 WEEsge 1| alE 1 0 iy A =
(o FIL | o st T3 FE b TS 05}
Jtindtig : .
0'40 SI(] 'lil]D 1I50 200 O[] 5IO 160 1I50 200 0 0.5 1 1.5 2 2.5
Time h Time h
Confidence interval
1 2 2
=V, —V . . )
2P s Function of Poisson ratio [nu(h)] has been
V= v2 — v2 calculated by using each single measurement.
P S
(L +v)(1—2v) _
E=v2x« nu(h) = (a+b)/2 + (b-a)/pi * arctan(c*h-d)

PP )

20
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HYDRATION PROCESS OF SCM CONTAINING CEMENT PASTE SAMPLES

IN DIFFERENT ENVIRONMENTAL CONDITIONS

TITLE OF PHD PROJECT: INFLUENCE OF SUPPLEMENTARY MATERIALS ON CHEMICAL RESISTANCE OF CONCRETE
Katalin Kopecsko (Assoc. Prof., Supervisor) — Lilla Mlinarik (PhD student)

AIMS OF RESEARCH COMPOSITION OF SAMPLES

» Understanding the mechanisms of hydration of SCMs CEMI142.5 N Metakaolin | Silica fume
containing cement paste in corrosive circumstances; m/m% m/m% m/m%

= Examine the long-term effect of organic (acetic acid, 100 -
pH=3) and mineral (sulfuric acid, pH=1) acidic 33 17
circumstances; 75 25

* Analyze and compare the effects of different dosage gg 33
and ratio of SCMs; -

90 -
» Long-term curing and investigations (> 360 days). 85 _

33 12
75 17
67 25

OO0 N O, WIN -~

METHODS MATERIALS
* Thermal analyses TG/DTG/DTA » CEMI142.5N

= X-ray powder diffraction XRD * Metakaolin (MK)

N
o

= Compressive strength UCS » Silica fume (SF)

EXPERIMENTAL PROGRAM
= Specimens: 30x30x30 mm cement paste cubes;
» Testing time: 1, 7, 14, 28, 90, 180, 360, ? days;
= Curing conditions (from 7th days):

- climate chamber (20£1°C, RH=65%),

- water (20£1°C),

= from 28 days :ELI-EH#-_;&.'WHGI - d_ys
- organic acidic solution (acetic acid, pH=3), 'I e _I
- mineral acidic solution (sulphuric acid, pH=1); m m AL

[count=] -
9888 -

Sulphuric acid - 188 Acetic acid - 1A

8888 - MK33-altered zone

- 'I a HK33-altered zone - ' ""‘J"-J--.J | ’ L
7888 - ' y |
6HHH - J

] MK33-intermediate | HK33d-Intermedlate
SHBP - , s N M A ; s At A |

- At Pl > 4 - e e

MK33-sound zone
4888 - PP, . P T HK33-sound zone

RESULTS

RESULTS

JHAA -

2888 - N |
- “ l J REF-altered zowne
i i r N b oA A

Y 1:1: 1 . |
LEITIES Fil —

..

F— - " - [ T
8.8 - _ e

IEITEE edzone = %ulphurlc aCId/1 30 days altered zone

’ |
i ﬂ YV T13s4°C
intermediate
intermediate u
me ¢ m

T 3887 °C

MK33 samples

¥ T1384 °C sound zone

MK33 samples

T 586,7 fC
%wﬂ esatn nd zone . = T"M T 3014 °C T7O070°C

T 450,8(° - T1636°C
altered zone

T 186,39 °C T 3946 °C
m T 3616 °C

T361,6°C

REF sa'mples

sound zone

altered zone -
MWMMWWWW

T 2898 °C
nd zone 95 6 °C

REF sa‘mples

c 1054 °C
TEETE°C T273,1°C

| | | ! | ! |
5000 , , 2000 4000 T °C &O0,0




T
A_EA-Q-_A

in; II::III'I'ilI! -iill'!l'll'li EribnmE
nml LI_I.Lé
!l.-il.l .lu,

mium
M UEGY E TEM 1782 Leadear in tachnical higher education

SN BUDAPEST UNIVERSITY OF TECHNOLOGY AND ECONOMICS

SCM IMPACT ON FRESH AND MECHANICAL PROPERTIES OF
SELF-COMPACTING CONCRETE

TITLE OF THE PHD PROJECT: POROSITY OF SELF-COMPACTING CONCRETE

Dr. Salem Georges Nehme (Assoc. Prof., Supervisor) — Abdulkader EI Mir (PhD student), Hungary
Dept. of Construction Materials and Technologies

AIMS OF THE RESEARCH

= Efficiency evaluation of SCMs
(Metakaolin and Silica Fume) on
the durability indicators of self-
compacting concrete (SCC)

2 days Sika 5-Neu Superplasticizer

- SCC+S.F.

- . SCC+S.F.
SI|.IC8 Fume (SF) on the.con3|stency ) BT o o scc+|v| K
(Sika 5-Neu) and hydration process o0 scc 0

(CEM [II/A 32.5 R-MSR) with 360 . 320 360 400

respect to early compressive Cement (kg/m?3) Cement (kg/m?3)
strength of concrete mixtures

80
60
40
20

1,5

* |nfluence of Metakaolin (MK) or

0,5

% HRWRA

R

Compressive strength (MPa)

N

= Micro- and mesostructural
characterization (total porosity,
apparent porosity) with respect

to MK and SF 7 days Surface hardness density function

= Surface hardness variation
(Schmidt hammer).

S0
Ml

SCCIM.K.]

f\ SCC[SF]

RESULTS AND ANALYSIS
= With the usage of SCM variation of
compressive strength is noticed in

Compressive strength (MPa)
o
o

. 360
several periods: 400

1. A slightly 12% increase at Cement (kg/m°)
2 days with highest dosage
cement 400 kg/m?

2. An average of 18% increase
at 7 days

Apparent porosity

3. A significant increase of 28%
at 28 days.

= A higher reliability in Schmidt
hammer with inclusion of SCM

28 days

N
&)

oo
o
N

Compressive strength (MPa)
@)
o
Water absorption (m/m %)
@)

= SCC mixtures in which SCM are 40 |
applied require higher dosage of 20 = SeessF 1
HRWRA due to specific surface 0 r SCC+M.K. 0,5
area SC
320 360 0
= An average of 25% decrease in 400

capillary pores due to MK and SF. Cement (kg/m?) Cement (kg/m?)
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Influencing factors of early age shrinkage

In concrete mix design [Neville 19935].

= cement content of the paste

= gspecific surface area of cement

= fine aggregate content (under 0.125 mm particle size)
= specific surface area of fine aggregate

= water-cement ratio

= total aggregate content

= type of aggregate ,
= water absorption capacity and water content of aggregate |, S
= applied admixtures
= compacting rate of paste

" porosity

= other added components e.q. fibres.

Experimental study according t