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Introduction

Specific requirements for fresh SCC : high workability and good
resistance to segregation.

Amount of coarse aggregate reduced and replaced by fine
material.

In Belgium, local available materials = limestone fillers.

=) Suitability of these
fillers for use in SCC
or conventional
concrete ?

Introduction

Aggregate and lime production
industry (quarrying operations)
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Introduction

Production process of limestone fillers

Ornamental stones industry (sawing
operations)

Materials

Ordinary Portland Cement (PC) CEM | 42,5 R HES

Six limestone fillers collected in Belgium (F1 to F6)

Limestone filler . .
Production process Industrial sector
reference
F1
Crushing Lime

F2 Dry process

F3 Drying / crushing | Aggregates
Fa Sawing Ornamental

stones

F5 Wet process

e Washing Aggregates
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Physico-chemical characteristics

Physical characterization (Laser diffraction)
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dgo (Hm) 13.6 9.4 8.8 7.1 9.0 14.8 16.6
S ger [M?/g] 13 12 5.5 4.0 5.7 37 -

Physico-chemical characteristics

Mineralogical and chemical characterization

F1 F2 F3 F4 F5 F6
Calcite CaCO, [%] 99.5 | 99.5 | 82.0 | 94.5 | 86.0 | 75.0
Quartz SiO, [%] 0.0 0.0 15.5 1.8 6.5 2.0
Dolomite Ca(Mg,Fe)(CO,), [%] 0.5 0.5 2.5 3.7 7.5 | 23.0
Methylene Blue Adsorption MBA [g/kg filler] 0.7 0.7 4.0 1.3 5.0 33

= Fillers coming from lime production (F1, F2) and ornamental stones
sawing (F4) : high CaCO; content.

= Fillers produced in limestone quarries (F3, F6) : large amounts of
impurities.
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Physico-chemical characteristics
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Physico-chemical characteristics

Smooth Paste test (Legrand, 1971)

Modification of
the paste
appearance

Ve /

... correlated with threshold value of dilantancy (rheological behaviour)
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Physico-chemical characteristics

Relationship between mortar flowability and MBA or b,
of limestone fillers
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Physico-chemical characteristics

Relationship between Sg 5.y and MBA

Ss,BeT [M?/g]
MBA [g/kg filler]
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Physico-chemical characteristics

Materials

CEM 1425
CEM152.5

Limestone Filler

Standard sand EN196-1:2005 (0~2 mm)

Physico-chemical characteristics

Size and shape characterization

Equipments

Vacuum dispersion

Image analysis

OCCHIO 500Nano (0.5 pm~2 mm)
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Physico-chemical characteristics

Particle size
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Physico-chemical characteristics

Particle shape

CEM152.5 CEM 1425
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Physico-chemical characteristics

Particle shape
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Physico-chemical characteristics

Bluntness describes the maturity of the particle in the abrasion process.

Bluntness =

In which:

Calypter tools

Dimension value [-]

—a— Bluntness LF

—&— Bluntness CEM |52.5

Bluntness CEM 142.5

— =
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Average inner diameter [ pum]
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Packing properties

Dry packing (direct) methods, e.g. sss12:part 2:1995

[ For aggregate
» Influences of inter-particle forces?

H 1]
¥ For fillers » Standard of compaction level?

Wet packing (indirect) methods:

[ ] Standard consistence test, Bsen 196:part 3, 1

B the wet packing method (wong & kwan, 2008)

on depth (mm)

Standard consistence test:

WICM ratio by volume

Packing properties

The wet packing method (wong & kwan, 2008)

Blended

gt Allvater
/ Domix / Packing density:
Sen ) ot Sip @ o= Vo .M,y _ M
ﬂ vV Vp, Vu.p,+a)
RSP sSP o+ s

/ 1/8 aggregate / 1/8 aggregate / 1/2 aggregate
for Mix for

\ Mix fo
i ) \ } The voids ratio (u):

Step (e) Step (e) Step (d) —-
Vv, 1
u= =_
Jre v, ¢
1/8 5P+

/ 1/8 aggregate /
Mix for
3 min,
=

Step (e) Step (e)

-1

30/03/2012

10



Packing properties

Experiments

The wet packing method (wong & kwan, 2008)
The dry packing method

» Influences of inter-particle forces?

20 » Standard of compaction level?

Compaction cylinder Concrete vibration table

Packing properties
Packing tests

The dry packing method
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Packing properties

Improved PD percentage [%)]
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Packing properties

Comparisons of the dry method and the wet packing method
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Discussion on the wet packing method
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Packing properties

Results on blended cement (total replacement and coarse replacement)
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Packing properties

Numerical simulations
@ PSD simulations
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Packing properties

@ Visualized models

Periodical
boundaries:
CEM 1425 CEM 1525
0.72 0.68
Rigid
boundaries:

TCEM1425 TCeMiIs2s
0.674 0.658 0.685

Packing properties

@ Maximum packing density
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Packing properties

@ Surface to surface nearest neighboring distance (NND)
0.25
—CEMI1425
0.2 —CEMI525
—LF
> 0.15 4
E
3
g 011
o
0.05 |
0 T T T
0 0.5 1 15 2
Surface-to-surface NND ( pm)

Packing properties

@ Surface area density (S,) and volume density (V) in ITZ
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Packing properties

@ Mechanical bounding capacities

Meaning free spacing: A = 41_VV

Stroeven & Stroeven 2001

A parameter proportional to global bonding capacity : ] Hu, 2004
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Packing properties
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Conclusions

¢ The limestone fillers collected in Belgium differ from each other
through their physico-chemical characteristics (impurities such as

clay, quartz and dolomite).

++ The water requirement of limestone fillers is mainly influenced by
their clay content (indicated by high MBA and S g¢; values).

++ Size and shape characteristics of LF and OPC can be identified by an

advanced image analysis system.

*+ With a proper replacement of cement by LF, packing density of the

mixture can be improved. Filler effect is significant as also illustrated
by the numerical simulation.

Conclusions
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