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Introduction

Ultra-High Performance Concrete (UHPC), one of the recent breakthroughs in concrete
technology, impresses us with its high durability and a compressive strength comparable to that
of steel. It permits the design of sustainable concrete structures such as wide-span bridges,
filigree shells and high-rise towers and allows for spectacular architectural designs.

In 2004 and 2008, two International Symposia on UHPC took place at the University of Kassel,
organized by the Department of Structural Materials and Construction Chemistry and the
Department of Structural Engineering. Since then, the set of knowledge about the Ultra-High
Performance Concrete has been substantially widened and its practical application has rapidly
increased worldwide. New researchers and users of UHPC have joined the community and
broadened the scope of its potential.

This conference as well has substantially grown since 2008. In 2012, about 130 speakers
presented their impressions, research, and practical experience. It also attracted the attention
of many international standardization bodies.

Even though the material is already highly developed, it is still possible to increase its potential
even further using recent advancements in nanotechnology and colloidal chemistry. Nowadays,
the reactions of binders can be studied at the nanoscale, synthetic nanoparticles of various
oxides can significantly improve microstructure and reaction potential. This knowledge gives
rise to many new possibilities that allow developing impregnable ceramics or multifunctional
materials. They can, for example, carry agents for environmental protection, provide additional
self-healing potential, and act as part of heating or cooling measures. As nanotechnology
provides many new and auspicious approaches to improve the performance of construction
materials and to open up new applications, the 3rd International Symposium on UHPC
extended its focus towards nano-optimized construction materials and its recent advancements.
This additiocnal aspect led us to establish the new conference name HiPerMat, derived from
High Performance Construction Materials.

This volume thus contains more than 120 contributions from many research disciplines that are
influenced by High Performance Materials and UHPC in particular: material sciences, structural
engineering, environmental engineering, nanotechnology, chemistry, architecture, codification,
and economy. A design adequate to the materials and to the construction of durable and
sustainable high performance structures receives special attention.

We hope that our conference, Hipermat 2012, has once more contributed to the development of
modern and progressive buildings and materials for construction and will continue to do so in
the future.

Kassel, In January of 2012

Prof. Dr.-Ing. habil. Michael Schmidt Prof. Dr.-Ing. Ekkehard Fehling
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Cavitation Treatment of Nano and Micro Filler and Its Effect
on the Properties of UHPC

Janis Justs', Genady Shakhmenko’, Viktors Mironovs®, Patriclja Kara'

1: Institute of Materials and Consiructions, Riga Technical University, Latvia
2 Institute of Building Production, Riga Technical University, Latvia

The effect of cavitation treatment of micro and nano fillers in relation to ultra-high performance concrete
(UHPC) was investigated in this paper. Specially designed and patenfed apparafus was applied lo creale
turbulent flow and employ hydrodynamic cavitafion process as a fool for silica fume micro and nano
pariicle agglomerale disaggregation and surface activation. Silica furme/waler slurry at the ratio 1 : 2 was
subjected to the impact of the hydrodynamic cavitation process.

UHPC mixes with oplimized particle packing were designed in order lo evaluate effect of specially treated
silica fume on the mechanical properiies of the UHPC. Due to the cavitalion treatment the agglomerales
disaggregaled into nano and micro particles and uniform suspension in water was obtained and
incorporated info the UHPC mix.

Keywords: UHPC. microsilica dispersion, cavitation

1 Introduction

Pozzolanic additives are used in the concrete production to enhance mechanical properties and
durability of the material. Silica fume, metakaclin, rice husk ash and nanosilica are some of the
additives that can be beneficial and improve performance of the concrete. As pozzolanic
additive particle sizes normally are less than those of cement (average silica fume particle size
Is around 0.15 pm), pozzolans in concrete can have dual effect — to improve physical particle
packing and to react chemically with calcium hydroxide forming calcium silicate-hydrates [1].
However, sometimes desired effect is not reached due to the fact that smaller particles have
increased surface energy and during the storage time aggregate more easily to secondary
particles, having sizes on the order of hundreds of micrometres. It is not possible to break such
agglomerates in conventional mixing process due to the low shear forces. As agglomerates can
be bigger than cement particles, packing of the mix is not improved and chemical reaction is
hindered due to the reduced active surface area of pozzolan. Moreover undispersed silica fume
agglomerates can react as alkali—silica reactive aggregates in concrete [2] (See Figure 1).
Cavitation treatment of pozzolanic
materials before concrete mixing is proposed
in this paper in order to disaggregate
agglomerated particles and therefore reach
better particle dispersion in concrete mixture.
A novel hydrodynamic dispersion method for
fine particles was developed and patented in
Germany (patent number 20 2007 914 913.1),
Latvia (patent number 13392), Russia (patent
R * ._ number 2297876) and EU (patent application

silica fume

.‘. -&,. VoA 1N number P-11-67).
] : - Hydrodynamic cavitation phenomena occur
if the fast flowing liquid (e.g. water)
Figure 1: Silica fume agglomerate causing encounters obstacles in its way. In some
alkali-siiica reaction (2] areas of disturbed flow continuity of water is

broken and rapid pressure drop below the
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water vapour pressure is encountered. Vapour cavities in the water are created. Source of
cavitation nuclei is gas that is dissolved in the water. If the liquid pressure exterior to a bubble
will be lower than the saturated vapour pressure, the nucleus will be activated and the radius of
the bubble will increase. The increase of the liquid pressure resuits in the cavitation bubble
collapse. Cavitation bubbles collapse violently generating either the micro-jets or shock
pressure waves featured by high velocities, pressures and temperatures [3]. The temperature
inside the cavitation bubble during collapse can reach 3075 K, but such extreme temperature
exists for the very short time [4; 5). Impacts of shock pressure waves and micro-jets are the
source of the noise and the material damage. The impulse pressure might reach the pressure of
approximately 1 GPa and impact velocity of 1000 m/s [6].

Cavitation is specifically avoided in the design of machines such as turbines or propellers
because of possible damage risk. However, In this study It proved to be beneficial as a tool for
silica fume agglomerate disjoining.

2 Materials and methods

Traditionally there are two types of UHPC mixtures - coarse grained with maximum aggregate
size 4-8 mm and fine grained with maximum aggregate size 1-2 mm. To evaluate effect of silica
fume cavitation treatment, fine-grained UHPC mixture was designed. Materials used in this
study were the following:

« cement CEM I 32,5 R UHPC;

« silica fume;

= nanosilica;

« quartz sand 0 — 0.3 mm;

+ quartz sand 0.3 — 0.8 mm;

+ quartz sand 0 — 1 mm;

+ polycarboxylat based superplasticizer;

« steel fibers &=0.6mm L= 13 mm;

= water.

The chemical composition of cementitious materials is presented in Table 1.

Table 1: Chemical composition of cemeniitious materials.

5i0, ALO,  Fe,0, Ca0 50, MgO Ma.O

CEM | 52.5R 25% 2.1% 3% 69% 2.3% 0.7% 0.2%

Silica fume 87.5% 0.4% 0.1% 0.2% 0.1% 0.1% 0.1%

MNanosilica 99.9%

Specially designed and patented apparatus was applied to create turbulent flow and employ
hydrodynamic cavitation process as a tool for silica fume micro and nano particle agglomerate
disaggregation and surface activation (Figures 2, 3) [7].
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Figure 2: Setup for silica fume dispersion  Figure 3. Silica fume suspension preparation scheme.
using cavitation phenomena. 1. reservoir, 1. reservoir, 2. tube, 3. dispenser, 4. dispergator, 5. pipe.
2. cavitation chamber, 3. engine,

4. frequency converter.

The setup consists of four main components:
1) Cavitation chamber where high speed flow is created and cavitation phenomena occurs
2) The reserveoir, where materials can be added and collected after treatment.
3} The electrical engine.

4) Freguency converter to adjust engine speed and choose most effective working regime.

The slurry was produced by adding silica fume and water in proportions 1:10 and 1:2. The
volume of slurry was 3 liters and it was processed for 10 minutes. Device speed was 6000 rpm.

The concrete mixing procedure was organised in a following way: all dry materials were
mixed for 1 minute in the high speed paddle mixer. Then silica fume slurry and 70% of total
water amount were added. After 2 minutes of mixing rest of water and superplasticizer was
added and mixing was continued for 5 minutes.

Mix consistency was determined by cylinder flow test. Cylinder with the internal diameter of
30 mm and height of 100 mm was filled with UHPC concrete mix and lifted up. The diameter of
the flow was measured after 1 minute.

Specimens with dimensions 100x100x100 mm were cast and stored in climatic chamber
(t=20°C, RH=90%) At the age of 1 day specimens were demoulded and stored in water bath
(t=20°C). Specimens were tested according to standard [7] at the age of 7 days. The second
testing was performed at the age of 12 days. Accelerated curing conditions (t=90°C) were
applied for last 48 hours. Five concrete mixtures were produced. All mixtures had cement
content of 950 kg/m*. Two mixtures with silica fume content of 20 kg/m* were produced. One of
them was reference mix (REF-1) without cavitation treatment and for second {CAV-1) cavitation
treatment was applied. Three other mixtures had silica fume content of 100 kg/m®. First was
reference mix (REF-2) without treatment, second (CAV-2) was treated by cavitation and third
(CAVMNS-2) additionally to cavitation treatment had nanosilica addition 1% of cement mass.
Prepared concrete mix compositions and cone flow values are summarized in the Table 2.
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Table 2: UHPC mix compositions and cone flow values.

Materials REF1 CAV-1 REF-2 CAV-2Z  CAVNS-2
Portland cement CEM | 52.5 950 850 230 950 950
R
Quartz sand 0.3/0.8 mm 470 470 470 470 470
Quartz sand 0/0.5 mm 200 200 200 200 200
Quartz filler 0/0.3 mm 400 400 340 340 340
Silica fume 971U 20 20 100 100 100
Manosilica Elkem 8.5
Superplasticizer 25 258 25 25 25
Steel fibre 13 mm/0.16 mm 20 20 20 20 20
Water 200 200 200 200 200
Cavitation: - 10 min - 10 min 10 min
Cone flow, mm 226 260 260 2580 255
Concrete density, kg:’ml: 2285 2285 2365 2365 23745

3 Results and discussion

The effect of cavitation treatment first can be evaluated visually. For untreated silica fume
suspension larger agglomerates can be noticed even without microscope, while for processed
suspension without microscope no visible particles are found. If untreated suspension
{manually mixed) and cavitalion treated suspension (silica fume/water ratio 1 : 10) is left
undisturbed in the clear vessel, segregation can be observed for untreated suspension after 13
minutes, while processed suspension does not show any segregation (see Figure 4a). After
two hours both suspensions are segregated (Figure 4b). And for untreated suspension large
agglomerates are visible (Figure 4c).

F =

a) o) c)
Figure 4: a) Suspension segregafion after 15 minutes. Lefl —untreated, right - cavitation treafed. b)
Suspension segregation affer 2 hours. Left —unirealted, right - cavilalion irealed. c) Agglomerates in untreafed
siurry after 2 hours.

Consistency was measured by means of cylinder flow test (see Figure 5). Results (see Table 2}
have shown that cylinder flow increase from 226 to 260 mm after silica fume treatment for
mixes with silica fume content of 20 kg/m®. Reason could be better pariicle packing (that
reduces necessary water amount and improves flowability of mixture. For mixes with silica
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furme content of 100 kg/m” after cavitation treatment cylinder flow decreased from 260 to 255
and 230 mm. This effect could be explained by significantly increased silica fume surface area
after agglomerate disaggregation that absorbs extra water and reduces flowability.

Compressive strength was tested at the age of 7 days (normal curing) and 12 days (10 days
normal curing and 48 hours accelerated curing at the temperature of 90°C). For the mixtures
with silica fume content 20 kg/m® results (see Figure 6) show compressive strength increase of
6% at the age of 7 days in normal curing regime and 4% increase at the age of 12 days In
accelerated curing regime compared to those of reference mix.

Figure 5: Cylinder flow test. Mix REF-1 {on the leff), Mix CAV-1 (on the right).
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Figure G: Compressive strength resulls for mix with silica fume content 20 kgr’m".

Mixture with silica fume content 100 kg/m® show similar strength increase after silica fume
cavitation treatment (see Figure 7). At the age of 7 days compressive strength increase is 4%
and at the age of 12 days 3%. Mixture with the nanosilica addition shows best performance
with the strength increase of 9% at the age of 7 and 12 days and reaches compressive strength
of 164.5 MPa.

4|



1645

139.0
140 12721326

Compressive strength, MPa
=

T days 7 days + 3 days 90 °C

@Relerence BCavitation DCavitationtNS

Figure 7: Compressive strength results for mix with silica fume content 700 kg/m®.

4 Conclusions

Cavitation treatment of silica fume with the aim of agglomerate disaggregating and surface
activating proved to be simple, fast and effective way to improve UHPC properties. Average
compressive strength increase for both — normal and accelerated curing was 5%. In case of
nanosilica addition compressive strength increased for 9%. Also risk of alkali — silica reaction
due to silica fume agglomerates was minimized. Silica fume suspension in water (ratic 1:10)
after cavitation treatment has shown higher stability. Cylinder flow value for higher silica fume
amount decreased due to the higher cavitation treated particle surface area that can absorb
more water.

The cavitation treatment apparatus can be easily upscaled for the purposes of industrial use.
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Ultra-High Performance Concrete (UHPC), with its high compres-
sive strength of more than 200 MPa and an improved durability,
marks a quantum leap in concrete technology. This high perform-
ance material offers a variety of interesting applications. It allows
the construction of sustainable and economic buildings with an
extraordinarily slim design. Its high strength and ductility makes it
the ultimate building material for e.g. bridge decks, storage halls,
thin-wall shell structures, and highly loaded columns. Due to its
outstanding resistance against several kinds of corrosion, it is
deemed suitable for new fields of application where concrete has
not been considered viable before. To make use of its superior
properties, special knowledge of production, construction, and
design is required.

To facilitate the fruitful exchange of knowledge and experience
both between international researchers and engineers in the field
was the objective of the 3™ International Symposium on UHPC
that took place in Kassel on March 7-9, 2012, the proceedings of
which are contained in this publication.

As an impressive amount of new knowledge could be obtained by
leveraging the growing experience in the fields of nanotechnology
and chemistry, the symposium was rebranded to honor this influ-
ence. |t now bears the name HiPerMat, derived from Nanotech-
nology for High Performance Materials in Construction.

This volume thus contains about 120 contributions from many
research disciplines that are influenced by High Performance
Materials and UHPC in particular: material sciences, structural
engineering, environmental engineering, nanotechnology, chem-
istry, architecture, codification, and economy.
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