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Summary

The cracks and caverns of different types belonghto most frequent failures within
concrete, reinforced concrete and masonry struxtdifeese can appear also in the bottom
surface, in rocks and grounds under the strucieey efficient method of these failures
rehabilitation is the grouting with a medium whichs better physical properties than the
original structure. The paper describes the pdgssksiof grouting strategy and especially
the development of new progressive materials comgidifferent by-product (fly ash,
washing wastes, foundry sand, slag etc.) undeeotisg the increase of quality. Attention
was paid especially to properties of the fresh urxtnamely to the setting time of
modified materials and to the fulfilment of demadgdysic-mechanical parameters of the
hardened mixture. Particular formulae were desigo#dwing optimisation calculations
for the broad utilization in practice.

Keywords: Rehabilitation, foundation, grouting technology andterials, waste raw
materials.

1 Introduction

The grouting is the process of pumping the liquithwariable viscosity into the ground,

into the fissured or loose ground, concrete or maso order to increase the density of
these materials. The classical technology of gnguis well known for some centuries.

The principle of this technology is the filling pbres and cavities by the grouting mixture.
The mixing of the grouting mixture with the origlmaaterial forms a composite which has
new physical properties. This is most frequently Way to improve the strength and the
imperviousness of the material. The grouting caso adecure the lasting position of
unstable objects. Another typical application is thaterproofing of cracks and gaps (to
secure the water tightness of cracks and gaps).
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The problem of building structures subsoil hardgniof filling the cavities and the
formed caverns became to be a very topical subjatie Czech Republic, especially after
the year 2002, when the Czech Republic suffere@émuextensive floods, which caused the
significant disturbance of foundation subsoil. Tdhgsoblems can be successfully solved
by the utilization of grouting technologies. Thisncerns the application of large scale
grouting and possibilities are looked for to desesdhe final price under keeping the
demanded parameters for the grout mixtures. Corsgléhe fact, that the floods came
also in last year 2006, though they were not satgthe subject of large scale grouting is
still very topical. The number of structures reliigdtied by grouting materials increases the
demands on the research and development of nedirmyiinaterials.

Large-scale grouting in the ground work is conngatgéth increasing demand to
solve the question of large scale utilization odlustrial wastes in the largest possible
extent. The utilization of wastes would not onlytjly solve the problem with wastes
disposal but the wastes application would havetpeseffect on the price of the work.

This paper represents the research and developwher@w grouting materials and
strategies with the utilization of waste materials.

Special large scale grouting systems

= The problem of building structures subsoil hardgnin
= Cracks and caverns

= Filling the cavities

= Formed caverns under the structure

Objectives problems: building structures subsoitlbaing, filling the cavities, caverns
successfully solved by the utilization of groutteghnologies.

2 Basic characteristics of grouting

Basic characteristic of grouting are: good workiéhilvolume stability, good penetration
properties, good pump ability, great resistanceinsfjaerosion, sufficient compression
strength. And technological and technical varialaes grouting material, curing time of
the material, way of fastening, fastening of spgailistance, grouting pressure, grouting
time for one connecting opening, grouted volume d¢me connecting opening and
sequence of works. The paper presents the proposhthe verification of methods for
utilization of waste materials (power plant fly agbundry sand, wastes after washing and
blast furnace slag) as the substitution of bindal aubsequently also as filler in the
grouting mixture. The advantage of grouting mixtufded by waste raw materials is the
lower price and in the same time also the dispokatdustrial waste. The processing of
unutilized waste raw materials takes place in Way instead of depositing them in waste
sites. The way of industrial wastes disposal byod#jmg them in waste sites is apart from
the unfavourable effect to the environment demamdilso economically. Attention was
paid especially to properties of the fresh mixtneemely to the setting time of modified
materials and to the fulfilment of demanded physgchanical parameters of the hardened
mixture. Particular formulae were designed follogviaptimisation calculations for the
broad utilization in practice.
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3 Description of applied materials

For useful interpretation of the used materialsen@utlining the individual properties of

these raw materials

Cement

Tab. 1 Main properties of applied cement

properties unity value
Specific surface chyg” 375
Initial setting time min. 160
Final setting time min. 230
Compressive strength — 2 days N/mm 15.4
Compressive strength — 28 days N/mm 38.6
Bentonite
Content of montmorillonite 65-80 %
Tab. 2 Chemical analysis of bentonite
S|Oz A|203 F6203 Hzo T|02 MgO CaO Kzo FeO Nazo MnO
50.0-| 15.7-| 88- | 53-| 38-| 38-| 17-]03-|01-] 01-| 01—
570 | 17.3%| 17.0% | 6.3%| 6.3%| 6.3% | 3.1% | 1.2%| 1.0%| 1.0% | 0.3%
%
Quartz sand
Mass density 2 500 kg/fn
Apparent density 1 650 kgfn
Fly ash (fossil- fuel power station Chvaletice Czech rep.)
Mass density: 2060 kgfinspecific surface: 270 7tkg
Tab. 3 Chemical analysis of fly ash
CaO| MnO Al;O3 Fe0s sulfates | SiO, Na,O MgO |[KO| TiO;
o | [%6] | [%] | [%] 6] | [9%] | %] | [%] |[%]| [%]
1.79] 0.03 28.93 6.08 0.2 56.82 0.32 1.31 1.72.02

Granulated blast furnace slag(company Trinecke Zelezarny, Czech Republic)
Mass density 2850 kg/inspecific surface 388, 74#kg

Tab. 4 Chemical analysis of granulated blast furnace slag

SiO; CaO MgO Al,03 Fe,0s SO

40.34 37.53 12.96 5.54 0.27 0.57

Wastes from crushed aggregates washing in quarry

Mass density 2 811 kg.

Chemical analysis: CaGQ.79[%], MgC0O30.03 [%)], chlorides 28.93[%],element. sulfur
0.05[%].

Foundry sand
Chemical analysis SK®1-98 %, bentonite 3-6 %, mass density 2 580 kg/m
Bulk density 1 360 kg/fh

781



CESB 07 PRAGUE Conference
Session W2C: Materials 4

4 Description realized works

The research consisted of two main parts. First palved the possibilities of filler
substitution and the second stage was focused mitgpmaterial substitution.

Formulae were designed with the substitution derfiby 10 till 50 % of waste
materials. The reference mixture was the concentrakture (cement, bentonite, special
admixtures) and quartz sand. We have performedegperimental verification of the
partial substitution effect of filler by the gromgj mixture. The filler (quartz sand) was
substituted by waste materials (fly ash, foundrpdsavastes after washing and blast
furnace slag). And in the second stage were péaticiormulae designed following
optimization calculations for selected mixture whisas the best properties. And these
mixtures were modificated. The bonding material wabstituted by fly ash. The fresh
mixtures of all selected formulae were tested bipwang basic tests: consistency of the
mixture, initial and final setting time, bendingesigth on test pieces, compression strength
on test pieces, volume mass, shrinkage during hargen test pieces (40/40/160 mm).

5 Result of first stage- substitution of filler by the grouting mixture
The main attention was concentrated on the pragsedt fresh mixture (workability, initial

setting) and further on the fulfillment of demandglysical-mechanical properties of
modified mixtures.

Dependence of the consistency on the used filler Dependence of compression strength on the
filler
25,01 Qref. O ref.
C2 | = 30,0-
2, 20,0 £
S @ fly ash S 25,01 @ fly ash
2 15,01 g oo
S 100 s T _
b ™ B send 2g 150, e
S 501 £~ 1004
0,044 O slag 15 5,0
" 0% 10 20 30 40 50 ° 0,0 O slag
0 W waste 0% 10 20 30 40 50
% of filler substitution by washing o6 of fler ssittion by st | asts
waste materials materials w ashing

Fig. 1 a, b Dependence of the consistency and compressiamg#itren the used filler

It was determined that the application of secondavy materials caused the decrease of
volume mass in all mixtures. The water/cement rationodified mixtures had to be
modified by increasing portion of fine-grained peés (finely ground waste materials) in
order to achieve the demanded workability. This s reason of the determined
water/cement ratio increase in all mixtures witrstgamaterials. It was necessary primarily
to solve the problem of filler substitution in graling materials under maintaining the
demanded physical-mechanical properties. It castéied on the base of performed tests
that the consistency of the mixture depends orkithe and quantity of applied filler. The
fluidity of the mixture is the worse the more filleontains the mixture.
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6 Result of second stage — substitution of bonding reial by the
grouting mixture

In the second stage were particular formulae desidallowing optimization calculations
for selected mixture which had the best properthesd this mixture was modified. The

bonding material was substituted by fly ash. Theeee designed two basic formulae with
fly ash and slag filler substitution.

Tab. 5 Mixtures proportion — bonding and filler matenahs substituted by fly ash

sample cement | additives | Fly ash _(bending qs;:g _FIy ash water
[kg] [kg] material [kg] k] (fillen[kg] [kg]
ref. 533 40 - 1066 - 430
P80 426 40 - 729 253 381
P80-10 383 40 43 729 253 381
P80-20 341 40 85 729 253 381
P80-30 298 40 128 729 253 381
P80-40 256 40 170 729 253 381
Tab. 6 Results of the tests after 7 and 28 days
7 days 28 days
sample bqu_ bending | compression bqu_ bending | compression
density | strength strength density | strength strength
[kg/m?] | [N/mm? [N/mm?] [kg/m?] | [N/mm?] [N/mm?]
Sref. 1890 2.1 9.2 1820 5.2 14.7
SP80 1755 2.9 9.3 1730 3.3 17.5
P80-10 1745 2.2 8.6 1735 3.2 15.9
P80-20 1715 2.1 8.1 1695 2.8 14.8
P80-30 1695 1.9 7.3 1670 2.7 10.1
P80-40 1675 1.8 4.6 1650 2.6 8.9
Tab. 7 Mixtures proportion — filler material was substédtby slag
ddit Ely 3.Sh slag
cement | additive endin uartz .
sample k] k] (materia? sgn d [k] (filler) water [kg]
[ka]
[ka]
ref. 533 40 - 1066 - 430
S80 426 40 - 835 225 350
S80-10 383 40 43 835 225 350
S80-20 341 40 85 835 225 350
S80-30 298 40 128 835 225 350
S80-40 256 40 170 835 225 350
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Tab. 8 Results of the tests after 7 and 28 days

7 days 28 days
sam bulk bending |compression  bulk bending | compression
ple X :
density strength strength density strength strength
[kg/m¥ | [N/mm? | [N/mm? [kg/m¥ | [N'mm? | [N/mm?
S ref. 1890 2.1 9.2 1820 5.2 14.7
S80 1820 1.9 12.1 1780 4.1 18.7
S80-10 1810 2.1 10.2 1790 4.1 16.9
S80-20 1800 2.0 8.6 1775 4.0 15.1
S80-30 1800 1.8 6.9 1770 3.6 12.3
S80-40 1780 1.6 6.0 1765 3.1 9.6
Tab. 9 a, blnitial and final setting time
Initial setting , o Initial setting Final
sample i Final setting time | | sample time setting
[min] [min] [min] ne [min]
=hen 50 120 S ref. 50 120
P100 45 115
SS80 55 155
P90 50 115
S80-10 60 165
P80 50 120
S80-20 60 170
P70 55 130
S80-30 65 170 PG0 50 130
S80-40 65 175
Result X- ray analysis:
Tab. 10Result X- ray analysis
sample Mineral analysis
Ref calciumhydrosilicate II, portlandit, calcit, ettgih, monosulphat, aragonit,
' B-silica, spar, clay minerals
calciumhydrosilicate 1l, calcit, aragonit, portlandettringit, t, p- silica,
P80-20 2 .
spar, biotit, clay minerals

7 Conclusion

It was determined, that the application of secopdaw materials caused the decrease of
volume mass in the case of all mixtures. The wedenent ratio of modified mixtures must
have been modified with the rising portion of fiparticles (finely ground waste materials)
in order to achieve the demanded workability. Fig teason a significant increase of the
w/c ratio was determined in the case of all mixdungth waste raw materials. It was first
off all necessary to solve the question of fillebstitution in grouting materials under
maintaining the demanded physical-mechanical ptgser

The grouting materials containing waste material$illf and in some properties
significantly exceed the demanded values, exprebsethe reference material. It was
further proved that it is possible with the suitabtlected substitution of the original filler
by waste materials to manufacture grouting materfat utilization in practice which
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fulfill the given conditions. The greatest bendstgength achieved the mixture with 20 %
of blast furnace slag and the mixture with 40 %lypfsh. This is caused by the grain size
composition of the filler (the nearer is this corapion to the ideal grain size curve, the
better strength values should show the formulad)aso by the perfect distribution of the
grains (no sedimentation takes placEhe formulae designed with the following filler
proved to be most suitable: the substitution 0#30f fly ash and 70 % of quartz sand and
20 % of slag and 80 % of quartz sand. The firstjestshown very good results and in
following research was provided that it is possitdesubstitute also bending material
There were 40 % of bonding material (cement) desingain the modificated mixture (see
Tab. 6, 7).

The research describes the possibilities of devedmp of new rehabilitation
grouting materials containing different wastes @Bh, washing wastes, foundry sand etc.)
under respecting the increase of quality.

The given problems are solved in the frameworkefrésearch project MSM 0021630511
called: “Progressive Building Materials with Utilaion of Secondary Raw Materials and
their Effect on Service Life of Structures” and ject FT-TA3/139 Complex system of
rehabilitation of soil imperfections outside of lolimg structures by the waste material
based new grouting material. This support is gnatgfappreciated.
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