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Properties of cement Paste with Addition of Fly Ash
from the Per spective of Creep
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Abstract: Waste materials are usable in the building mdtésiathe production of
building components and elements. Between the eseliste materials may be
counted as fly ash, which is predetermined by tpedperties for construction use.
The article presents an overview of the behaviama of the materials - cement paste
with addition of fly ash in creep. Creep from thergpective of an important long-
term durability of building materials. Data frometimeasurements have been treated
to remove the influence of shrinkage and has bemked upon with only basic creep.
This paper presents the influence of water saturain the size of the material creep.
The article includes a comparison of experimentaliyained data with the model for
the creep of concrete creep B3.

Keywords: Fly Ash, Cement Paste, Creep, Shrinkage.

1. Introduction

The power plants produce annually 8 million tonsflgfash in the Czech
Republic. Fly ash is generated as the secondauptdyy burning brown coal in
the lignite power plants. The generated quantityheffly ash is between 10 % and
30 % of the original volume of burned coal. Grazedly ash from power plants is
between 1 and 1000 microns [1]. Density of ash frmwer plants is between 750
and 950 kg/mh From the perspective of chemistry, the fly asmest material; the
main component is Si0and AlI2Q and CaO and SOThe fly ash is a suitable
building material for their inert behavior.

Conventional fly-ash contains up to 80 % glass phas the main component.
Sulfur content (expressed as spQusually does not exceed 1 %. In the high-
temperature combustion of coal is not necessaadtbground limestone into burnt
mixture. The resulting ash typically does not contzalcium compounds such as
CaSQ, and also higher amount of sulfur in the form @;SThe combination of
cement paste and fly-ash from power plants createsnteresting productivity,
which has its advantages, but also its weakneAgsasng the positive properties can
be conceived: a higher resistance to aggressiveoamvents, lower density and
improved workability.
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Among the negatives can to include decreased casipeestrength and the
potential increased content of heavy metals thet aintained in the ash. The
strength of concrete [2], [3] is also possible ioy® in case of using of the fly ash
by their activating in concrete. Fly ash is congairin many types of cement as an
additive. Activation of fly ash can be started, egiately CaO content in cement,
which are often very complicated.

In several previous works have been defining theratteristics of cement
paste mixed with ash from power plants [4]. Ten&iénding strength of cement
paste with addition of fly ash reaches higher valtlean the pure cement paste.
Modulus of elasticity of the final mixed materiallower [5]. Fracture energy [9] of
cement paste with fly ash also decreases, butitisease is not so significant [6].
Very good values of tensile strength in bendingengrhieved when the weight ratio
of cements and fly ash was 1:1.

2. Cement paste and preparation

The experiments were realized by the cement paisteaddition of the fly ash. The
components of cement paste were: Portland cemelt ICR2.5 R, fly ash and water
[10]. From components were prepared the cylindrgaécimens into the plastic
moulds. Water / cement ratio of the prepared cerpaste was 0.4. In the cement
paste was used 40 % water of the weight of solidmments. The specimens were
taking out from moulds one day after productionteAfthat the specimens were
placed into the water basin.

The specimens were cut shorted on the length 70Andmeter of prepared
cylinders was 10 mm. For the experiments were pegbaix specimens. First two
specimens were determined for a measurement of ¢gnedrying condition. Other
two specimens were used for a measurement of stg&kThe last two specimens
were used for a measurement of creep in wateragatlicondition.

The specimens were placed in water basin for figatin
3. Data from measur ement

The age of the tested specimens was 150 days. &asurement of creep was
realized in the lever mechanisms. The total nunabespecimens was six of which
two specimens were tested on shrinkage, only. Ther dwo specimens were tested
in water saturated condition and the last two speos in water dried condition.
Applied load on specimen achieved size 697N. Tdnieef was unchangeable during

Fig. 1. Specimens for creep tests.



process of measurement. All specimens were coverdide foil due to guarantee
condition of the humidity. The specimens were lehdy a plumbs after their
placing in the lever mechanisms. For example sgar€i2, where loading is show
in increasing curve of the creep at deformatiopré8
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Fig. 2. Basic creep of specimens No. 1 and No. 2 in dngition.
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Fig. 3. The creep of specimens No. 5 and No. 6 in dry itiomd
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Fig. 4. Basic creep of specimens No. 1 and No. 2 in dnditmn. Basic creep is calculated with
shrinkage of the specimen No.4.



CEM |, No.5, creep, (with fly ash)
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Fig. 5. The creep of specimens No. 5 and No. 6 in dry itimmd Basic creep is calculated with
shrinkage of the specimen No.4.

Figures 2 a 3 display results calculated with dtage of the specimen No.3.
Next a figures 4 and 5 display results calculatéith whrinkage of the specimens
No.4. Between the graphs are some little differencaused by the differences
between the curves of shrinkage specimens. Lenfgtbsting was 32 days. In the

figures 2 and 3 is possible see unloading aftésHing of test.

4, Results

At figures 6 — 9 are displayed results of comparibetween curves of creep
and simulation of creep. The curves of basic ceremisplayed in the figures 6 and
7. The curves of creep of specimens saturated tdrveae displayed in the figure 8

and 9.

Simulation of basic creep, specimen No.1.
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Fig. 6. Comparison between the measurement and simulattioasic creep for specimen No.1.




The simulations of creep were solved in OOFEM paagr[7]. It is the
programming environments with built/in model B3 toeep [8].

Simulation of basic creep, specimen No.2.
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Fig. 7. Comparison between the measurement and simulattioasic creep for specimen No.2.

Simulation of creep, specimen No.5.
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Fig. 8. Comparison between the measurement and simulaitioreep for specimen No.5.



Simulation of creep, specimen No.6.
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Fig. 9. Comparison between the measurement and simulatioreep for specimen No.6.

5. Summary

The presented graphs show, the basic creep reactiue over 32 days to 16
microns. Nearly identical results are obtained gisine curves of shrinkage of
specimen No. 3 and No.4.

The water-saturated specimens [8] reaches very Yagiies creeping. Creep
without the influence of shrinkage after 32 dayesched values near to 220 microns.
All specimens were tested in the age five monthe age of the production has a
significant influence on the size of creeping a thitial stage of measurement. In
all cases, measurements of deformation solidsintrease was steepest during the
first 5 days.

In the past, compliance tests were conducted stiook of creep of pure
cement paste model B3 [9]. Even if the simulatiogeping of cement paste mixed
with fly ash is possible to achieve good agreenimitveen the model and real
measurements. Table 1 contains the overview oftsaldactors creeping q.



Table 1. Coefficients g for simulation.

Specimens g, O Os Qs

No.1 0.052144 27.53022 -2.145290.088075
No.2 0.076967 -68.15178 5.62104 -0.192593
No.5 -0.02951 -1981 162.62 -6.8547
No.6 -0.02951 -2318 190.15 -8.0907

Acknowledgements
This work has been supported by project GACR uhiterP104/11/2285.
References

(1]

(2]

(3]

(4]

(5]

(6]

[7]
(8]

(9]

(10]

http://www.cez.cz/cs/odpovedna-firma/zivotni-preslifprogramy-snizovani-zateze-
zplvyuziti-vedlejsich-produktu-uhelnych-elektrademl, Information about secondary
energy products.

Neville, A.M., Properties of Concretelohn Wiley & Sons, (1997), ISBN 0-470-23527-
6.

Polak, M., Plachy, T., Long-Time Monitoring of Theal Action on a Prestressed
Concrete Bridge Structurim Proceedings of the #8nternational Scientific
Conference on Experimental Stress Analyéiské Losiny, May — June 2010, pp. 369-
376, ISBN 978-80-244-2533-7.

Pade¥t P., Bittnar P., “Measuring of Creep of Cementt® &pecimen”Proceedings

of the 29 WSEAS International Conference on Applied Mathisiaimulation,
Modeling (ASM’'09)Athens, Greece, 2009, pp. 33-39.

Mezerova L, Kuklik P., “Variability of Strength f@eams from the Blues Laminated
Tiber®, in Proceedings of the #9nternational Scientific Conference on Experiménta
Stress Analysid/glké Losiny, May — June 2010, pp. 257-260, ISBI8-8D-244-2533-
7.

Zobal, O. — Pade¥, P.: Compressive strength and the tensile stheingbending after
28 daysProceedings of the Conference Nano and Macro Meach&®11 Prague,
ISBN 978-80-01-04892-4.

Patzak B., OOFEM project home pab#p://www.oofem.org2000.

Bazant, Z.P., Baweja, S.: Creep and Shrinkage &mediModel for Analysis and
Design of Concrete Structure — Model B&aterials and Structured/ol. 28, pp. 357-
365, 1995.

Van Mier, J.G.M.Fracture Processes @oncreteCRC Press (1997), ISBN 0-8493-
9123-7.

Pade¥t, P., Zobal, O., Change of Material PropertiethefCement Paste CEM I, in
Proceedings of the 8nternational Scientific Conference on Experiméstaess
Analysis,Velké Losiny, May — June 2010, pp. 307-310, ISB8-80-244-2533-7.




