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Alkali Free and Alkali Rieb Aeeeierators for
Shoterete: Physical, Chemical and Meebanieal

Effects on Cement Hydration
Cerulll T, Plstolesi c.. Maltes« c.. Sa{\'lonID

Alkali based acceterators ere uormnlly used in shotcrere for tunnels. Such admixtures cause n
very rapid set of concrete thus nllowing overhead and vertical applicntions. Today a new class
01"products starts 10 be appreclmed in the merket. They are known ßlj alkali free sccelerators.
Alkali frcc and alknli rich nash sening admixiurcs are based on chcmically different
compounds which diflcrcntly uffect COI1CreLe's properties, A chemical and morphological
analysis \\QS carried OUt on eement pastcs mixed with three different senlng accelerators
(solutions of sodium silicate, sodium aluminate and aluminiwn sulph3.tc). Setting time.
compressive strength and watcr absorption were also determined

InlroduC'rion

Sprayed conerete is commonly used dwing mnnel excavation to con)()lidou: reck yvallsl, A
truck concrete layer reduce rhe risks of falling roeks. A key problem fcr couerete application
is the fast dcvelopment of :;ig.ni ticnnt mechanical performances. This requiremeni is needed to
0110\v concrete adhcsion on ihe tunncl wnll withöut falls. Flush sctlill~uccclcrators increase
thc stiffening rate of concrete. Today 1\\(0 different kinds of admixtures are present in the
merket: alkali rich and alkali free nccclerators1,3. They are cornmercialised both in liquid end
in powder form. Nowadays water based solutions are more dilTusc:d due to a larger
dcveloprnent in the last )ellrS of ..vet spraycd technique. Alkalinc eccclerators are mainly
composcd of sodium or po'a.)Sium ~ilicales or aluminates" \\hife allnli free admixtU:reS
<""",in basically aluminium sulpMt< oomplexes'. M""y are thc ,,,hunt.ges of alkali tn:.:'"
"ith respect 10 alkali rieb 1)'1>0; redueed chemical reactiv it) "ith human skin: less rebound;
water imperrneebility and inc~ compressive strength of spm>ed coneKlc,
Thc two flash setring admixrures affcct in a different ..vay coneretc properties, Only few
papers buve been published on the action mechanism of these 8chnixtures"1 but it has (lOtbeen
weil clari tied yet,
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RHEOLOGICAL BEHAVIOR OF PORTLAND CEMENT PASTES DURING EARLY
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Frank Winnefeld
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ABSTRACT
This contribution focuses on the structural changes of cement paste from mixing to setting,
determined by rheological measurements. Initially after adding of water, the cement starts to
hydrate. During the induction period the rate of hydration is very low. The cement paste is still
workable and behaves like a fluid. Its viscosity often approximately follows Bingham's law
with a yield stress and nearly Newtonian behavior above the yield stress.
During hydration, the structure of the cement paste changes, it stiffens, and both yield stress
and viscosity increase. By measuring the rheological properties during cement hydration,
information on the structural growth during the hydration process can be obtained. But it is
important that the structure of the paste is not influenced by the measurement itself. Cement
paste before setting is a flocculated suspension that is very sensitive to the applied shear. Its
microstructure breaks down very easily. The usual rheological techniques (for example flow
curves) are not suitable for a continuous monitoring of cement hydration, as the yield stress of
the paste is exceeded during measurement, causing a structural breakdown.
With a special dynamic measurement technique, low-amplitude oscillatory shear, the structural
growth of a cement paste can be studied continuously from mixing until setting. The influence
of different admixtures, a retarder and three superplasticizers, was examined.
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ABSTRACT

    One of the long-continuing debates in the concrete field has to do with the mechanism of
expansion associated with delayed ettringite formation (DEF). The explanations put forward fall
loosely into one of two classes: the “paste expansion” theory, in which the driving force is
considered to be some form of more or less homogeneous paste expansion induced by deposition
of ‘submicroscopic’ ettringite within the C-S-H, and the “crack expansion” hypothesis, in which
the driving force is considered to be the expansive force generated by the growth of ettringite in
rim and paste cracks. Expansions produced in laboratory DEF experiments can approach 1.5% -
2%. In this paper we call attention to the facts that (a) the expansion process necessarily involves
tensile strain, (b) that hydrated cement paste has a limited tensile strain capacity, usually
considered to be about 200 x 10-6 (i. e. 0.02%), and (c) that mortars or pastes whose expansions
exceed this limiting strain necessarily undergo cracking. Sufficient expansion to induce cracking
was shown to take place in most of the mortar bars tested, regardless of whether or not DEF
subsequently occurred. For DEF-affected specimens the subsequent expansion, constituting well
over 98% of the total strain, took place after the specimens had exceeded their tensile strain
capacity and were already cracked. SEM illustrations of crack patterns observed in DEF
specimens that have just exceeded this limiting strain are provided. It is shown that the
subsequent rapid DEF-induced expansions process involves crack widening associated with
ettringite deposition. It is difficult to reconcile these findings with any mechanism that postulates
that such high expansions can take place while the continuity of  the paste is maintained.



ESTIMATION OF THE AMOUNT OF ASR GELS BY THE COMBINATION OF
EDS AND PORE SOLUTION ANALYSIS AND MEASUREMENTS OF

EXPANSIVE PRESSURE IN MORTARS UNDER RESTRAINT
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ABSTRACT

It is significant for deeper understanding of features of ASR damages of concrete structures to
reveal relations between expansive pressure under restraint and free expansions of mortars in
the laboratory. One of the purposes of this study is to estimate the amount of ASR gel produced
within mortars by the combination of EDS analysis for the gels and pore solution analysis.  In
addition, this study aims at elucidating relations between expansive pressure measured under a
restraint condition, and the amount and composition of gels.  The expansive pressure was
approximately proportional to the amount of ASR gel formed, when alkali contents of ASR
gels formed were less than a critical value.  However, mortars containing ASR gels with a
higher alkali content than the critical value showed extremely low expansive pressure, even
when they greatly expanded in expansion tests without restraint. These results suggest that, in
existing ASR affected concrete structures containing gels with a higher alkali content than a
critical value, damages due to the secondary stresses caused by restraint might not be so
significant, even if reactive aggregates used in the concrete have showed great expansions in
mortar bar test in the laboratory.



INVESTIGATION OF FLOOR COVERING ADHERENCE PROBLEM WITH
A PORTLAND CEMENT + HEMIHYDRATE SUBSTRATE
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ABSTRACT
An occurrence of adherence problem of a linoleum flooring material with an underlying

substrate composed of portland cement and hemihydrate was investigated.  The substrate had
initially been sealed with an emulsified vinyl acrylic copolymer, and then a water-based linoleum
adhesive applied on it after a few months for installation of the linoleum flooring.  Apparently,
the flooring began to fail prematurely, although a previous laboratory test, using the above
procedure and same materials had proven successful.

Petrographic examination of the test sample revealed a reasonably dense portland cement
+ hemihydrate substrate and its satisfactory bonding with the jute fiber-backed linoleum. The
sealer, however, was unidentifiable. In the actual field sample, bonding of the adhesive with the
underlying substrate was far from satisfactory; and exhibited a concentration of tiny voids at the
upper surface of the substrate. Surface scarification of may have produced increased porosity in
the surficial part of the substrate. In fact, this may have contributed to the debonding. The
linoleum adhesive, however, has retained its integrity in terms of bonding with the underlying
sealer and overlying linoleum. The texture of the adhesive and thickness of adhesive layer were
different from the one used in the test sample. Distinct symptoms of debonding at the substrate-
sealer interface was observed. Accumulation of a thin layer of a different material was also noted
at this interface. Penetration of sealer into the substrate was not observed. The surface of the
substrate was carefully scraped from the failed sample and analyzed using Fourier transform
infra red (FT-IR) analyzer. Traces of wax was identified in the scrapings. Scanning electron
microscopy/energy dispersive X-ray analysis (SEM/EDXA) of the substrate - sealer interface
revealed a vacant zone, few micrometers in width, under the sealer, confirming the occurrence of
debonding phenomenon at this interface. SEM/EDXA also confirmed the lack of penetration of
the sealer in the substrate. The morphology of the crystals directly under the sealer layer was
different from those in the interior of the matrix. No evidence of any secondary chemical
reaction was noted. .

From differential scanning calorimetry (DSC) of the surface scraping and the interior matrix a
preponderance of gypsum (CaSO4.2H2O) was clearly identified at the surface, whereas the form
of calcium sulfate deeper in the matrix was found to be predominantly hemihydrate or
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ABSTRACT

The backscattering electron coefficient, η, of pure elements was calculated using Arnal’s
formula.  For a number of compounds the average backscattering electron coefficient, η , was
then calculated using Castaing’s formula.  The calculated values showed a linear correlation with
measured values of the backscatter electron image intensity in the SEM.  The method described
can be used to distinguish between phases with similar X-ray spectra, such as calcium hydroxide
and calcium carbonate.  Furthermore, the porosity of epoxy impregnated phases may be
estimated.
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ABSTRACT

The introduced calorimeter is a fully revised, more user friendly equipment based on
an arrangement firstly described by Kuzel 1984 [1]. Improvements are: Sample pans
made of polystyrene, defined docking of sample vessels to the thermopile, defined
sample compaction, and use of a water dispensing aid. The changes of the equip-
ment lead to a very good precision and accuracy of measurements. All measurement
were carried out in isothermal mode at a temperature of 23.0 Ä 0.2 °C in a time range
of 0 und 72 hours using synthetic clinker like pure phases. All investigations were
performed 3 times. Investigations of Alite prove the outstanding precision of the calo-
rimeter with a heat evolution of 205.69 Ä 0.75 J/g (72 h, w/c = 0.45, specific surface
2850 cm2/g). Kinetics and heat flow are differing with w/c ratio. Belites show a strong
dependence of their hydration behavior from the kind of stabilization and modifica-
tion. α´ modification was turned out to be the most reactive in the case of phosphate
stabilization. The kinetics of heat evolution from Tricalciumaluminate and Ferrate is
depending on their iron content. Ferrate hydration is very fast and reaches 150 – 200
J/g (3100 cm2/g) within the first hour depending on chemical composition, which is in
opposition to Stark (1998) [2] and Odler 1998 [3].
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ABSTRACT

A high-resolution flatbed scanner was used to collect an image of a polished cross-
section through a concrete pavement.  The surface was scanned a total of three times in
RGB color.  First, the surface was scanned in its natural state prior to the use of stains or
treatments.  Between the first and second scan, the surface was stained with a
phenolphthalein solution to color the cement paste pink.  Between the second and third
scan, the surface was painted black, and white powder was pressed into the depressions
left by air voids.  The images collected were aligned, and a new false-color image was
created using the B band from the non-stained image, the G band from the
phenolphthalein stained image, and the R band from the black-and-white treated image.
A principal components transformation was performed on the false-color image to yield a
three-band principal component image.  The third band of the principal component image
and the R band of the black-and-white treated image were input into a classification
scheme to yield an output image.  In the output image, each pixel is classified as air void,
cement paste, or aggregate.



MONOSULFATE, ETTRINGITE, THAUMASITE, OR GYPSUM?
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ABSTRACT

A number of published papers exhibit only scanning electron microscope (SEM) images without X-ray
elemental analyses, or X-ray elemental analyses without SEM images, to claim the presence of chemical
components containing sulfur in concrete.  Results of such “identifications” can be very misleading and
may lead to erroneous conclusions about the durability of a particular concrete structure.  This paper
shows typical BS images accompanied by X-ray elemental analyses of monsulfate, ettringite, thaumasite
and gypsum, as observed and identified in concrete.

Key Words:  Concrete, SEM, monosulfate, ettringite, thaumasite, gypsum
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ABSTRACT

This paper presents results of microstructural investigation of concrete from sections of slab
foundations that exhibited slow hardening characteristic and unusually low strength development
pattern.  Three samples collected from three different slabs were investigated to determine the cause
of the problem. From petrographic examination tiny particles of foreign material were observed to
be distributed in fair abundance throughout the paste matrix. Ultra violet spectrum analysis did not
indicate the presence of excess superplasticizer. X-ray diffraction analysis, however, showed the
presence of clay minerals, which was confirmed from scanning electron microscopy/energy
dispersive x-ray analysis. Significant contamination of the concrete with soils, either from the ground
on which the slabs were placed or due to contaminated aggregate stockpiles was considered as the
most likely cause of the problem related to hardening and strength encountered by these concrete
slabs.
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ABSTRACT

Due to the wide technical importance of Ettringite (3CaO⋅Al2O3⋅3CaSO4⋅32-36H2O) in
hydrated cement based systems four different synthesis methods were applied to get
a better overview how and under what favoring conditions Ettringite can be formed.
In the first step different precipitation methods resulting in Ettringite were established.
For all methods Al3+ was supplied by aqueous CO2-free solution of Al2(SO4)3⋅18H2O.
As source of CaO-supply a clear solution and otherwise a Ca(OH)2-suspension was
utilized. Four synthesis routes with and without sucrose were employed.

Variation of reaction parameter with temperature, time of reaction, pH-value of syn-
thesis solution and influence of additional Gypsum was investigated. The qualitative
phase analysis was performed by X-ray diffraction method (XRD) and transmitted
light microscopy. Chemical analyses of CaO, Al2O3, SO4

2- and H2O of all synthesized
Ettringites were performed to recognize eventually existing differences of chemical
constitution between the synthesis methods. Morphological aspects of some synthe-
sis products were studied by scanning electron microscopy (SEM). Finally lattice and
structural parameter were refined with the Rietveld-Method.

mailto:goetz@geol.uni-erlangen.de


THE MINERALOGY OF CHLORIDE ATTACK ON CONCRETE WITH
LIMESTONE FILLER

Iver Allan Juel and Duncan Herfort
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ABSTRACT

The chloride binding in cement paste prepared from ASTM type II Portland cement and 15
wt % replacement by limestone filler has been investigated. The investigations were
performed on small paste specimens at water/binder ratios of 0.7. The specimens were
hydrated for 6 months before being immersed for a further 6 months in CaCl2 solutions of
different concentrations. This period of exposure was regarded as sufficient for the chlorides
to become fully bound by the hydrate phases, and for the solution at this stage to be at
equilibrium with the corresponding hydrate phase assemblage. The analytical methods used
included XRD and EPMA of the solid phases and standard wet chemical methods for the
solution. The results suggest extensive solid solution between Friedel’s salt and
monocarbonate.   
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