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Abstract

Frost resistance of concrete is directly dependent on its air content and parameters of air
void system. Nowadays concrete is rarely produced without water-reducing agents, used
also in air-entrained mixes. Sequence of adding admixtures during mixing seem to affect
final properties of concrete, concerning its performance throughout service life.

This work is a result of studying the effect of different adding sequences of air-entraining
agents (AEA) and superplasticizer (SP) on air content in mortar. The basis for work is a
study of foam index change for different materials and adding sequences, carried out by a
group of BSc students in spring 2015 [1].

Consequently, a set of experiments for materials of interest (2 different AEAs, 1 co-polymer
SP, 1 OPC, 1 Norwegian fly ash and 1 limestone filler), used in the above mentioned study,
were performed.

The following parameters of the mix were selected: OPC/FA — 70/30, mass of limestone —
5% of binder, w/c ratio — 0,45. Matrix volume was changed during the experiment from 330
to 400 litres. Whole range of received data is included in the report for a broader overview
of the effect of AEA and SP mixing sequence.

The results shows that, notwithstanding matrix volume and type of AEA used, sequence of
adding admixtures has a significant influence on the air content in concrete both in fresh and
hardened state.

It is noted that when SP is added after AEA, the effect of AEA is reduced while in mixes
where AEA is added after SP, the air content is higher, presumably due to adsorption of SP.
The highest air content gives adding AEA together with SP. The appreciable difference in
the air content is also noted for different AEAs, coming from different producers. An
attempt for characterizing of air-void parameters for most interesting cases was abandoned
due to insufficient strength for polishing of young fly ash mortar, unveiled at last stage of
the procedure.
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Introduction

Freezing and thawing occurred in cold and harsh environment can cause scaling and
cracking in badly prepared concrete and with inadequate amount of air. To prevent
deterioration, it is important to stabilize the right volume of air and create a system of air
pores in the concrete, mainly, by use of Air Entraining Agents (AEAS).

In the Scandinavian countries, as in the rest of Europe, there is a clear tendency towards
reduction of cement consumption, mainly for ecological reasons. Therefore, concrete with
fly ash has become a very popular product. However, it appeared to be hard to determine the
right dosage of AEA for this type of concrete. The reason is a fly ash which can contain too
much carbon because of incomplete combustion in the power plant (high Loss on Ignition —
LOI), so the quality of fly ash can vary significantly.

Even if we obtained the correct dosage of AEA and SP, thanks to the FI test [1], one should
comprehend that the air-entraining problem is more complicated. Dosages of admixtures can
vary in practice and they do not necessarily correspond with material data sheets, giving
recommendations on dosing of admixtures depending on composition and volume of the
mix. The water reducing admixtures, usually Superplasticizers, are used in mixes to improve
the workability when w/b ratio is low, which is often a case. Therefore, dealing with air
entraining of concrete cannot be considered without looking at procedure of adding AEAs
and SP, as one of the most crucial factors to consider when obtaining frost resistant concrete
for particular exposure conditions. Investigation on adding sequence of AEAs and SP in the
mortar mixes can show which mixing procedure can give us the most predictable air content

and which can give the least.

The scope of this thesis is to investigate the sequence of adding Superplasticizer (SP) and
Air Entraining Agents (AEA) to obtain stable air content in the fresh and hardened concrete.
Sequences are taken from the FI report [1] written as a Bachelor Thesis in 2015, and all the
results from it are compared with the obtained on mortar specimens. Foam Index test is used
to measure the amount of AEA for obtaining stable foam, and it is very useful in the initial
phase of calculation of dosage of admixtures like AEAs and SP. However, during work,
selection of correct dosage of AEA was found complicated, therefore some changes in
output dosage of AEA were made. In the experiments, selected materials were the same as

ones that had been used in the Foam Index test. Throughout the work, different sequences of



adding abovementioned admixtures and variable dosages have been studied for 2 types of
AEA. Consequently, air content in the hardened concrete was measured.

2 Background

2.1 FI test. Final results

Foam Index test was made and described in the Bachelor Thesis [1] by the students
from Gjevik University College. Main target of their research was to find the sequence
and dosage of AEAs and SP to obtain stable foam. In the investigation, different fly

ashes, cements, fillers and admixtures were used.

The results show (see Appendix A), that the air entrainment stability depends strongly
on type of AEA, combination with Superplasticizer (SP) and binder powder. It was
found, that SP added to the mixes before AEA reduces the negative effect of carbon in
the fly ash in several cases, whereas SP added after AEA in most cases has a negative
effect on air entrainment. Results obtained in the experiments have shown that AEA is
less effective at higher carbon content in the fly ash as depicted in theory. The Foam
Index test shown, that there is a difference in using ordinary Portland cement (OPC) and

OPC in combination with fly ash.

The FI report [1] includes also results from experiments made on the cement and fly ash

from USA. The US fly ash had lower carbon content than the Norwegian fly ash.

By virtue of insufficient quantity of the materials from USA, it was impossible to

incorporate mixes with them in present report.

2.2 Literature study

2.2.1 Freezing and thawing in the concrete structures

Depends on the air content in the hardened concrete, the freeze-thaw resistance can
vary. Freezing and thawing in combination with de-icing salts or seawater in the cold
and harsh environments, like in the Scandinavian countries, can cause frost damage
called scaling in the concrete structures when it does not have the right volume of air
pores. Possibility of frost damage depends on the air void size distribution expressed as

specific surface and specific factor. The size of the fine porosity is also important when



dealing with frost resistance. Water in pores with lower diameter will freeze at lower
temperature while water in pores with bigger diameter will freeze in temperatures close
to 0°C. Both forms of deterioration: internal and external can occur in concrete

independently. Resistance to both damage forms is dependent on air voids.

In the Scandinavian countries, as it is in other countries, cement in combination with fly

ash is used for reduction of cement consumption. Because of the variety of the fly ash,
dosage of AEA can vary. It is caused by the carbon content, measured as a Loss on
Ignition. The influence of carbon content in the fly ash was described in the papers,
written by Gebler and Klieger [2], [3] and [4].

2.2.2 Air pore system in concrete

Pores in concrete can be divided into micro and macro. In the micro pores there are
capillary- and gel porosity which are formed during hydration process. Capillary pore
size is 0,1-10 microns and the gel pore size is nanoscopic. Macro pores cannot be filled
with water without extra force applied. Serving as sites for pressure release and ice
formation during freezing, macro air voids improve concrete frost resistance. Reducing
anisotropy of concrete body AEA is used to organize and refine air void structure, and

by that improve range of concrete properties (see 2.2.3).

The air void system is established during the mixing process and, if it is stable, it can be
the same in the fresh and the hardened concrete. However, there are some factors
influencing the air pore system. G. Fagerlund [6] describes three different mechanisms
for the air-pore instability of the fresh concrete. First mechanism is a loss of coarse air-
bubbles due to handling, transport and compaction and it does not affect on the freeze-
thaw resistance so much. The second mechanism is dissolution of small bubbles in the
water and due to this mechanism reduction in the freeze thaw resistance can obtain. The
last mechanism is transfer of air from small to coarser bubbles and it influences on the
air content and leads to a reduction in the freeze thaw resistance. The air pore system in
the fresh concrete may differ from the hardened concrete because of the factors affecting

it in the period between production and setting.

As we can read in the Du & Folliard’s paper [7], “Air bubbles in fresh concrete are

inherently unstable. The interfaces between the dispersed air and the surrounding matrix



contain free surface energy and the thermodynamic tendency is to reduce the interfacial
surface areas. Thus, all air bubbles have persistence.”

Persistence of air bubbles in mortar (our case) is controlled by many parameters and
conditions, most important of them to mention are: paste volume, fineness of cement,
binder constituents, content of filler and its size, sieve curve of sand, and application of

air-entraining agent (AEA).
2.2.3 AEA and its influence on the concrete properties

According to the Norwegian Standard NS 2001, concrete used in the concrete structures
should be produced with right volume of air pores to obtain frost resistance. It can be
done by adding the air entraining admixtures, like AEA, during the concrete production.
AEA are used to entrain small and evenly distributed air bubbles throughout the
concrete. In the Norwegian Standard NS EN 934-2 [8], the Air Entraining Agents are
described as: “Admixtures which allow a controlled amount of small evenly distributed

air bubbles to be incorporated within the composition remain after curing.”

The main reason to use the AEAs is to obtain the freeze-thaw resistance in the concrete
structures. However, there are other effects, which can be observed when using AEAS.
For instance, small bubbles can improve workability. We will see later that the
workability has correlation with the air content, as it was also noted by Eickschen E. [5].
The negative effect of using AEASs can be lower strength of concrete. This is why it is so
important to obtain the right dosage of AEA to increase frost-resistance and not lose the
strength. As the dosage of air-entraining admixture increased, concretes containing fly

ash tended to show instability of air content in the fresh state.

As it is written in the paper [9], AEAs belong to the group of chemical admixtures also
known as ‘’surfactants” which is an abbreviation of ‘“surface active admixtures”.
Surfactants generally have a molecular structure of a long non-polar hydrocarbon chain
at one end and a polar group at another. Since surfactant molecules have a strong bipolar
nature, they tend to be absorbed and usually concentrate at the air-paste interface
(around the air voids). As a result, of this property, the surface layer around the
entrained air voids may have a different composition with respect to the bulk fluid in the

mixture.



2.2.4 Superplasticizers (SP)

Superplasticizing/water reducing admixtures are organic poly-electrolytes, which belong
to the category of polymeric dispersing agents. Some of them are synthetic, while others
are from natural products. They are used in the concrete to reduce the amount of water
or to increase the workability in the mixes with low w/c -ratio. They are not working as
a retarder and it can be dosed drop wise without giving a poor effect. They are mainly
used with the AEAs, but it is important to know when the SP should be added to the
mix. As we can read in the Foam Index test [1], the SP can suppress the foam, which
means that we can obtain lower air content by incorrectly using AEAs and SP.

2.2.5 Sequence of adding Superplasticizers and Air Entraining Agents

Mixing procedure is very important during concrete production. It can influence the
properties of both fresh and hardened concrete. Depending on the sequence of adding
admixtures into the mixture, quantity of added admixtures can vary. While adding more
air entraining agents can influence on the air content in the concrete, increasing time of
mixing over 2 minutes, according to Eickschen’s paper [5], does not influence the air
content significantly. Combination of superplasticizer (SP) and air entraining agent
(AEA) in a mix is a major issue due to lack of knowledge on how admixtures affect
each other. Even if one fined the right dosage of these admixtures in some experiment,
there would be a problem to reproduce the same concrete with the exact amount of air
content because of other factors, which can influence, like volume of the mix or

different fly ash.

AEAs are active surface substances, surfactants, which “settle down” on the cement
particles between water and air bubbles. The admixtures orient themselves so that one
end faces towards the water (hydrophilic end), while the other end is hydrophobic
(afraid of water) and creates stability in the air void system.

Some particles of SP attach themselves to the surface of the cement grains while the rest
scatters in the liquid. This causes the cement grains to physically separate from each

other simultaneously achieving a longer opening time and increased water reduction.



3 Methods and Experiments

3.1 Materials

In the experiments, selected materials left after the measurements in the FI test [1] were
used. All materials were stored in buckets at room temperature of 20°C. To the reference
mixes, aggregate was taken from big container and the moisture of it was measured
every time before mixing. The proper mixes were made on material constant moisture by

isolating a required volume of aggregate in a sealed bucket with plastic liner.

3.1.1 Cement, fly ash and filler

Carbon

Density L.O.1 Blaine
3 content 0 2 Data sheet
[g/om’] (%] 6] [m/kg]
Norcem .
Standard OPC 3,15 0 2,35 396 Appendix B
Norcem Fly .
Ash EA 2,30 1,74 2,27 334 Appendix B
Limestone 2,73 0 37,66 362 Appendix B

Table 1 Cement, fly ash and filler data

3.1.2 Air Entraining Agent (AEA)

Norwegian AEA, based on the producer statement, is diluted 1:9, i.e 1 part of AEA: 9
parts of water. Table 2 below shows recommended dosages based on the datasheets to
obtain 4-6% air in concrete. After all reference mixes, mass of AEAs was chosen as 0,7
mass % of binder. As we can see in the table included in the Appendix A, in the FI report
[1], 7 different AEAs were investigated. In this report, only 2 AEAs were taken under
consideration. AEA4 and AEA5 were chosen because they gave the most representative
results.

Minimum Maximum

Description recommended recommended  Data sheet
dosage (ul/g)  dosage (ul/g)

Olefin sulfonate 0,1 1,95 Appendix B

AEA4 — Sika
Multi Air

Based on the
AEAS5 — Mapeair  synthetic tensides
251:9 and tall oil
derivatives
Table 2 Description and recommended dosage of AEA

0,1316 1,316 Appendix B
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3.1.3 Superplasticizer (SP)

In all experiments, mass of Superplasticizer was chosen as 0,45% of mass of binders,

that corresponds to about 4,5 ul/g.

Minimum Maximum

SP Description recommended recommended  Data sheet
dosage (ul/g)  dosage (nl/g)
SP — Dynamon SX -
130

Akrylpolymer 3 12 Appendix B

Table 3 Description and recommended dosage of SP

3.2 Proportioning and correction

3.2.1 Proportioning and weighed in materials

Calculation of all materials needed for concrete is the most important part of the concrete
production. Mistake during calculation can have significant influence on the properties
of fresh and hardened concrete. Therefore, there had been a great focus on the
calculations before first reference mixes were done. First reference mixes were done
based on the Skanska Excel sheet which did not work for mortars with fillers. In our
case, where mortar with filler was investigated, it was very helpful to create a new Excel
sheet (Appendix C) which included all data and, without any problem and in a very fast
way, it was possible to calculate proportions of the concrete for different dosages of
Superplasticizer or Air Entraining Agents. Results obtained based on the new calculation
sheet were included in the report.

First of all, moisture of the aggregate was checked from formula as followed:

Myet — Mygry
f=—r——

mdry

Matrix volume and theoretical air content were assumed on the beginning of the work, so
it was possible to calculate volume of the aggregate:

— 3
Vagg =1m’ — Vmatrix - Vair

11



Knowing the moisture and the mass of the aggregate, it is easy to calculate to mass of
water absorbed by the aggregate:

Mw,abs =fx Magg

w/b — ratio of 0,45 was selected for all the mixes. If it is known, the formula below can

be used:

Mw,total
MC+MFA+k*MLS

= 0,45
where:

My totar = Mw,aadea + Mw,abs + Mw,aga + My, sp
C — cement, FA — fly ash, LS — limestone, W - water

Mass of the cement was assumed as 70% mass of cement and fly ash, mass of fly ash —
30% mass of cement and fly ash, and mass of limestone — 5% mass of cement, fly ash

and limestone:
Mc = 0,7 x (M¢ + Mgy)
Mgy = 0,3 x (M¢ + Mpy4)
Mg = 0,05« (Mg + Mgy + M)

If all those relationships are known, formula below can be used to calculate mass of

cement:

_M¢ Mgy Mps  Mygddea
Vmatrix =—+ + +

¢ Pra PLs Pw
Mass of admixtures is calculated as followed:

MAEA == 0,007 * (MC + MFA)

MSP == 0,004’5 * (MC + MFA)

12



After all calculation, proportioning values were multiplied by the volume of the mix to
get masses of the materials weighed in to the mix. Table 4 below present values of the

weighed in materials for matrix volume 400 litres depending on the sequence (see 3.3):

Mass of: No:EAand

Cement [g] 690,1 696 698,7
Fly Ash [g] 295,7 298,3 299,4
Limestone [g] 51,9 52,3 52,5
Aggregate [g] 3206,5 3206,5 3206,5
Water [g] 403,3 400,2 397,8
AEA [0] - 7 7
SP [g] - - 4,5

Table 4 Normalized proportions [kg/m~3]

When the results from experiments are obtained, to calculate air content due to density

method and correct proportions, formulas presented below can be used:

e Mass of free water can be calculated:

Mgygg * (f —abs)

Mw,free = 0,001 * (M qqdea + 1+ f —abs

where:
Muw,added — Mass of added water
Magg — mass of dry aggregate
f — moisture of the aggregate
abs — absorption of the aggregate
Maga — mass of AEA
Msp— mass of SP

e Theoretical air void free volume [m?]:

M M M M, x(1—
Ta,v,f,v = 0,001 = (—C + FA + LS + 299 ( )
Pc  Pra PLs Pagg

+ Mw,free)

e Theoretical air void free density [kg/m?]:

M
Mw,free + 0,001 * (MC + MFA + MLS + % —+ 0,3 % MSP)

Ta,v, f.d = T
a,v,fv

13



e To calculate air content due to density method, fresh density from experiments is

needed. Then, formula can be used as followed:

A=1-— pfresh

av,f,d
3.2.2 Correction of concrete part materials
Correction of concrete volume for measured air content:

Vconcrete,measured =1- gair,theor + sair,measured

Mass of concrete part materials in 1m? corrected for measured air content:

\
99 | Magg
m, _ my, «V
/ - m concrete,measured
me | ¢
! Madamix
madmix}
Pconcrete

Mass of concrete part materials in 1m?® corrected for measured density:

Mmoo ) '
ag99 L Magg

’
! !
m,, my " Pconcrete,measured

’ ’
m 'c J me Pconcrete
’ m, .
' admix
M admix

E = pconcrete,measured

3.3 Mix procedures

Before the proper mixes, reference mixes were done. Thanks to that, we could obtain the
required workability and repeatability of the experiments. At the very beginning, it was
assumed that target workability is slump of 80-90mm. Lower slump means that the
consistence of the concrete is stiff. With low w/b ratio, it was necessary to increase SP to

obtain required workability.

14



Numeration of the sequences was taken from the FI report [1] and it was as followed:

3.5.1 —only AEA, without SP
3.5.2 — SP after AEA

3.5.3 — SP before AEA

3.5.4 — SP with AEA

First of all, dry and wet materials were weighed. In the sequence 3.5.1 and 3.5.2, AEA
was added to the mix with water and SP was added separately. In the sequence 3.5.3
AEA and SP were added with half of the water respectively but in the sequence 3.5.4 SP
was added together with AEA to the water and then to the mix.

All materials were weighed on the scale with accuracy 0,1g presented on the Picture 1

below:

Picture 1 Scales

After all reference mixes, procedure for mixing was clarified. The diagrams in
Eickschen’s paper [5] show that the mixing time of the air entraining admixtures, longer
than 2 min, does not have significant influence on the air content. Therefore, variation of
mixing time and its impact on Air content was not studied. Independently from the
sequence of adding SP and AEAs, time of mixing for all sequences was the same. The
mixes were done in the Hobart mixer presented on the Picture 2:

15



Picture 2 The Hobart mixer and stopwatch

The mixing procedures for the particular sequences are presented below:

a) No AEA and SP
1) Dry materials 1min
2) Water 3min

b) 3.5.1 Only AEA
1) Dry materials 1min
2) Water + AEA  3min

c) 3.5.2 SP after AEA
1) Dry materials 1min
2) Water + AEA 2min
3) SP  1min

d) 3.5.3 SP before AEA
1) Dry materials 1min

2) %Water+SP 1min

3) %water+AEA 2min

16



e) 3.5.4 SP with AEA
1) Dry materials 1min
2) Water + AEA+SP  3min

3.4 Measurements method

Procedure for all the experiments was always the same, and it was followed as (numbers

in the brackets show time after mixing):

- Slump test (5min)
- Density method (8min)
- Pressure method (9min)

- Specimens (12 min)
3.4.1 Slump test

The slump test was done on the flat surface. Before every measurement, the steel cone,
steel rod, steel flat and the surface should be moisture to avoid sticking of the concrete.
The steel cone was filled with two layers and each layer was compacted with 25 rod-
digging to bottom of each layer. When the concrete was compacted and the surface was

levelled, the steel cone was lifted.
Equipment is shown in the Picture 3:

- Steel cone (high: 120mm, top diameter: 40mm, lower diameter: 80mm)
- Steel rod

- Steel flat to levelling surface

17



Picture 3 The steel cone, steel rod and steel flat

3.4.2 Density and pressure method

Based on the Norwegian Standard NS-EN 12350-6:2009 [10] procedure for density

method is as follows:

1) Calculation of the volume of the container (V)

2) Weighing the container (my)

3) Filling the container with concrete in two layers and compact it with rod and
some additional hammering on the sides to get side of coarse air bubbles

4) Levelling the surface

5) Weighing the container with concrete (m,)

6) Density is calculated from the formula:
m; —my

D =
|4

To calculate the air content in the fresh concrete, the formula is used as follow:

A=1— pfresh
pTAvf

Where:
Prresn depends on the value of the mass and the volume of the container. The volume of

the container is unchangeable but the error of the mass can occur.
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Equipment is shown in the Picture 4:
- Container (volume 1I)
- Chamber
- Hammer
- Steel rod

- Steel flat to levelling surface

Picture 4 Equipment for pressure and density test

One of the most important things to control in these experiments are compacting and
levelling the surface. If some errors occur during experiments, the results can be
affected. Below, calculations of error are presented:
For example:

Mass of empty container: 1113g

Mass of container with concrete: 3372¢g

Fresh density: prresn = w = 2259 kg/m3

Theoretical density: 2351 kg/m®

Aircontent: A =1 — 2259 _ 3,913%
2351

With 0,1g error during weighting:

Mass of container with concrete: 3372,1g

Fresh density: psresn = 3‘3721"91;1'113"9 = 2259,1 kg/m?

Theoretical density: 2351 kg/m®
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Air content: A = 1 — 2221 _ 3,908%
2351

3,913-3,908

Error: * 100% = 0,128%

Pravs depends on the corrected masses of all the part materials. Based on the Excel

sheet, it is important to weigh all materials with accuracy to one decimal place. Then, we

can test assured that our components are in the right proportions.

The pressure method is based on the Boyle’-Mariotte’s law, which states that at
constant temperature the volume occupied by an ideal gas (air in this case) is
proportional to the applied pressure; pV=constant=p’V’. Based on the Norwegian
Standard NS-EN 12350-7:2009 [11], procedure for the pressure method is as follow:

1) Points from 1) to 4) are the same like in the density method

2) Cleaning the flanges of the container and cover it assembly (ensure that there
is a good seal between the container and the cover)

3) Open valves

4) Inject water through either valve until water emerges from the other valve

5) Close valves and pump air into the chamber

6) Release the lever and read the indicated value

Accuracy of this method mostly depends on the preparation of the sample, but it is also
important to do experiment carefully. It is difficult to quantify of the error in this
method, because the equipment used in the experiments can be leaky and some of the

pressure can escape.

3.4.3 Specimens
Samples are made in the 4x4x16cm moulds. Procedure for the sampling is as follows:

1) Wetting the moulds with water
2) Filling the moulds with concrete in two layers, compacting each layer with

rod and vibrating table with frequency 50 Hz for 5 sec each layer
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3) Levelling the surface

4) Cover the samples with plastic for 24+1h

5) Specimens should be removed from the moulds, weighed (m;), volume of the
specimens should be determined (V) and then they should be placed in the
water (temperature of the water should be about 20°C)

6) Density of the hardened concrete can be calculated

7) Air content in the hardened concrete can be calculated using the density of

the hardened concrete

3.4.4 Air void analysis/ Image analysis

The last part of the work was to quantify the air void system in the hardened concrete
using the ASTM C457 method. Thanks to this method, total air content, specific surface
and the air-void spacing factor can be determined. Based on these factors, freeze thaw

resistance can be evaluated.

The most important thing in this method is the samples preparation. If the samples are
badly prepared, the results will be affected. To this experiment, 6 samples with two
different Air Entraining Agents were chosen. Each sample was cut into two parts to
provide good base for polishing, increase number of specimens, and observe how

bubbles are distributed from top to bottom of specimens.
Each sample was prepared using procedure as follow:

1) Cutting into two parts using diamond saw

2) Gridding

3) Polishing each part of the sample using equipment on the Picture 5 and
powders starting from 120 grit, then sand paper with 240 and 320, and again
powders 600, 800, 1000 and finally the finest one 1200 grit.
After every step samples were checked under the microscope whether there is
an improvement in polishing. As we can read in ASTM standard [10], use of
ultrasonic cleaners may be harmful to the surface, so we decided to place half
of the samples in the ultrasonic bath for 5min between every step and the
second half of the samples were just cleaned under the water using a soft
brush.
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Picture 5 The polishing equipment

4) The polished surface is coloured with black marker the air voids are filled
with a white powder (BaSQ,) with particle size 1 -4 microns

5) Prepared samples are scanned using the scanner and thanks to the Matlab
script, factors like total air content, specific surface and air-void spacing
factors can be calculated

3.45 PF - method

Another method to estimate the air void system in the hardened concrete is PF — method.
It is based on measurements of porosity in concrete by drying and weighing a sample in
different moisture conditions. Samples used in the PF method do not have to be regular
geometrically but in our experiments specimens with approximately the same

dimensions (4x2x16cm) were used.
Procedure:

1) Drying the samples at 105°C for 7 days to constant mass (W)
2) Water suction for 7 days (W>)

3) Determine the volume of the samples (V)

4) Pressure saturation under water at 50 bar water pressure (W3)
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Calculations:

Total porosities (including all pores):

W; —W;
Etot = T [%]

Porosities including only gel- and capillary pores:
WZ - W

Esuc = Tl [%]
e Air content:
Ws —W,
€air = v [%]

The Pore Protection Factor can be calculated from the formula as followed:

Eair Pa
PF = = [%]
Eair + Esuc Ps + Pa

Where:
P, is the air/macro porosity that does not fill by water suction
Ps is the suction porosity

PF should be >25% for frost resistance in the presence of de-icing salts and

>20% for pure water.
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4 Results and discussion

Influence on the air content depends on the sequence of adding SP and
AEA

Figure 1 shows the main goal of this work — difference in the air content depends on the
sequence of adding admixtures. On the graph, two different Air Entraining Agents are
presented — Mapeair 25 (AEA5) and Sika Multi Air (AEA4). The dark blue bar represents
mix without AEA and SP. The red bar represents sequence 3.5.1 (only AEA). The green bar
represents sequence 3.5.2 (SP after AEA). The purple bar represents sequence 3.5.3 (SP
before AEA) and the light blue bar represents sequence 3.5.4 (SP with AEA). For the matrix
volume 330 litres dosage of the SP was 0,2% of the mass of the binders while in the matrix

volume 400 litres dosage of the SP was 0,45% of the mass of the binders.

12

[
o

Pressure method - air content [%0]

330 400 400
AEAS5 AEA4

®No SP and AEA =351 m35.2 m353 m354

Figure 1 Master plot. Total air content for different adding sequences, AEAs and matrix volumes

In the table 5 and 6, results from experiments made on the matrix volume 330 and 400 litres
are presented. For the matrix volume of 330 litres only one type of the AEA was used —
Mapeair 25 while in the experiments with matrix volume of 400 litres two different AEAS
were used — Mapeair 25 and Sika Multi Air. For all experiments, the same data were used:
w/b ratio 0,45; OPC/FA was 70/30 and Limestone was 5% mass of the cement, fly ash and
limestone.
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AEAS — Mapeair 25

Matrix volume = 330 litres

No SP and AEA 351 3.5.2 3.5.3 354
Mix1 Mix2 Mixl Mix2 Mixl Mix2 Mixl Mix2 Mixl Mix2
Slump [mm] 30 40 20 20 60 45 60 35 60 60
Density method — air content [%6] [-1,1] [-1,0] 1,8 1,4 4,2 3,4 7,0 6,0 7,3 7,4
Pressure method — air content [%0] 1,5 1,5 3,6 3,7 5,2 50 7,4 7,0 7,8 7,6
Matrix volume = 400 litres
No SP and AEA 351 3.5.2 3.5.3 354
Mix1 Mix2 Mixl Mix2 Mixl Mix2 Mixl Mix2 Mixl Mix2
Slump [mm] 20 20 25 30 100 90 90
Density method — air content [%0] 0,5 0,6 1,2 1,5 [-0,5] 3,1 6,9
Pressure method — air content [%0] 2,0 2,0 3,0 3,0 1,5 5,8 7,6
Average density of specimens
[kg/m3] 2294,49 2260,18 2295,07 2211,88 2154,08
Air content in hardened specimens
(%] 0,7 2,1 0,6 4,2 6,7

Table 5 Air content in mixes with AEA5
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AEA4 — Sika Multi Air ‘

Matrix volume = 400 litres
No SP and AEA 3.5.1 3.5.2 3.5.3 3.5.4
Mix 1 Mix 2 Mix 1 Mix 2 Mix 1 Mix 2 Mix 1 Mix 2 Mix 1 Mix 2
Slump [mm] 20 20 25 105 90 90
Density method — air content [%0] 0,5 0,6 2,1 0,3 50 12,6
Pressure method — air content [%0] 2,0 2,0 3,5 2,2 59 11,2
Average density of specimens
2 2294,49 2263,4 2287,74 2188,36 2044,37
[kg/m’]
Air content in hardened specimens
0,7 2,0 0,9 52 11,4
[%6]

Table 6 Air content in mixes with AEA4

[ ]- negative values. Results obtained in the density method where materials data needed for calculations. The negative values of the air
content can be caused by the wrong value of the fly ash density. As we can see in the data sheet (Appendix B), density of fly ash can vary

depending on Loss on Ignition.
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As we can see on the Figure 1, there is an effect of adding sequence for SP and AEA. We
can also observe that dosage of SP has influence on the air content. When we consider mixes
with matrix volume 330 litres, SP does not affect the air content because quantity of SP is
low. When we look at the bars where results from mixes with 400 litres of matrix volume
are presented, there is an effect of adding SP after AEA. When we compare these results and
the results from FI test report [1], we can see that in both cases SP ‘kills’ air when it is added
after AEA. The most efficient sequence is 3.5.4 when we add AEA with SP at the same
time. We can also observe that there is no significant difference in the air content when we
compare AEA4 and AEAS for the sequences without SP and AEA, 3.5.1, 3.5.2 and 3.5.3 for
the matrix volume 400 litres. However when we came to the sequence 3.5.4 there is a
significant difference in the air content. It means that the AEA4 — Sika Multi Air is more
efficient that AEA5S — Mapeair 25.

Workability vs. air content

Figure 2 shows the relationship between workability and the air content due to pressure
method for experiments done with matrix volume 330 litres and AEAS.

Matrix volume: 330 litres Slump [mm] vs. air content
(pressure method) [%6] - AEAS
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Figure 2 Matrix volume 330 litres: workability vs. air content - AEA5

Figure 3 shows the relationship between workability and air content due to pressure method
for experiments done with matrix volume 400 litres and AEADb.
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Matrix volume: 400 litres Slump [mm] vs. air content
(pressure method) [%] - AEAS
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Figure 3 Matrix volume 400 litres: workability vs. air content - AEA5

Figure 4 shows the relationship between workability and air content due to pressure method
for experiments done with matrix volume 400 litres and AEAA4.

Matrix volume: 400 litres Slump [mm] vs. air content
(pressure method) [%] - AEA4
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Figure 4 Matrix volume 400 litres: workability vs. air content - AEA4
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As it is seen from figure 2, with higher workability air content increases. The results on the
figure 2 are with low dosage of SP and the consistence of the mortar is stiff and stiff/plastic.
We cannot observe any relationship between parameters as we can see on the figures 3 and
4, where the consistency is more flowable. It seems that for the slump below 90mm, the air
content in concrete increases. However, when we exceed 90mm, the air content significantly
drops down. Both of the experiments were done on the same matrix volume and with the
same dosages of AEA and SP. It verifies that SP has influence on the air content. When we
increase the workability, the air content also increases. However, special care should be
taken when increasing the SP dosage, because of known negative effects of high dosage of

SP on the air content, as it usually contains damper according to manufacturer.
Pressure method vs. density method

Figure 5 shows correlation between the density and pressure method. The comparison was
made for all experiments with 330 and 400 litres of matrix volume and for AEA4 and AEA5
as well.

Pressure method vs density method - air content [%0]
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Pressure method [%0]
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o
-2,0 0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0
Density method [%6]
® AEADS - matrix volume 330 litres B AEADS - matrix volume 400 litres

AEA4 - matrix volume 400 litres

Figure 5 Pressure method vs. density method - air content [%]
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As we can see on the figure 5, there is a good correlation between the pressure and the
density method for all cases, indicating that measurements were taken in a consistent
manner. There are some smaller or bigger outliners which could be caused by the failure in

the measurements, but all in all the good correlation was kept for all experiments.
Image analysis

After polishing samples using powder with 1200 grit, the surface of the samples observed
under the microscope was rough and it was not ready for further preparations (see photos
D30, D31 and D32). Despite this, we decided to coloured half of the specimens and see
whether the roughness of the surface has big influence on the further results. On the picture

below, coloured and filled samples with the white powder (BaSO,) are presented:

Picture 6 Prepared samples for Image analysis

As we can see, the samples are not representative and in the Image analysis we would
obtain erroneous results. There is a noticeable excess of white powder, BaSO,4, which filled
the roughed surface of the specimens and, as it is known, white points in the Image analysis

represent air pores in concrete.
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Therefore, we decided to polish the second half of the samples using finer sand paper, 2000
and 4000 grit. Normally, the process of polishing is finished on 1200 grit powder. Sand
papers with finer size are rarely in use for concrete / mortar. Unfortunately, surface was still

rough and it was not ready to further experiment.

The roughness of the surface is caused by fly ash in mortar, which matures longer than
cement and limestone used in the mixes. During the polishing, immature particles of the fly
ash were separate and it caused rough surface.

Due to lack of results on hardened mortar, we decided to perform PF test [12] instead of
Image analysis. From the PF-method we obtain total air content in hardened state, which can
be compared with total air content in a fresh state. Unfortunately, parameters of pore

structure cannot be obtained from PF-method.

Air content in the fresh concrete vs. Hardened concrete

In the table 7 comparisons between the air content in the fresh and hardened concrete is
presented. The air content in the fresh concrete is taken from Pressure method and in the

hardened concrete from PF test. PF factor is also included in the table below.

AEAS AEA4
Method 35.2 3.5.3 354 35.2 353 354
Pressure method [%6] 1,5 58 7,6 2,2 59 11,2
PF — method [%] 3,4 7.4 8,8 4,1 7,5 12,5
PF factor [%0] 16,4 28,7 34,3 20,1 31,1 43,4

Table 7 Results from Pressure method and PF test

As we can see, independently from the sequence, air content in the hardened concrete is
higher than in the fresh concrete by 1-2%. It may be caused by the coalescence of smaller air
bubbles to bigger, as it is described in the Fagerlund’s paper [6], resulting in higher air
content in the hardened concrete. In the PF test, at least 3 specimens from every sequence
should be tested. In our case only one specimen from every sequence was tested, therefore

the results should be treated with care.
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In the table PF factors, which determine the frost resistance, are presented. Almost all
specimens have PF factor above 20 % what means that they are frost resistant for fresh

water).

Conclusions

Air entrainment and stability of the pore system in fresh and hardened concrete is an
extremely complex problem. It is caused by the lack of knowledge about the effectiveness of
the sequences of adding admixtures and others factors affecting the air-void system in the
concrete. Every component in concrete mixture, including cement, fly ash, binders and
admixtures affect the air void system to varying degree. Use of different mixers, transport,
placing and compaction methods and other operations affect the air entrainment. This report
is focused on adding sequence of admixtures - Air Entraining Agents (AEAS) in

combination with Superplasticizer (SP) and its effect on the air-void system.

Investigation about sequence of adding AEAs and SP included in this report was based on
the FI report [1]. Based on the results obtained in this experimental investigation, following

conclusions are drawn:

1) When we are talking about combination of adding admixtures, it is clearly
seen that the Foam Index test results correlate well with results on mortar
mixes in present report. The most effective sequence, when the highest
volume of the air pores in concrete is required, is the sequence where Air
Entraining Agent is added with Superplasticizer. Both tests show also that SP
added after AEA “kill’ the air in the mix, hence this sequence should be
avoided during production of air-entrained concrete.

2) As it was mentioned in this report, calculations have significant influence on
the final results. Before the right Excel sheet was created, Excel sheet from
Skanska had been used. Skanska Excel sheet was created for simple
calculations with ordinary Portland cement (OPC) or Fly ash cement (FA
cement). In this case, OPC was mixed with fly ash and filler in the laboratory
so the Excel sheet from Skanska did not suit our test program.

3) Dosage of the SP has influence on the air content in the concrete if dosage of

the AEA is kept constant. Higher dosage of the SP increases the workability
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of mixture, so the air content in concrete decreases as we can see on the
screen shots from Excel sheet included in the Appendix C.

4) Concerning adding sequences, different AEAs behave in the same way. Only
total air content differentiates, depending on the efficiency of surfactant.

5) There were many combinations of different mixture parameters used in the
work. Despite clear correlations of some of the parameters, the data requires
to be regained from repeated experiments to increase data pool and

probability of conclusions.
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Appendix A — Foam Index — Results table

Procedure 3.5.1 3.5.3 3.5.4 3.5.2
AEA(without SP before SP with AEA  SP after AEA
SP) pl/g AEA (SP/AEA, time (SP) plfg
(SP/AEA) stable) pl/g
Material/binder ul/e
OPC[NO) AEAL 0,6 - -
OPC[NO) AEA2 0,8 - -
OPC(NO) AEA3 0,6 - -
OPC(NO) AEA4 0,4 - - -
OPC(NO) AEAS 0,6 40,6 4/0,6(4,55ek)? 1
OPC(NO) AEAS 0,6 a1 4/1(3,5sek) 2
OPC(NO) AEAT 0,4 - - 1
OPC[NQ) 70% + FA[NC)30% AEAL 2,6 4/1,8 4/1,8(6,59sek) 2
OPC[NQ) 70% + FA[NC)30% AEAZ 4 - - 2
OPC[NQ) 70% + FA[NC)30% AEA3 1,8 - - 2
OPC[NQ) 70% + FA[NC)30% AEA4 14 4/1,8 4/1,8(26,5s2k) 2
OPC(NO) 70% + FA[NO)30% AEAS 3,2 41,24 4/1,2(4,4152k) 2
OPC(NO) 70% + FA[NO)30% AEAG 54 - - 4
OPC(NO) 70% + FA[NO)30% AEAT 2,8 a1 4/1(5,31sek) 4

Table Al Foam Index - results table

Table Al shows results obtained in the FI test described in the report [1] written by the
Bachelor students from Gjevik University. In this table, dosages of AEAs and SP in unit of pl/g
are presented. For AEAS we can see that there are indexes with dosages. They mean that these
values are average from 5 tests. Number in the bracket show time where foam was stable. As it

is known from this report and from FI report [1] SP “kills” the foam.
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Appendix B — Materials data sheets

PRODUKTINFORMAS]JON

Standard
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Fasthetsutvikling
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Fasthetsutvikling

Fasthetsutvikling er en sentral egenskap for planlegging, styring og ut-
forelse av alle betongarbeider. Fasthetsutvillingen er avhengig av sement-
type, tilslag, masseforhold, herdeforhold (temperatur, fid og fuktighet), og
eventuell bruk av tilsetningsmaterialer eller -stoffer. | figur 1 er vist et eks-
empel pa trykkfasthetsutviklingen som funksjon av masseforhold og alder
ved 209C vannlagring for betong med Norcem Standardsement.

Tidligfasthet

Tidligfasheten i betong er avhengig av temperatur og eventuell dosering
av tilsetningsstoff med retarderende effekt. | figur 2 er vist trykkfasthet for
betong etter 1 degn med forskjellig masseforhold med og uten 1% plas-
tiserende tilsetning sstoff (P-stoff) med Standardsement. Prevene er lagret
ved 95% luftfuktighet ved varierende temperatur.

Fasthetsklasse - masseforhold

Med normal, god styring av betongproduksjonen, er det behov for en over-
heyde pa ca 7 MPa ved de ulike fasthetsklassene for & produsere med
tilstrekkelig sikkerhet mot undermalere. Standardsement gir felgende ret-
ningsgivende verdier for minste og sterste masseforhold i ulike fast-hetsk-
lasser for betong uten luftinnfaring.

Fasthets- | B20 B25 B30 B35 B45
klasse

Minste -
storste
masse-
forhold

068-076 |057-068 |051-057 |042-051 |0,35-042

37



2

Trykifasthet [MPa)

g

Bestandighetsklasse

NS-EN 206-1 klassifiserer betongens miljgpavirkninger i eksponerings-
klasser. | nasjonalt tillegg til denne standarden er de ulike ekspone-
ringsklassene gruppert i seks bestandighetsklasser med krav til betongens
maksimale masseforhold (se tabell 3). Tabell 2 viser anbefalte kombina-
sjoner av bestandighets- og fasthetsklasser. Retningsgivende verdi-
er for storste masseforhold i de ulike fasthetsklassene er gitt i tabell 1.
| figur 3 er vist sammenhengen mellom bestandighetsklasse og fast-
hetsklasse i et variasjonsbelte forarsaket av ulike produksjonsforut-
setninger. Figuren gjelder for betong med Standardsement uten
luftinnfering.

Anbefalte kombinasjoner

Bestandighetsklasse MS0 Fasthetsklasse B20 el hoyere
Bestandighetsklasse M50 Fasthetsklasse B25 el hoyere
Bestandighetsklasse M45 Fasthetsklasse B35 el hoyere
Bestandighetsklasse M40 Fasthetsklasse B45 el hoyere

Valg av bestandighetsklasse (nasjonale krav)

Eksponeringsklasse M0 Méo M4s MF45 M40 MF40*

X0

XC1, XC2, XC3, XC4, XF1

XD1, XS1, XA1, XA2, XA4 . . . .

XF2, XF3, XF4

XD2, XD3, XS2, XS3, XA3 .

XSA Botong: ing og beskyttelsestittak smrskilt.
Betongsamme nsetningen skal minst tilfredsstille kravene til M40,

Sterste masseforhold

vi(c + Ekp) 080 | 060 | 045 0,45 0,40 0,40

* Minst 4% luft
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NORCEM

v www.norcem.no

Deklarerte data

Norcem Standardsement tilfredsstiller kravene til Portlandsement

EN 197-1-CEM | 42 5R

Kjemiske data

Egenskap

Deklarerte data

Krav iflg NS-EN 1971

Finhet (Blaine)

370 m2/kg ') / 380m2/kg ¥)

Trikalsiumaluminat C3A

7%

Alkali {ekv Nap0, NB21)

1,3% 1 11,3% )

Deklarert verdi ibt NB21

Mineralske tisetninger

4%

s 5%

Gledetap

2,5%

s5%

Uleselig rest

1%

s 5%

Suifat (S03)

34%

S 4%

Klond

< 0,085%

<0,1%

Vannlgselig Cré+

<2 ppm

<2ppm”*)

Spesifikk vekt

i) Brevik-produsert
i) Kjopsvik-produsert

3,15 kg/dm3

*) | henhoid til Forsknft om vannieselige kromater | sement- og befongrelaterte materialer

Fysikalske data

Egenskap

Deklarerte data

Krav iflg NS-EN 197-1

Trykkfasthet 1 degn

21 MPa

Trykkfasthet 2 degn

32 MPa

2 20 MPa

Trykkfaasthet 7 degn

42 MPa

Trykkfasthet 28 degn

52 MPa

2 42,5 MPa
<62,5 MPa

Begynnende bindetid

130 min 1)/ 125 min 1)

260 min

Ekspansjon

1mm

<10mm

i) Brevik-procusert
i) Kjapsvik-produsern
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FLYGEASKE

Norcem AS ivaretar salg av flygeaske til sement- og betongproduksjon. Flygeasken er sertifisert
i overensstemmelse med kravene i NS-EN 450-1, klasse A.

Flygeaske er et bearbeidet restprodukt fra kull brukt i kullkraftverk. Fly geaske er silikatholdig og er
et pozzolan som sammen med sement og vann gir en tettere betong. Kombinert med sement har

www.norcem.no

fly geaske vaert brukt i Norge siden 80-tallet. Norcem FA-sementer inneholder flygeaske.

DEKLARERTE VERDIER

Flygeasken er sertifisert i overensstemmelse med kravene i NS-EN 450-1:2012, klasse A.

Egenskap Deklarerte | rav i henholdtil NS-EN 450-1
Glodetap (%) <50 Tilfredsstiller kravene gitt NS-EN 450-1
Klorid (% c1") <010 Tilfredsstiller kravene gitt NS -EN 450-1
Sulfat (% SO,) €30 Tilfredsstiller kravene gitt NS -EN 450-1
Fritt kalsiumcksid (% fri CaO) €15 Tilfredsstiller kravene gitt NS-EN 450-1
Reaktivt kalsiumoksid (% reaktiv CaO) <10 Tilfredsstiller kravene gitt NS-EN 450-1
Partikkeldensitet (kg/m? 2300 Deklverdi+/- 200 kg/m’

@vrige kjemiske og fysiske parametere

Tilfredsstiller kravene gitt NS-EN 450-1
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Product Data Shast
Edition 5.3.2011
Slka Multi Air 25

Sika® Multi Air 25
Multi Component Synthetic Air Entrainer

Description

Sika Multl Alr 25 is a multi component synthetic air entrainer. Sika Multl Alr 25
meets the requirements of ASTM C-260 for alr entralning admixiures.

Applications

Sika Mullii Air 25 is recommended for use whenaver air entrainad concrete is
desired, Sika MulB Alr 25 & very effective in spacialized appliications such as low
slump, harsh, lean mixes or in mixes ulilizing fiy-ash.

Banefits

Ar entrainment is recognized as the most effective prevention against concrata
damage caused by repefitive freeze-thaw cycdes.  Alr entraining agents help

{0 prevent scaling by creating microscopic alr voids that water trapped in the
concrete can expand into when the concrete freezes. This prevents cracking
caused by the natural expansion of ice, Entrained air volds In the concrete will
also increase durability in harsh environments where concrete is exposed to
deicing salls, marine salis and sulfates. Besides that Air entraining agents aleo
improve workablity and placeability of a cancrete mixiure and reduca bleading,

How to Use
Dosage

The amount of S Mulli Ar 25 will vary depending on the mix design and air
content required for a parsicular project. Dosage rates needed to enlrain between

4 and 6 percant vill typically fall between 0.5 and 1.5 11, oz, per 100 |bs. {10- 195
mi100 kg) of cementitious materials. In special applications such as paving, dry
cast appications or mixes utlizing flyash, the dosage may increase above the
recommendad dosaga range. In cases such as this, aciual tesfing Is recommendad
10 determine proper dosage range. If required, higher alr content may be obtained
by increasing the dosage rate. Combination with other admixtures, particularty watar
reducers, accelarators and refarders, may decrease or ncrease the effectivences of
Sika Multi Air 25, therefore random air contént lesis with an alr-meter aftar batching
shouki be performed to provide deslred consistancy. In mixes requiring @ lower or
nigher amount dossge rale, it is always recommended to contact your lecal regional
offica or technical service department at 1-800-833-7452.

Mixing

Measure the required quantty per batch manually or with automalic dispenser
equipmenl, Add Sika Mulll Alr 25 to mixing water or sand. Do not mix with dry
cement. When used in combination with other admixtures, cara must b faken to
dispense each admixiure separately inlo the mix,

Combination with other Admixtures: Combination with other admixtures, may
affect the amount of entrained air in the mix. If multiple admixtures are used,
actusl air cordent should be veriSed as per applicable ASTM standards to ensure
deelred level of air entrainmant Is achieved.,
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Packaging

Ska Multl Al 25 is available In 55 gallon drurn (208 liter), 275 gallon totes (1040
Mess) drums and bulk defvery.

~ Storage and ShelfLife  Sika Multi Air 25 should be stored at abave 40°F (5°C). If frozen, thaw and agiate

thoroughly to retum to normal state.

Shell B¢ when stored in original packaging in dry warehouse conditions between
50°F and 80°F (10°C - zggmp ghg o

Typical Data
 Appearance

Yellow, clear liquid

- Spacific Gravity

1.010

- Caution

IRRITANT. Cantains Sodium C14-16 Olaﬁn Sulfonate for Bbhé%
S‘CASWM'H) and Amides, coco, N,N-bls (hydroxyetiyi) (CAS: 88303.42.8),
By cause eye/skinrespiratory / irritation. May be harmrul if swallowed,

; Handling and Storage Avold direct contact. Wear perm (chemical resistant

gogolesiglovess/dothing) to pravent diract oontau skin and eyes. Use only in
well ventilated areas. doors and windows d use. Use a properly fitted
NIOSH respirator if ventilation is poor, Wash with soap and water after
uge. Remove contaminated clothing and [aunder reuse.

First Aid

-Holdeyudswdpenam flush tharoughly with water for 15 minutes. Skin =

Wash ekin thoroughly for 15 minutes with
andwater Inhalation - Removuo fresh ai. Ingestion — Do not induce vomiting.
Dilute with wa ler. Contact physician. In all cases contact a physiclan
immediately if symptoms persist.

Cloan Up

Use personal pratective equipment (chemical resistant gloves/ goggles/clothing).
Without direct comact, sweep up spilied or excess product and place in sultable
sealed container. Dispose of excess product and contalner In accordance with
applicable locsl, siate, and federal regulatione.

uwmmwm-mmunmom *NOT COVILWPTICH « FOR INSUSTRWL USE oL
ummumm wm %ﬂmmu"mmum
reslog 1 the sppsicaton sad dﬂm 0 hrewiege of 18 poduds
m--mmv—-mwuﬂm m hmn. e R ences B rades-
§cLaraion, 0w wnd tenxllag concllkrm, achud umwmwmuammmmmmmm
H.nbli pravsa cf sach e, S 10 5 peod vols, 0oy sled nynmg:
m‘nummnmum advcn, ~|mmum}mnmmwuu
Sk reservos the rgit W mum -o nxmlu of lls arocucts vmul ratlce. Nl salos of 8 ) are sus-
[oct to 98 cerreat torme and Cosd e wlich e avaiabin o m 9&! 752

Prior (o each sea of my mmwmu-wpm and follew Be wenbigs Mmmnm‘a
mwnnmbl-it-cl pmxmlmmnuh(’,munmmwnmm- e albaiag Lo o
Q02237422 Nating contained i Sy el 0 sead e Reliow e wardngs el inaricion
mmmm.umuumnwm , ot ] Ndesial Saduly Dale Sheel i do peoduci ue

EKA namrts Hie godad far see yeer fom date of 1o be Yre fon Gefodty eral % et B Mehnkal pepats
mn.m!tamlﬂnutlﬂn-ﬂ-WIOMMMWWMCMQ:Iﬂ(l‘-ni
—u-:luu BCE a2l fcnedy a0 Dp WrReg 1D D (Uchone [ioe Of repiscanent of prodest wackastes 3 kb or cosl of labsc
WARRANTIES E: OR INPLIED SHALL APH. lmllﬂ AMY WARRANTY OF NE

OR Fﬂﬂﬁit FOR A PARTICULAR FURPOSE, SIKA SHA BE LIABLE UNDER ANY LEGAL THEORY FOR
SPECIAL OR CONSEGUENTIAL DAMAGES. SBCA SMALL lo'l’ - mma: FOR THE USE OF THIS FIOIWC'T N
A MANNER TO INFRINGE ON ANY PATENT OR ANY OTHER INTELLECTUAL PROPERTY RIGHTS HELD BY OTHEA!
Sika Corparation S Canadha Inc,
201 Pollo Averee 201, Dekvuar Asernis
Lyndheral, N2 070711 Painte Cleie, QC HIR 4A8 1-800.933.51KA WW
Phone: (201) KX-0000 Phoon (614) 867-2610
Fax: (01 36220 Fase 514 8072087
www.slhousa com wwwalece
Ry d Balve & Fer it oowon of your messesd i repromeriathve, Sadact yOUr FOgSNl GOMTIY,
s Porth East Roghortt Ferbosa bils, PR, Prece: (215 205 2200  Nos Certral Region; Madon, OH, Phones (M0 3511585

Scuth Baxt Raglon; Comgers, OA, Phone (770) 7451300 Soum Certrad Megion: Mesgabe, TX, Phons (B07) 283 0400

Weatem Megion: Sacts Fa Bpcege, CA, Phose: (322 #08.0650
Coretier  Outario! Misiuseugs, ON, Pron: (J0) 793177, Albaria; Edvanton, A2, Paece: (7800 438 6111
el vt D, U A P28 SO0, Mot SUE P14 P, Kk Pe

a3 pegietomcd trademad. A0 18 LA, Priosed o LBA.
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Air entraining
admixture

AREA OF USE

Mapeair® 25 1:9 is a surface active agent which
promotes the formation of small air bubbles and is used
to improve the frost resistance of concrete and mortar.
Mapeair® 25 1:9 also gives improved workability and
reduces the risk of segregation. The product is usually
used in combination with Mapei's plasticising or
superplasticising admixtures.

Mapeair® 25 1:9 is based on synthetic tensides and tall
oil derivatives.

TECHNICAL CHARACTERISTICS

Concrete always contains a certain amount of air
(1-39). In order to meet the usual requirements of

4 - 6 % air in fresh concrete, Mapeair® 25 1:9 is added,
which produces smaller and more evenly distributed

air bubbles, which leads to improved freeze-thaw
resigance.

Air introduced during mixing is transformed into small
evenly distributed pores in the pesence of

Mapeair® 25 1:9. These entrained air bubbles also
improve the workability and reduce the amount of water
required. Increasad air content generally leads to a
decrease incompressive strength. A general guide is
that 1 % of air reduces the compressive strength by

5 %. This is partly compensated for by the reduced
need for water and by adding plasticising and/or
superplasticizing admixtures.

Mapeair® 25 1:9 will also improve stability during
transportation by reducing the risk of segregation for

concrete containing a low vaume of fine particles and
actively preventing bleeding (transportation of water to
the surface of fresh concrete).

WORKING INSTRUCTIONS

Mapeair® 25 1:9 is delivered ready for use and can

be added directly into the mixer. To obtain aneven
distribution of air from batch to batch, it is important
that Mapeair® 25 1:9 is added at the same stage of the
mixing procedure each time.

The dosage required to give the desired air content
varies with aggregates, cement type and quantity
present. Other additives may also have an influence.
Itis important that the addition of Mapeair® 251:9 is
determined by test mixing and thatthe air contentin the
fresh concrete is regularly checked.

DOSAGE
0.5 - 5.0 litres of Mapeair® 25 1:9 pr. m® of concrete.

ATTENTION

Variations inother components in the concrete can
greatly influence the formation of air bubbles in
concrete. In some cases duration of tansport and the
type of transportation equipment used can produce
variations in air content.

If the mixing time has been too short the total measured
air content may increase from production to delivery,
whereas in most cases a reduction of air content is
observed. Normally this reduction is the result of the
release of larger, undesirable air bubbles.

7 A NS SO VPV @aW. T SR
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Hence, the producer must base his
calculations on experience with the particular
constituents usad.

PACKAGING
Mapeair® 25 1:9 ks available in 1000 liter IBC
tanks and in tank.

STORAGE

The product must be stored at temperatumes
between +8 and +35°C, and will retain its
propertes for at least one year when stored
unopenad in original packaging. If the
product is exposed to direct sunlight, colour
variation may occur, but this will not affect
the technical properties of the product.

SAFETY INSTRUCTIONS FOR
PREPARATION AND USE

Mapeair® 2519 is nat considerad dangerous
accoding to Europaan regulations

regarding classification of c hemicals. It is
recommended to wear gloves and goggles
and to take usual precautions for handling of
chemicals,

For further and complete information about
safe use of the product, please refer tothe
latest version of the safety data sheet.

PRODUCT FOR PROFESSIONAL USE

WARNING

Afthough the technical details and
recommendations contaned in this product
data sheet correspond fo the best of our
knowladge and expenance, all the above -
information must, in every case, be taken as
merely indicative and subject to confirmation
after long-term practical application: for

this reason, anyone whointends to use the
product must ensure beforehand that it is
sutable for the envisaged application: in
every case, the user alone is fully responsible
for any consequences deriving from the use
of the product.

Please refer to the curmrent version of the
technical data sheet, available from our
web site www.mapei.com

All relevant references
for the product are available
upon request and from
www.mapei.com

3
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TECHNICAL DATA (lypical values) b
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transparent E_;
)

low wiscosity < 20 mPa*sS

0.42 + 0,04

100 & 0.0
pH: 8521
Chioride content, (%): =005
Alkali content (NayO-equivalent), (%): =02

TERISTICS OF CONCRETE
CONTAINING MAPEAIR 25 1:0:

Volume of airin concrete mixture EN 12350-T:

‘

6 % at dosage 0.05 % weight of cement
(mEmnce2.2 %)

Spacing factor in hardened concrete,
EN 480-11 jmmj:

0.190 {requirement < 0.2 00)

Specific surface, EN 480-11, (mm#/mm?):

25.2 (requirement = 25)

Frost resistance (scaling) - EN 12380-9 (kg/m#):

45

0.05 (best classification < 01 © excellent)

04.12.2013 GB

MADPEI
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Superplasticizing
admixture

BESKRIVELSE

PRODUCT DESCRIPTION

Dynamon SX-130 is a very efficient liquid
superplasticising admixture, based on modified acrylic
polymers.

The product belongs to the Dynamon System basad
onthe DPP (Design Performance Polymers) technology,
a new chemical process that can model the admixture's
properties in relation to specific performances required
for concrete. The process is developed by means of

a comrplete design and production of monomers (an
exclusve Mape know-how).

AREAS OF APPLICATION

Dynamon SX-130 is a superplasticizing admixture used
to improve waorkability and/or reduce the amount of
mixing water.

Dynamon SX-130 is a Dynamon version with a

higher share of active paymers. At a normal dosage

of 0.3 - 1.2 % by weight of cement you will achieve
considerable higher water eduction compared to other
Dynamon products. The product is recommendable

if you have a relatively big mixer and/or an accurate
dosing system.

All Dynamon products are significantly dfferent

from conventional sulphonated melamine based and
sulphonated naphthalene based superplasticizers, and
also from first generation acrylic based paymers in
terms of their superior water-reduction.

Over-dosing can cause concrete separation. We always
recommend test productions production,using the
actual parameters.

Dynamon SX-130 can give higher early strength than
other superplastic izers, even at low temperatumes.

The dosage required to achieve a particular workability
will be considerably bwer for Dynamon SX-130 than for
previous superplasticizers. Incontrast to conventional
melamine or naphthalene basad admixtures,
Dynamon SX-130 produces the maximum effect
regardless of when it is added, but the time of addition
can influence the mixing time.

If at least 80 % of the mixing water is added before
Dynamon SX-130 the required mixing time will
generally be shortest. It is nevertheless important to
perfarm tests using the actual mixing equipment.

TECHNICAL PROPERTIES

Dynamon SX-130 is an aqueous solution of active
acrylic copolymers which effectively disperse the
cement grains.

This effectcan be used in three ways:

1. To educe the amount of mixing water, and
simuttaneonaly maintain the concrete workability.
Lower w/c ratio gves increasad strength, reduced
permeability and improved durability.

2. To increase workability compared to concrete with
the same w/c ratio. The strength remains the same
but ease of placement is improved.

TN SO VPV 0 @ T SR
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3. Toreduce both water and cemant without
altering the machanical strength. Through
this method it is possible to reduce costs
(less cement), shrinkage (less water) and
alsothe risk of termperature gradients due
to the lower heat of hydration.

This last effect s partic ularly important for
concrete containing a high percentage
of cement.

COMPATIBILITY WITH OTHER
PRODUCTS

Dynamon SX-130 can be combinad with
other Mapei admixtures, e.g. Mapefast
accalerating additives and Mapetard
retarding admixtures

The product is also compatible with Mapeair
air entraining admixtures for production of
frost resistant concrete (the selection of air
entraining admixtures depands upon the
other components &.Q. cemant type and

aggregate).

DOSAGE

To achieve the desired results (strength,
durakility, workability, cerment reduction)
add Dynamon SX-130 in dosages betwean
0.3 and 1.2 % of the cement waight.
Increased dosages will increase the open
time (the time the concrete is workable).

PACKAGING

Dynamon SX-130 is available in 25 liter cans,
200 liter drums, 1000 liter IBC tanks and
intank.

STORAGE

The poduct must be stored at a temperature
of betwean +8 and +35°C, and will etain

its properties for at least one year if stored
unopened in its original packagng. If the
product is exposed to direct sunlight, colour
variation may occur, but this will not affect
the tachnical properties of the product.

SAFETY INSTRUCTIONS FOR
PREPARATION AND USE

Dynamon SX-130 is nat considerad
dangerous according to the European
regulation regarding the classification of
admixtures. It is recommended to waar
glowves and goggles and to take the usual
precautions taken for the handling of
chemicals,

Fer further and complete information about
the safe use of our product please refer to
our latest version of the Material Safety Data
Sheet

PRODUCT FOR PROFESSIONAL USE

WARNING

Although the technical details and
recommeandations contaned in this product
data sheet carespond to the best of our
knowledge and axperience, al the above -
infarmation must, in every case, be taken as
marely indic ative and subject to confirmation
after long-term practical application: for

this reason, anyone who infends to use the
product must ensure beforehand that it is
sutable for the envisaged application: in
every case, the user alone is fully responsible
for any consequences deriving from the use
of the product.

Please refer to the current version of the
technical data sheet, available from our
web site www.mapei.com

All relevant references
for the product are available
upon request and from
www.mapei.com
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TECHNICAL DATA (typical values)

n
5 yﬂagi?" 30

Appearance: liquid
GColour: yellowish brown
mwmmi.m. easy flowing; < 30 MPa"S

Solids content, %: 30015
Density, g/fem* 1,08 & 0.2
pH-value: B51
Chlorides, % =005
Alkali content jequiv. Na:O) %: <2.5

CONCRETE PROPERTES

As a water-reducing admixture (same workability) Reference Dynamaon SX-130

Cement kg/m? type CEM I): 350 350
Admixture dosage (% by weight of cement): 0 0.6
Water to cement ratio: 0.59 043 E
Water reduction (3): - 27 E.E
Worlability, mm: *Ei
- slump, 5 min 220 230 E;
- slump, 30 min 200 200 E%
Compressive strength N/mm? cubesk fﬁ
- 1day 18 25 ;%
- 7 day 38 58 L
- 28 days 50 73 E_;
g

02.09.2013 GB

MADPEI

BUIDING THE FUTURE

LWL VL naW T TRIA.



Appendix C — Calculations

Table C1 shows calculations for mixes with matrix volume 4001 and AEA5

| matriks volure [I] 400 Mo AEA and 5P 3.5.1 3.52 3.53 3.54
30.03 30.03 30.03 30.03 30.03 30,03 05.04 31.03 3103 06.04 06.04 31.03 3103 06.04
Proportioning: mix 1 mix 2 mix 1 mix 2 mix 1 mix 2 mix 3 mix 1 mix 2 mix 3 mix 4 mix 1 mix 2 mix 3
OPC [kg/mn3] 313,67| 313,67 316,37 31637 316,91 316,91 317,59 316,91| 31691 317,1E| 317,58 316,91| 316,91 317,59
FA& [kz/m"3] 134.43| 134,43 135,50| 13550 135,82| 13582] 13611 13582 13582| 13584 13611 13552 135,82| 13611
Limestone [kz/ma3] 23,58 23,58 23,78 23,78 23,53 23,53 23,58 23,583 23,53 23,85 23,BE 23,53 23,53 23,E8
Aggrezate [kg/ma3] 1457,50| 1457,50 1457,50| 1457,50 1457,50| 1457,50| 145750 1457,50( 1457,50| 1457,50| 145750 1457,50| 1457,50( 145750
total moisture 0,0188| 0,01ER 0,0188| 0,01ER 0,01E8| O, 01BE| 0,01B8 0,0188| 0,018 0,01BE| O,01ER 0,0188| 0O, 01BE| 0,01E8
sand absorption 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,003 0,003
Wwater added [kg/m~3] 183,33| 183,33 161,90| 161,80 161,61 1E1,61| 180,62 1E161| 1E161| 1B1,3D| 160,62 161,61 1B1,61| 180,62
AEA [kg/mn3] o o 3,16 3,16 3,17 3,17 3,17 3,17 3,17 3,17 3,17 3,17 3,17 3,17
5P [kz/mn3] 1] ] 1] 1] 0,91 0,91 2,04 0,91 0,91 1,36 2,04 0,91 0,91 2,04
miass of AEA [% of birders] o o 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7
mazs of 5P [% of binderz] 1] ] 1] 1] 0,2 0,2 0,45 02 02 03 0,45 0,2 0,2 0,45
free water [kg] 0,4532| ©0,4532 0,4570 04570 0,4578| 04578 04578 0,4578| 0,4578| 04578 04578 0,4578| 04578| 04578
theoretical air void free volume [ma3] 0,002007 | 0,002007 0,002014 | 0,002014 0,002016| 0,002015| 0,002018 0,002015( 0,002015| 0,002017 | 0,002018 0,002015| 0,002016| 0,00201E
theoretical air void free density [kg/m»3]

mazs of empty container [g]

mass of container with concrete [g]

fresh density [kg/ma3]

thearetical girvoid free density [kg/mn3]

air content [%]

air content [%]

1112,7 1113 1112,9| 11127 11133 1131 11131
11,7 34104 3383,5| 3386,7 33e1,8| 33842 3433
2208|2297 22E0,5 2274 2278,5| 22811 23188
7310,68| 231088 2308,22| 230822 7308,55| 2308,56| 230B,35

0,5

0,8
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1,3

1112,3| 11120 11127| 11135
32685 32646 32733 33514
2157,2| 21518 2isii| zzaTe

7306,55| 230855 2308,47| 230635

5,6

5,8

74

5,4

3,1

5,E

11131 11139 11128
3228,2| 32267 32808
2115,1| 21128 21481

7308,55| 2308,56| 230635

B4 B £,2

ES
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| matriks volume [

mazs of specimen 1 [z]

mazs of specimen 2 [g]

mazs of specimen 3 [2]

volume of specimen 1 [1]

volume of specimen 2 [1]

volume of specimen 3 [I]

density of concrete - spec 1 [kg/m"3]

density of concrete - spec 2 [kg/ma3]

density of concrete - spec 3 [kz/m"3]

average density of spec [kg/mn3]

No AEA and 5P 351 351 353 354
003 (3003 3003 |30.03 3003 (3003 [oema 3103 (3103 |o6oa |osod 3103 (3103 |oEma
mix 1 mix 2 mix 1 mix 2 mix 1 mix 2 mix 3 mix 1 mix 2 mix 3 mix 4 mix 1 mix 2 mix 3
- somewsjoo~ 0000000 |

5EE,5 5512 578  sEES 555,1 5712 =51,E| 5488

580 553 5836 503 553,4 55E,3 sq474| 5551

SEE,7 5672 sE3,E|  580,7 556,5 575,6 547,3| 5553

0,2575 0,2560 0,2575| 02571 0,258 0,2583 0,2574| 10,2554

0,2558 0,2553 0,2608| 10,2585 0,2569 0,258 0,257 02572

0,2567 0,2567 0,2568| 10,2585 0,2578 0,2581 0,2552| 0,2577

2384,55 2262,35 2244,66| 228E,20 2151,55 2211,38 214375 214818

2305,58 2245,35 237,73 11 154,15 202,71 2178,95| 215824

228334 2288,51 2251,08| 228511 157,51 2371,54 214458 2154 53

2204,49 2260,18 224448 2295,07 2154,50 2211,88 2132,43| 2154,08

0,7 21 1,8 0,5 5,7 a3z 7,3 87

Alir content in hardened spec [%]

i)

i)

)

)

i)

i)

i}

i)

mezsuredveumectooncetemas] | | oe7| oer] [ oss| oss] | oss| oss] oe7] | soz] 102l sopf a0 | soaf 104 s3]

CFC

F&

373,37

323,37

Limestone

135,58

138,58

Aggregate

24,31

24,31

310,70

308,48

310,25

315,07

Water

1502,58

1503,58

133,18

132,84

133,27

135,03

AEA

159,01

189,01

23,36

23,27

23,38

23,69

SP

0,00

)

0,00

)

1478,52

1473,34

1478,52

1445,83

Density [kg/mn3] | pooncrete)

poonorete, measurey poonorete’

0,00

0,00

175,08

177,35

177,74

172,38

OFrC

2177,857

1,055625

2177,857

1,054528

3,11

3,08

3,11

3,14

)

Fi&

341,36

341,1224

0,82

0,BB

1,33

2,02

Limestone

148,2971

145,1853

207E,1B1

1,036023

2070,063

1,038533

2078, 717

1,038532

2104,277

1,0835

Aggregate

25,88615

25,8483

i)

322,50965

3217172

373,2676

335,0798

Water

153B6,158

)

13R5,054

£

138,2154

137,678

138,5518

143,6056

)

AEA

189,5154

199,3726

24, 248E]

i)

24,18927

24,30734

25,10397

P

4]

1483,254

)

1478,608

1485,552

153775

Density [kg/mn3]

[

184,6231

184,359

184, 7RE5

180,7778

2299

22074

3,775005

3,217172

3,730024

3,34358

322,82| 322,82 323,38 323,71 311
138,35| 13g3s 136,58 13873 141,08
24,27 2427 2431 2434 2475
1457,24| 1487,24 1457,24| 1485,76| 1510,35
1g5,62| 185,82 185,32 185,51 167,38
3,23 3,23 3,23 3,24 3,28
0,00 0,00 0,82 0,82 2,11
2161,535 | 2181,535 2183,005 | 2185,214| 2188,043
1,055083| 1,05203 1,053442 | 1,053522| 1,055438
340,6041 | 338,5184 340,654 | 341,0331] 347,3576
145,5732 | 145,5507 145,5558 | 145,1571| 145,8675
25,60033 | 25,5352 25,61342| 25, 84158 28, 11711
1568,167 | 1564,626 1566,726 1568,445| 154,085
185,538 | 195,2732 185,2243 | 185,4385| 197, 7681
3,405041 | 3,308184 3,408504 | 3,410331 | 3, 485104
0 0 0,873312| 0,87438| 2,22821
2280,5 2274 22786 22811 23138

0,821458

0,919192

1,3B4328

2,14248

2157,2

2151,9

2161,1

22372

Table C1 Calculations for mixes with matrix volume 400l and AEA5
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305,50 305,20 308,54
131,10| 131,10 132,86
2300 2300 13,27
1405,85| 1406,85| 1420,57
175,30| 175,30 175,24
3,06 3,06 3,08
0,87 0,57 1,98
2046,085 | 2045,085| 2087,38
1,03373| 1,032606| 1,038054
316,2455| 315,5716| 321,634
135,5208| 135,3736| 137,8432
23,7756 | 23,7875 | 24,18301
1454,306 | 1452,725| 1475,045
151,216| 181,018| 153,1224
3,162155| 3,156716| 3,200422
0,003473| 080248 32,0832
21151 2128|2481




Table C2 shows calculations for mixes with matrix volume 400l and AEA4

[ matriks volume [1] Mo AEA and SF 3.5.1 3.5.2 3.5.3 3.5.4
Proportioning: mix 1 mix 2 mix 1 mix 1 mix 1 mix 1
OFC [kg/mn3] 313,67| 313,67 316,37 317,58 317,59 317,59
FA& [kz/mr3] 13443 13443 135,59 136,11 136,11 136,11
Limestone [kg/maa] 23,58 23,58 23,70 23,EE 23,EE 23,EE
Aggregate [kg/maz] 1457,50| 145750 1457,50 1457,50 1457,50 1457,50
total moisture 0,018E| 0,01BE 00,0185 0,01BE 0,01BE 0,01EE
sand absorption 0,003 0,003 0,003 0,003 0,003 0,003
water added [kg/ma3] 1E3,33| 183,33 1E1, 50 180,52 150,52 150,E2
AEA [kg/ma3] o o 3,16 3,17 3,17 3,17
=P [kgfma3] o o ()] 2,04 2,04 2,04
mass of AEA [ of binders] L] L] 0,7 0,7 0,7 0,7
mass of SP [% of binders] L] L] o 0,45 0,45 0,45
free water [kg] 0,4532| 10,4532 10,4570 0,457E 0,457E 0,4575
theoretical air void free volume [m3] 0,002007 | 0,D02007 0,002014 0,00201E 0,00201E 0,D0201E
theoretical air void free density [kg/m»3] 2310,B8| 2310,E8 2308,22 230E,35 230835 Z30E,35

mass of empty container [g] 1112,7 1113
mass of container with conorete [g] J411,7| 34104
fre<h density [kg/mn3] 2299| 2287,4
theoretical density [kg/m»3] 2310,B8| 2310,E8
air content [%] 0,5 0,6

11129

33734

2260,5

1113

2308,22

31302

017,89

1113,1 1112,8
34135 3305,2
2300,4 2153,4

2308,35 230E,35

0,3 50

)

)

230835

126

)

mass of specimen 1 [g] 5EE,5 5E4,7 582,3 563,2 5193
mazz of specimen 2 [g] 520 5BD0,9 5817 572,1 51E,5
mass of specimen 3 [g] 5EE,7 5E3,1 5E6,1 563,1 524
valume of specimen 1 [I] 0,2576 10,2564 0,25EE 0,2573 0,2539
volume of specimen 2 [I] 0,2559 0,2572 10,2585 0,261 0,2548
valume of specimen 3 [I] 0,2567 0,257 0,2566 0,257E 0,2552
density of conorete - spec 1 [ke/m"3] 22B4,55 282,77 22EE,54 Z1BE,EB 20v5,29
density of concrete - spec 2 [kg/ma3] 2305,58 225E,55 22EE,57 218185 2034,52
density of concrete - spec 3 [kg/ma3] 2283,34 228E,E7 22E4,1 Z1E4,25 2053,29
average density of spec [kg/m~3] 2284,43 2253,40 212E7,24 21EE,35 |_2044.37
air content in hardened spec [%)] 0,7 2,0 (] 5,2 11,4

Table C2 Calculation for mixes with matrix volume 4001 and AEA4

51

OFC 323,37| 323,37 321,1E 325,74 314,75 285,05
Fa 135,58| 13558 137,55 140,03 134,50 125,17
Limestone 24,31 24,31 24,15 24,57 23,67 22,48
Aggregate 1502,58| 1502,58 1479, 70 148040 1444 50 137241
Water 182,01| 1B2,01 1E4,57 1E5,03 179,21 170,27
AEA 0,00 0,00 3,21 3,25 3,14 2,88
S 0,00 0,00 0,00 2,10 2,02 1,82
Density [kg/m#3] [pooncrete’) 2177,857| 2177,857 2150,563 2182,214 2102,182 15957,28
pooncrete, measune) poonorete’ 1,055625( 1,0548% 1,05112 1,054159 1,033E7 1,010324
OFC 341,35| 341,1224 337,6022 344,4378 32E,4158 302,1383
Fa 145,2571| 145,1853 144, 6855 147,5152 140,7501 125,4E53
Limestone 25,66616| 25,5483 25,38362 25,B9758 24,89288 22,71724
Aggregate 1SEE, 158 | 1585,054 1555 338 15ED,805 1507,172 13EB8,572
Water 100, 5164 [ 100,3705 104,1130 105, 1058 155, 0542 172,0231
AEA [+] [+] 3,376022 3,436053 3,277103 3,014553
SF o o o 2,20845 2,10570% 1,535145
Density [kg/ma3] 2288| 22874 2260,5 2300,4 2183,4 2017,9




Table C3 shows calculations for mixes with matrix volume 3301 and AEA5

[ matriks volume [I] 330 NoAEA andsP 351 352 353 354
1403 1408 1803 |1E.03 10.03  [1E03 1003|1603 10,03  [16.03
wieizhed in: mix 1 mix 2 mix 4 i 5 mix 3 miix 4 mix 1 mix 2 mix 1 mix 2
OFC [z] 663,7| 6637 5754 5754 567 5744 s67| 5728 s67| 5728
FA [2] 2e4,4| 2E4.4 246,6| 2466 243 24832 243 2455 243| 2455
Limestone [z] 47,4 47,4 41,1 41,1 40,5 41 40,5 40,9 40,5 40,9
Agzregate [g] 3514,6| 36148 3514,6| 36148 3514,6| 36146 3814,6| 36146 3814,6| 36148
total moisture 0,017E| ©0,017E 0,01E8| 0,018E 0,022 00168 0,022 0,02 0,022 0,02
sand absonption 0,003 o003 0,003 0003 0,003 0003 0,003 o003 0,003 0003
Water added [g] asss| 4Bme az6,1| 4261 a3ie|  4z5s a3ie|  azm7 asie| 487
AEA [2] [V [V 5,8 5B 5,7 5,7 5,7 5,7 5,7 5,7
=P [g] ¥ o 0 0 1,6 1,6 1,6 1,6 1,6 1,6
mazs of AEA [3 of binders) a o 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7
mazs of SF [% of binders] a o 0 0 0,2 0,2 0,2 0,2 0,2 0,2
free water [kg] 0,5426| 10,5428 0,4BE1| 0,4BEL 0,5061| 0,4BES 05061 0,485 0,5051| 04050
theoretical airvoid free volume [mn3] 0,002234 | 0002234 0,002131 | 0,002131 0,002141 | 0,002131 0,002141 | 0,002136 0,002141 | 0,002136
theoretical ir void free density [kg/mn3] 2278,15| 227E,15 2285,527 | 2288,527 22E6,226| 228E,362 2256,226| 2283,475 2256,226| 2283,475

mass of empty container [z] 11125 11128 11121 11136 11124 11133 11128 11125 11124 11137
ma=s of container with concrete [z] 3416,5 3414 3370,2 3361 33028 33341 3238, 7 3268 3231| 32367
fresh density [kz/mn3] 23pa| 23012 235E,1| 22674 21805 22208 21759 21555 211K,6 2123
thearetical density [ke/ma3] 227E,15| 227815 228E 527 | 2288,527 22BE,226| 2298,362 22R8E,226| 2293,475 2285226 | 2283,475
aircontent [4] 1,1 -1,0 1,8 1,4 4,2 3,4 7,0 5,0 7,3 7.4

@ircontent [H] 1,5 1,5 3,6 3,7 5,2 5 7.4 7 7.8 7.6
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[ natriks volume [1

maszz of specimen 1 [g]

mass of specimen 2 [g]

maszz of zpecimen 3 [2]

masz of spec 1 inthe water [g]

333 .E

maszz of zpec 2 inthe water [z2]

mass of spec 3 inthe water [g]

valume of specimen 1 [I]

volume of specimen 2 [I]

0,257

valume of specimen 3 [1]

density of concrete - spec 1 [kg/m"3]

2287,32

density of concrete - spec 2 [kg/ma3]

density of concrete - spet 3 [kg/ma3]

351 3532 353 354
1503|1603 10,03 |1B.03 1003  [16.03 10,03 |16.03
mix 4 mixs mix 3 mix 4 mix 1 mix 2 mix 1 mix 2

558,5 545 5437
5541 =53 5432
562,4 553,8 546,92
ELL ] 200,3 2014
a0z 2949 80,5
30,4 285,5 63,1
0,255 0,255 0,252
0,252 0,258 0,253
0,255 0,258 0,254
2197,56 2138,77 2154,87
219784 21432,58 2148,58
2186, EE 2144,02 2154, E5

messursd voume cfconcrete[mes] | | oe7] o7 | oes| oes] | s00] soof [ so2f 202 | s3] 103

COFC

F&

Limestones

Aggregats

Water

AE&

sP

Density [kz/m*3] {poonorete’)

poonorete, measune, poonorete’

COFC

F&

Limestones

Aggregats

Water

AE&

sP

Density [kz/mA3]

Table C3 Calculation for mixes with matrix volume 330l and AEA5
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a1ze2| 31382 285,28 28402 257,21 281,00 251,88 285,30 250,71 2E3E1
133,98 133,08 113,88 11357 110,23 11101 107,87 100,40 107,45 108,78
22,33 22,33 1E,25 1E,23 18,37  1BE4 17,28 1E,23 17,91 18,12
1702,50| 170250 1856,33| 188454 1830,72| 184300 1604,48| 1810,78 1508,25| 1801,38
230,75 230,75 1p5,43| 1p523 1o5,23| ip3a1 101,72 10104 100,97| 1B2,23
0,00 0,00 3,67 3,67 2,50 2,50 2,53 3,54 3,52 2,53
0,00 0,00 0,00 0,00 0,73 0,73 0,71 0,71 0,71 0,71
2402,26| 240226 2783,32| 2281,03 2724.78| 2231,38 2178,26| 21BE,01 J18E,51| 217522
- @ O comcionofmassofpenmatenabfordensyfg/imesl 000 ]
0,850008 | 0,057031 0,007502 | 1,002817 0864503 | 0,205288 0,578538 | 0,0E5141 0,875065 | 0875005
280,34 BB DO 280,04 282,28 253,75 23o.E: 251,58 28g,54 251,B0| 28418
123,90 123,83 111,83 11241 108,75 111,38 107,88 100,53 107,51 108,81
0,88 20,84 1B, 54 1E,73 18,13 1E,55 17,28 1E,31 17,99 18,14
1575,80| 1573ER 1830,71| 184783 1817,60| 183527 1804, 45| 181E 58 1805,12| 180358
213,57 213,31 123,23  1ga 33 103,20 1p7,40 191,71 1107 101,80 100,10
0,00 0,00 2,53 2,64 3,58 3,58 3,53 3,55 3,53 3,53
0,00 0,00 0,00 0,00 0,72 0,72 0,71 0,72 0,71 0,71
2233,38| 272088 2728,48| 223702 2104 RR| 2220,80 2178,22| 210861 2177,52| 217820




Table C4 shows calculations for PF test for mixes with matrix volume 400l both for AEA4 and AEA5

Simplified procedure, PF:
7 days drying to constant

Start date and time

Finish date and time

Specimens: halfs, ultrasonic bath treated, one side

Table C 4 PF test - calculation for specimens with matrix volume 400l
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20150503 14:45 10:40
mass
?' days water saturation 0160508 13:00 0920
[WS)
Step 1dayin pressure tank (PT) under 50 bar 2016-05-18 10:05 10:15
Vol f o Total
e L_ImE v n'l_ Solid density py., Suction Macro porosity N a_
mm Weights, kg specimen ¥, |densit A . porosity PF, %
= kg/m* porosity p, Pm
Specime Sequenc m Ve ' P
n ARA e code Weightin | Weightin | Weightin
A Dryweight| the air water the air - . .
4 : e, |sferws, |aferws, | sfterpr, | (B28:/1000 | gV | £2/(V-{2c£.)/1000) |(g-22)/(V"1000) | (2-£2)/(V°1000) | p.+ P £ m/py°100%
- E: £ &
1 AEA4| 352 20,5 0,2 0,2911 0,2810 0,5024 | 0,1709 | 0,3078 0,0001315 |21369 2 6839 0,183 0,041 0,204 0,201
2 AEA4| 353 16,5 0,2 0,221 0,2139 0,2314 | 0,1262 | 0,2393 0,0001052 |2035,3 26805 0,166 0,075 0,241 0,311
3 AEA4| 354 16,7 0,3 0 0,1990 0,2161 0,1117 | 0,2292 0,0001044 |1906,1 26819 0,164 0,125 0,289 0,434
4 AEAS| 352 16,6 0,2 0 0,2256 0,244 0,137% | 0,2476 0,0001061 |2126,3 26825 0,173 0,034 0,207 0,164
5 AEAS| 353 16,6 0,2 0,2214 0,2115 0,2309 | 0,1251 0,2387 0,0001058 |1999,1 2 690,8 0,183 0,074 0,257 0,287
& AEAS| 354 16,4 0,3 0,2144 0,2062 0,2236 | 0,1205 0,2327 0,0001031 |2 0000 26919 0,169 0,088 0,257 0,343
Mass 03.05.16 | 09.05.16 | 18.05.16 | 18.05.16 | 20.05.16
measured 14:00 10:45 09:20 09:20 10:20




Appendix D — Photo documentation

Mixes with matrix volume of 3301 and with Mapeair 25

Photo D 1 Sequence 3.5.1 - mix 5 — mixture Photo D 2 Sequence 3.5.1 - mix 5 —slump

\‘1 \

Photo D 3 Sequence 3.5.2 - mix 4 — mixture Photo D 4 Sequence 3.5.2 - mix 4 — slump
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Photo D 5 Sequence 3.5.3 - mix 2 — mixture Photo D 6 Sequence 3.5.3 - mix 2 — slump

Photo D 7 Sequnece 3.5.4 - mix 2 — mixture Photo D 8 Sequence 3.5.4 - mix 2 — slump

56



Mixes with matrix volume of 400l and with Mapeair 25

Photo D 9Sequence 3.5.1 - mix 2 — mixture Photo D 10 Sequence 3.5.1 - mix 2 — slump

Photo D 11 Sequence 3.5.2 - mix 3 — mixture Photo D 12 Sequence 3.5.2 - mix 3 —slump
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Photo D 13 Sequence 3.5.2 - mix 3 - edge of the slump

Photo D 14 Sequence 3.5.3 - mix 4 — mixture Photo D 15 Sequence 3.5.3 - mix 4 —slump
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Photo D 16 Sequence 3.5.4 - mix 3 — mixture Photo D 17 Sequence 3.5.4 - mix 3 —slump

Photo D 18 Sequence 3.5.4 - mix 3 - edge of the slump
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Mixes with matrix volume of 4001 and with Sika Multiair

Photo D 19 Sequence 3.5.1 - mix 1 — mixture Photo D 20 Sequence 3.5.1 - mix 1 —slump

Photo D 21 Sequence 3.5.2 - mix 1 — mixture Photo D 22 Sequence 3.5.2 - mix 1 - slump
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Photo D 23 Sequence 3.5.2 - mix 1 - edge of the slump

Photo D 24 Sequence 3.5.3 - mix 1 — mixture Photo D 25 Sequence 3.5.3 - mix 1 —slump
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Photo D 26 Sequence 3.5.3 - mix 1 - edge of the slump

Photo D 27 Sequence 3.5.4 - mix 1 — mixture Photo D 28 Sequence 3.5.4 - mix 1 — slump
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Photo D 29 Sequence 3.5.4 - mix 1 - edge of the slump

Photos of the surface seen under the microscope

Photo D 30 Sequence 3.5.2 - AEA4 (surface after polishing with 4000pm Sand paper)
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Photo D 31 Sequence 3.5.2 - AEAS (surface after polishing with 4000pum Sand paper)

Photo D 32 Sequence 3.5.3 - AEAS (surface after polishing with 4000pm Sand paper)
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