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ABSTRACT: High-volume fly ash concrete is one oé tigreen’ concrete alternatives indirectly redudihg
CO, emission and energy consumption related to theéymtoon of cement. This paper describes the resilts
durability tests on 4 concrete mixtures, each \aitthifferent fly ash replacement level, namely 0, 8% and
67 %, at the age of 1 and 3 months. More spetifecyesistance to freezing and thawing with antéouit the
influence of deicing salts and chloride penetratias been examined. The vacuum saturation techaiogie
capillary water absorption experiment are executedet an indirect idea of porosity characteristida
automated air-void analysis is used to determieeviues of air content and spacing factor formaltures.
The fly ash mixtures appear to exhibit a good fireggand thawing resistance while the influence @itishg
salts is different on the surface and the insidéhefconcrete specimens. The 50 and 67% fly asltuneix
exhibit a very high chloride migration coefficieat the age of 1 month but after 3 months of cualig
mixtures show a good chloride migration resista@osity results indicate that the capillary payosf the
fly ash mixtures still decreases after 1 monthwifng. At the age of 3 months it appears that &drdly ash
replacement level causes a higher capillary arad patrosity and a higher capillary water absorptiate.

In this paper some aspects of the durability
behavior of concrete mixtures with different flyhas
1 INTRODUCTION replacement levels are studied as well as the

Since 1987 the term ‘Sustainable Development’ haBérmeable porosity and capillary properties. The
become more significant. In the cement and concret@ffect of time is verified by executing the testshe
industry this caused the development of differen9€ Of 1 and 3 months.

alternative ‘green’ solutions. For example, to r@slu
the impact of the Cg@emission and energy
consumption, high-volume fly ash concrete wa
developed in Canada during the late eighties. sty a
is a by-product of the coal fired -electricity 2.1 Materials

production and its worldwide production iS o r tynes of concrete mixtures were designed, each

estimated to be 500 million tonnes a year. By g different cement - fly ash replacement level
replacing large volumes of the cement content yy fl respectively 0%, 35%, 50% and 67%. For all

ash, the latter gets a high quality applicationt BU iyt res a normal Portland cement (CEM | 52.5),

order to obtain a sustainable construction it iscomplying with EN 197-1 (2000), was used and a
essential to use durable concrete. class F (according to ASTM standards) fly ash with

In almost all chemical and physical processes, |ow calcium oxide content (2.8%). All used
which have an influence on durability, the tran$por ivtures were made with a water-cementitious

of fluids (water, gas and solutions) plays a cruciamsterials ratio (W/Cm) of 0.4 and a superplasticize
role. The rate, size and effect of this transpert i gpy phased on carboxylic acid, was added to obtain
determined to a large extent by the permeablg yecent workability. Former research indicated tha
porosity of the concrete. More specific, theye yse of air entraining agent (AEA) in fly ash
permeability of the capillary network determines t iy res results in a significantly better resisgio
what extent the fluids can enter and move througlflreezing and thawing (in combination with deicing

the concrete [Apers et al. 2006]. salts), so AEA was also added to acquire a fresh ai

S2 EXPERIMENTAL DETAILS



content of about 4% [Baert 2003], determined2.2.2 Freezing and thawing with deicing salts

according to the Belgian standard NBN B15-224For this test cores with a diameter of 100 mm are

(1970). Table 1 summarizes some mixture propertiedrilled out of 3 cubes (150 mm) of each mixture,

of the 4 studied concrete mixtures. perpendicular to the molded surfaces. These cores
are then sawn in three so that finally each mixture
has 9 cylindrical specimens with a diameter of 100

Table 1. Mixture properties. mm and thickness of ca. 50 mm, 6 containing a
FA/Cm AEA SP Air Content molded surface and 3 from the center of the cube.
) (mi/m3)  (Mmlim3) (%) The former specimens are further indicated with a
REE _ 0.00 270 1080 38 letter ‘A’ the latter with a ‘B’.

FA35 0.35 350 486 41 These specimens are prfepared for th_e test in a
FAS0 050 400 473 47 way that o_nly one surfa}ce is covered W|th_ a3%
FAG67 067 400 343 42 NaCl solution and subjected to 28 freezing and
thawing cycles according to EN 13339:2003. The
experimental set-up is shown in Figure 1.

2.2 Experimental procedures Evaporation Protection

All tests are performed on samples at the age of T
and 3 months. During this period the specimens are
stored in a climate chamber with a relative hungidit
above 90% and temperature around 20 degreep
Celsius.

Concerning the durability behaviour of high-
volume fly ash (HVFA) concrete, the resistance to
freezing and thawing, with and without the influenc Figure 1. Test set-up deicing salts.
of deicing salts, and to chloride penetration is
examined. Furthermore, the permeable or ‘open’
porosity is determined using the vacuum saturation After every 7 cycles the scaled off material is
technique, combined with specific  drying collected, dried and weighed so that the mass loss
procedures, and the capillary properties are egfifi per unit area can be determined as a functiom. ti
by means of the sorptivity coefficient. Finallyethir
void content and spacing factor are determinedgusin2.2.3 Chloride diffusion

NaCl Solution

\u
_

SPECIMENM

Thermal Insulation

an automated air void analysis system. The resistance to chloride penetration is deterdhine
according to NT Build 492, following the procedure
2.2.1 Freezing and thawing as described in [NT Build 1999, Tang 1992]. The

After each curing period, 6 cubes (150 x 150 x 15@pecimens for this test are obtained in the same
mm?3) of each mixture are used to determine thenanner as described in §2.2.2. For each mixture,
resistance to freezing and thawing according to thgeries of 3 specimens, coming from the same cube,
Belgian standards NBN B15-231 and NBN B05-203 are tested at the same time, the specimens having a
After immersion in water till constant mass (<0.1%molded surface are placed in such a way that this
mass change in 24h) 3 cubes are used to define tBarface is exposed to the chloride ions.
splitting tensile strength (according NBN B 15-218) During the experiment, also called CTH, series of
before testing and the 3 others are subjected to Ricylinders are first vacuum saturated in a Ca@OH)
series of 14 freezing and thawing cycles,solution and then subjected to the non-steady state
corresponding tot the most severe conditions of theapid migration test. The latter means that an
Belgian climate. Possible changes in strength arexternal potential is applied axially across the
verified by determining the splitting tensile stgém  specimen and forces the chloride ions outside (NaCl
of the 3 cubes after the test. Ultrasound velocityolution) to migrate into the specimen. After a
measurements before and after testing shoul@ertain test duration, the specimen is axiallytspid
indicate  the  existence  of  microstructural a silver nitrate solution is sprayed on to onehsf t
imperfections caused by freezing and thawing. freshly split sections. This enables to measure the
chloride penetration and the chloride migration



coefficient can be calculated by means of thehe specimens are dried at 105°C (again to constant

following equation (1):
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Where Dissm= non-steady-state migration coefficient

(x 12*? m?/s); U = absolute value of applied voltage

V), T average value of the initial and final

temperatures in the anolyte solution (°C); L =

thickness of the specimen (mm); X average value

mass). Vacuum saturation is performed by placing
the specimens in a vacuum with a residual pressure
of 2.7 kPa during 2.5 hours, then water is addeal at
rate of 5 cm/h. After immersion the atmospheric
pressure is re-established and the specimens pre ke
immersed for another 24 hours. This test procedure
makes it possible to get a rough estimation of the
capillary and gel porosity of the concrete [Audehae
2006].

Generally, the porosity can be described as
follows:

of penetration depths (mm); and t = test duration
(hours). The experimental set-up is given in Figure

2.

+
Potential

(DC)

a. Rubber sleeve e. Cathelyte

b. Anclyte f. Cathecde

c. Ancde g. Plastic support
d. Specimen h. Plastic box

_ Volumethat canbe filled with fluids
Volumeof thedryconcrete

¢

(2)

Since water is used for the saturation and as a
fluid to determine the volume of the specimen, the
equation can be simplified:

— rns _-rnd
m, —m

¢ 3)

Where ¢ = permeable porosity (-); sn= saturated
mass of specimen measured above water (kg m
saturated mass of specimen while submerged in
water (kg); and = mass of the dry specimens (kg).
Calculating this porosity after drying at 45°C and
105°C gives an idea of respectively the capillarg a

Figure 2. Arrangement of the migration set-up [NT;qgi4| porosity, the latter being the sum of capjlla

Build 1999].

2.2.4 Permeable porosity
The vacuum saturation technique

standard NBN B05-201 and makes it possible t
determine the porosity in contact with the exterior

Qast

and gel porosity.
Former work [Audenaert 2006] showed that this
method provides values of porosity well

is the mos[: . : .
o >torresponding to reality, except that the capillar
efficient method to measure the permeable porosit P J y P prilary

of concrete [Safiuddin & Hearn 2005]. The specific
method used here is described in the Belgia

Morosity is a little underestimated because the
specimens are dried at 45°C for only 2 weeks. After

"hese two weeks the mass is still decreasing Isst le

than 0.1 mass% in 24 hours. This
underestimation is shown to be about 1.78 % for

also called the permeable or ‘open’ porosity. ThiSmixtures with portland cement [Audenaert 2006].

porosity influences to a large extent the penetnati

of (harmful) substances into the concrete and 5 g Capillary properties

consequently its durability behavior.

Capillary transport of water, especially near an

The specimens for this test are obtained in thgnsaturated concrete surface, is probably the most

same manner as described in 82.2.2. This means ”H’éminant

invasion mechanism for deleterious

of each mixture 9 cylinders with a diameter of 1oosubstances like, for instance, chlorides. And the

mm and a thickness of ca. 50 mm are tested, 6

Hverall durability of concrete is to a large extent

them having a molded surface (A) and 3 others takegetermined by the ease with which fluids can

from the center of the cubes (B). The specimens aigapetrate into the concrete. Clearly, the rate of

first dried in a ventilated oven at 45fC to Consta”capillary sorption will depend on the degree of
mass, then vacuum saturated and weighed and at last



saturation of the porous medium [Martys & Ferrarispreparation quality, especially the ordinary

1997]. For the investigated mixtures, the capillaryprocedure with cutting, grinding and lapping. The

suction is determined after drying at 45°C and asample surface has to be without scratches and the

105°C to constant mass . air voids must have sharp edges [Jakobsen et al.
A measure for the capillary behavior is the wate2006].

absorption coefficient, also called the sorptivity

coefficient S (kg/m%°). The sorptivity is

determined from the slope of the straight line3 RESULTS AND DISCUSSION

obtained by plotting the cumulative volume of water

absorbed per unit area againSf.tThe general 3.1 Freezingand thawing

equation defining one-dimensional water absorption

is as follows [Claisse et al. 1997, Hall 1989, \iils To v.erify it the specimens subjected to the 14
et al. 1999]: freezing and thawing cycles have suffered any

internal damage, the splitting tensile strength§BT
. 05 and ultrasonic pulse transmission time have been
i=3™+B (4) . .

examined before after the experiment. The values of

For this test 3 cubes of 150 mm x 150 mm x 15C§TS’ before and after testing, for gach mixturthat
. . age of 1 and 3 months are shown in Figure 3.

mm of each mixture are tested. First, the lowetspar
of the sides adjoining the inflow face are sealéth w
a self-adhesive tape to avoid the exchange of water __
vapor and absorption into the surface pores and.sof goeoe e
achieve unidirectional flow. The upper part of the £ s
specimens is not covered to prevent pore pressurg*°t|| T
from building up. After each drying procedure the Ezz
specimens are placed on rods and immersed in watédr, . |
to a maximum depth of 5 mm in a climate chamber2 2o
with a constant temperature of 20 + 3 °C and nadati élfr
humidity of 60 + 3 %. The uptake of water by 5””

capillary absorption is measured by weighing the“zjz;

Specimens at time intervals of 0, 1.5, 3, 6, 24, 72 REF-1  FASS1 FASOL FAGTL  REF-3  FAS3  FASO  FAGT-3
168 and 240 hours. MIXTURE - AGE (months)

Figure 3. Splitting tensile strength before anckraft
2.2.6 Air void properties freezing and thawing.

An air void analysis was executed on 3 cylindrical
specimens with a diameter of 80 mm of each
mixture according to the ASTM C457 and EN 480- |t can be seen in Figure 3 that the specimend of al

11 standards. Therefore, the Rapid Air 457 is usedgnixtures are apparently not affected by the infagen
which is a fully automatic system for analyzing theof freezing and thawing. The values of STS areequit
air void content of hardened concrete. This analysisimilar before and after testing. Figure 3 shows
requires polishing of the examined surface, aglearly that the influence of time is very impottan
described in ASTM C 457 as well as a contrasthe STS siill increases significant after 1 morith.
enhancement of the surface by use of black ink angliso appears that the STS decreases with increasing
white BaSQ powder. The 3 specimens werefly ash replacement level.

analyzed in two perpendicular directions using 10 As previously mentioned the ultrasonic pulse
probe lines per frame with a total traverse lergfth transmission time (UPTT) through the concrete was
17733 mm and the scanned surface is about 50 Mflso measured before and after the test to detect
x 50 mm. These settings are chosen to obtain gjossible internal damage. For each measuring point
optimal situation of maximum scanned surface angs in total) on the different cubes, the relative
minimum scanning time [Annerel 2005]. ultrasonic pulse transmission time (URPTwas

However, it should be mentioned that thecalculated given by [Tang & Petersson 2001]:
automatic system measures what it sees and that may

be more or less accurate depending upon sample



significantly compared to the interior surface,

ti
V= t x100 (%) (5) especially with the high-volume fly ash mixtures.

0

Where t = transmission time measured after i cycles
of freezing and thawing (in this case 14) (us) &and Elafter 7 cycled) 14 cyclest 21 cycles 28 cycles
= initial transmission time (us). When the URPT 4/
value is about 100% it can be assumed that the
specimens are not deteriorated. Values higher tha3’
110% indicate a possible damage. The maximuny.-
and minimum UPPJvalue of the 5 measurements *
on each cube is shown in Figure 4.
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Figure 5. Mass loss due to scaling.
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This indicates that the outer layer of a fly ash
concrete structure shows significantly different
properties compared to the interior of the concrete
What exactly the role is of the molded oil in this
matter should be further investigated as well &s th
MIXTURE - AGE - SPECIMEN microstructural properties of these surfaces amd th
influence of the AEA. After all, the resistance of
concrete to freezing and thawing is strongly aéfdct

by an air void system of which the air voids hawe t

proper dimensions and are well distributed [Sutter

2002]. The air void system of all mixtures is

Figure 4 shows that specimens subjected 10 thgyamined using the Rapid Air 457, as mentioned in
freezing and thawing cycles at the age of 1 rnOntI§2.2.6, and some air void properties are given in
will possibly be slightly deteriorated, especialhe §3.6.

50% and 67% mixtures. Nevertheless, when the From figure 5 it also appears that age mostly but

specimens are 3 months old, no more deterioratiofy; 4ways has a positive influence on the freezing
can be detected. The maximum URPValue 54 thawing resistance with deicing salts; it can b

measured on each cube is for all mixtures aboy{nticed from figure 5 that the 50% fly ash mixture
100%, which means that no negative microstructurghyhipits a higher mass loss after 3 months curing

changes have occurred. compared with 1 month.

Different Belgian standards require that the
average mass loss after the test is equal to diesma
For each mixture, the mass loss due to scalingeof t than 1 kg/m? [Boel 2006]. This means that at the ag
9 cylinders is measured after 7, 14, 21 and 2®f 1 month all mixtures meet this requirement,
freezing and thawing cycles. The results of tha te except for the 67% fly ash mixture, and after 3
are provided in Figure 5. As previously mentioned, months all test results of the B-surfaces are
distinction has been made between ‘A’ and ‘B’satisfying with the 67% mixture just exceeding the
specimens, A and B respectively referring torestriction.
specimens of which a molded and inner surface is
exposed. 3.3 Chloride diffusion

_ The reSL_JIts of this test show that there’s a majofpe non-steady-state migration coefficientsd (x
difference in mass loss between the two types ofy12 m2/s) is plotted as a function of the fly ash
surfaces. It appears that the molded surface dysualreplacement level in Figure 6.

exposed to the outdoors conditions), scales offemor

©
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FA35-1-
FA35-3.
FA50-3-
FABT7-3-

Figure 4. Minimum and maximum UPPValues for
each cube of each mixture.

3.2 Freezing and thawing with deicing salts



specifically the permeable porosity, is most
important concerning durability aspects. Figure 7
shows the values of total permeable porosity (TPP)
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Figure 6. The chloride migration coefficient as a
function of the fly ash replacement level and ogirin
period.
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It seems that after 1 month the high-volume fly o 10 20 30 40 50 60 70
ash mixtures exhibit a much highefsp, compared FrYASHREPLACEHENT LEVEL €9
to the reference and 35% fly ash mixture. Howeverfigure 7. Values of total and capillary permeable
the difference disappears at the age of 3 monthgorosity at the age of 1 and 3 months.
This indicates that between 1 and 3 months an
important change in the pore system of the concrete
occurs, calculations of the porosity should make it It seems that at the age of 1 month the value of
possible to confirm this (see §3.4). total porosity of all fly ash mixtures is quite gian,
When comparing surface A and B, it can bebeing significantly higher than the reference.
noticed that for the 50 and 67% fly ash mixture% at However, when looking at the capillary porosity the
month the B specimens exhibit a lower migration35 % fly ash mixture shows a lower percentage
coefficient. This demonstrates again that with ¢hescapillary pores. It can be noticed that the higiher
mixtures the molded surface has probably a mucpercentage fly ash replacement, the higher the
more porous structure, compared to the inner gart acapillary porosity, with the 50% and 67% mixtures
the concrete. This difference is not noticeablehwit exhibiting a similar value.
the reference and less remarkable with the 35% fly After 3 months a significant linear correlation
ash mixture. At an age of 3 months the differencécorrelation coefficient R2 = 0.997) can be found
between A and B is less explicit except for the 50%between the total porosity and the fly ash
mixture. When looking at the B specimens at Jeplacement level. The capillary porosity also
months, the 50 % mixture shows the lowestincreases with higher fly ash percentages but a
migration coefficient, followed by the other twq/ fl perfect linear relation cannot be found, especihiéy
ash mixtures and finally the reference mixture. The&67% fly ash is an outlier with a much higher
A specimens at the same age all exhibit a valueapillary porosity. For all other mixtures the
around 6 x 18 m/s2. At the age of 3 months all proportion TTP/CPP is quite similar.
values are below 8 x T8 m/s? which indicates a It can also be mentioned that after 3 months the
good resistance to chloride penetration according ttotal porosity decreases the most with the 35% and
[Tang 1992] and these values are expected t60% fly ash mixture, followed by the reference and

decrease even more in time. 67% mixture. Considering the capillary porosity, al
fly ash mixtures show a significant lower capillary
3.4 Permeable porosity porosity after 3 months, especially the 50% fly ash

The durability behavior of concrete will always be Mixture. Moreover, the FA50 and FA67 exhibit both

most influenced by the largest connected poredn increasing gel porosity, which clearly illusest
Because the air voids, being the largest pores, af€ transformation of capillary pores into gel pore

less connected the capillary porosity moren time, or also called the refinement of the pores



It should be noted that the permeability ofstronger capillary suction force and, as a
concrete is not a simple function of its porosiiyf  consequence, a larger water absorption rate at the
is considerably affected by the size, distributtordl  start of the sorption experiment. The total upteke
tortuosity of pores, the type and distribution ofwater at the end of the experiment will probably be
aggregates, and the nature and thickness a@hore determined by the larger capillaries.

interfacial transition zone [Safiuddin & Hearn 205 The influence of the capillary porosity at the
age of 3 months becomes clear when the sorptivity
3.5 Capillary properties coefficient is plotted against the measured capilla

As mentioned before, a measure for the capillarfr0Sity as determined in 83.4, see Figure 9. The
behavior of concrete is the sorptivity coefficient. €MPty and filled symbols refer to sorptivity
This coefficient describes the ease with whichya dr CO€fficients respectively determined after dryirg a
material absorbs water. To examine the influence of0°°C and 45°C. Linear equations and correlation
the saturation degree the capillary suction test Wacc_Jefflments of the regression lines are given imith
executed after drying at 45°C and after drying af'9ure ©-
105°C, each time to constant mass. Again, these
tests were performed with specimens at the age of 1
and 3 months. The results are plotted in Figure 8. " [¢ REF-3m FA35-3 A FAS0-5 @ FAG7-3

The cumulative water absorption curves of all o4 -
mixtures dried at 45°C and 105°C show that after 6121 -~ ... =" _______
respectively 24 hours the water uptake slows down. |
The data points of these periods, except the origirg
point, are used to calculate the sorptivity coéffic. e N O 2 T ECh

y=0.18x-1.13

OE

Figure 8 clearly shows that the initial water : os- R=099
content indeed plays an important role as theg 04l
sorptivity rises with the about the same proportionéozf
for all mixtures, except for the 67% fly ash mixur '
0.0 T T T T T T T T T
8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.0
MEASURED CPP (%)
M e 105 -3 i o Figure 9. Sorptivity coefficient as a function diet
—-s-105°c-i1mth| _ i 1 i
129 ZSTA0vC- 1 measured capillary permeable porosity (CPP).
——45°C - 1 mth

An almost perfect linear correlation (R? = 0.98
and 0.99) is found between the sorptivity and
measured CPP. As the fly ash replacement level
increases, the capillary porosity increases and a
higher sorptivity coefficient can be found. A sianil
relation is noticed when looking at the total pasos

SORPTIVITY COEFFICIENT (kg/m®h %%

0 10 20 30 40 50 60 70

FLY ASH REPLACEMENT LEVEL (%) at 3 months. At the age of 1 month such correlation
Figure 8. Sorptivity coefficient as a function bfet are absent, with especially the 67% fly ash mixture
fly ash replacement level. having a deviant behavior.

3.6 Air void properties

_ Considering the time effect, a significant 15 gptain a satisfying freezing and thawing
difference can be noted between the reference andgjstance most standards prescribe an air cootent
fly ash mixtures. While the sorptivity decreases inpinimum 3.5 to 4 % (in case of moderate exposure)

time with the reference, the sorptivity coefficieft [ACI 1992] and a spacing factor of maximum 200
the fly ash mixtures increases after 3 months. Thiﬁm [ASTM 2006]. These criteria are valid for

could possibly be explained by the lower capillaryooncrete containing air entraining agent. The air

porosity (refinement of the pores) of the fly ashognient (AC) and spacing factor (SF) of each
mixtures at the age of 3 months (see Figure 7). Thgixture is listed in Table 2.

presence of more smaller capillaries may cause a



— At the age of 1 month there can possibly be
Table 2. Air content and spacing factor of the internal damage due to repeated freezing and

mixtures at the age of 1 and 3 months. thawing in the 50 and 67 % fly ash mixture, but
Mixture 1 month 3 months no significant changes in the splitting tensile
AC AC strength are noticed. After 3 months of curing all
(%) SF (mm) (%) SF (mm) mixtures exhibit a very good freezing and
REF 378 012 257 019 thawing resistance; | |
FA35 468 0.10 330 0.16 - Wh_en conS|_der|ng _the freezing _a_nd thawing
resistance with the influence of deicing salts, the
FAS0 6.12 0.09 3.09 0.12 fly ash mixtures seem to exhibit a rather
FAG7 5.03 0.10 5.93 0.08

noticeable behavior. The mass loss due to scaling
is a lot higher at the molded surfaces compared to
o . the inner part of the concrete. This indicates
It should be indicated that the air content values jnportant differences of the air void properties

of different samples of the same mixture strongly ang pore characteristics at the molded surface and
deviate, sometimes up to 2 % and the air void jngide the concrete:

properties are measured on specimens taken from the Concerning chloride migration the 50 and 67%
inner part of the concrete. _ fly ash mixture appear to have a significant higher
According to the average values, the mixtures ygjye of the chloride migration coefficient.
should be resistant to freezing and thawing. Indeed powever, after 3 months all mixtures exhibit a

results of the freezing and thawing test show tihet good chloride migration resistance;

mixtures are not severely damaged by the freezing Tests results of the permeable porosity show that
and thawing cycles. When looking at the test result  the capillary porosity of the fly ash mixtures lstil
of freezing and thawing in combination with deicing  gecreases significantly after one month. After 3
salts, an important difference was noticed between yonths a perfectly linear correlation exists
the specimens with molded surface (A) and the ones petween measured total porosity and fly ash

taken from the inner part of the concrete (B). The ygpjacement. The higher the fly ash replacement
mass loss of the A specimens was significantly |eye| the higher the total and capillary porosity:
higher compared to the B specimens. The values The capillary water absorption experiments show

given in Table 2 refer to the B specimens and that fly ash mixtures appear to have a higher
confirm that when the air void requirements are,met \yater absorption coefficient after 3 months of

the freezing and thawing resistance is satisfactory curing, unlike the reference which has the highest
However, it should be mentioned that the 67% fly gorptivity coefficient at 1 month. This could

ash mixture generally exhibits a significant larger possibly be explained by the refinement of the
mass Ioss_. This indicates thgt not only air content nores which causes a stronger capillary suction
and spacing factor determine the freezing and force. The influence of the capillary porosity on

thawing resistance with deicing salts. The air void pe sorptivity appears clearly at the age of 3
properties of the molded surface should be studied  months where a linear correlation exists between

know what causes the extreme difference in mass the measured capillary porosity and the sorptivity
loss between A and B. coefficient.

The results of these tests indicate that further
research is necessary to examine the microstrlictura
4 CONCLUSIONS characteristics of the upper layer and the insfdg/o
This paper describes the results of different testash concrete specimens. More information about the
executed to study durability aspects of concretaize, distribution and tortuosity of the pores,unat
mixtures with different levels of fly ash replacame and thickness of the interfacial transition zone is
(up to 67%). Because durability is, to a large etxte needed to better understand the durability behavior
determined by the ease with which fluids can enteof the high-volume fly ash concrete.

and migrate through the concrete, the porosity and

capillary properties of the mixtures were also

examined. Following conclusions could be drawn:
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