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Abstract

This study reports an experimental investigation designed to assess the influence of near-surface
moisture contents on permeation properties of alkali-activated slag concrete (AASC). Five different
drying periods (5, 10, 15, 20 and 25 days) and three AASC and normal concretes with compressive
strength grades ranging from C30 to C60 were considered. Assessment of moisture distribution was
achieved using 100 mm diameter cores with drilled cavities. Results indicate that air permeability of
AASC is very sensitive to the moisture content and its spatial distribution, especially at relative
humidity above 65%. To control the influence of moisture on permeation testing, the recommendation
of this paper is that AASC specimens should be dried in controlled conditionS@tfd010 days

prior to testing. It was also concluded from this study that AASC tends to perform less well, in terms
of air permeability and sorptivity, than normal concrete for a given strength grade. This conclusion

reinforces the need to further examine AASC properties prior to its widespread practical use.
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1. Introduction

Impacts of climate change on society are evident from the recent events and concentratipimof CO
the atmosphere presents a major factor closely linked with global temperature fluctuations [1]. With
the cement industry representing around 5% of global&issions [2], development of innovative,

low COp-impact binding materials is an area attracting intense research interest at present.

One possible alternative is alkali-activated slag, which is a clinker-free binder significantlyndifferi

from traditional Portland cement (PC) [3-5]. The production of 1 tone of alkali-activated slag emits
around 0.18 tonnes of GQo the environment, approximately 80% less than ordinary PC [2,4,5].
Encouragingly, previous research [5-9] confirms that alkali-activated slag concrete (AASChoffers
range of performance benefits, such as high mechanical strength at early stages of caliegt ex
acid-resistant characteristics, good resistance to freeze-thaw cycles and resistance to elevatec
temperatures. As such, the production and performance of AASC have been a highly active area of
academic and industrial research over the past decades. Despite this fact, however, the widespreac
commercial adoption of AASC has been limited to date owing to, in part, its relatively limited record

of durability in service [4, 10].

To become established as a successful alternative to PC-based concrete, AASC must offer similar
durability and long-term resistance levels to aggressive agents. To address this issue within a realistic
experimental timeframe, developing an understanding of cover concrete permeation properties
(including water absorption, permeability and diffusivity) directly impacting ingress rates of

aggressive substances from the environment, is essential [11-13].

Prior to all permeation testing, initial conditions of samples must satisfy certain requirements as
specified in classical theories [14, 15]. Drying is an unavoidable preconditioning procedure for gas
permeability [11, 16], gas adsorption [17], gas diffusion [18] and water absorption [19, 20]. However,

despite the existence of numerous drying methods for PC samples [21-23], no drying methods have
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specifically been developed for AASC to date. While the effect of different drying techniques on the
microstructure of conventional PC samples is well studied [21, 22, 24, 25], proposed techniques are
likely not be suitable for drying AASC samples due to inherent microstructural and gel chemistry
differences. As Collins and Sanjayan [26] have pointed out, AASC samples are more sensitive to
moisture loss than PC-based materials and may undergo a continuous sequence of irreversible
decomposition reactions during drying. As such, AASC physical and chemical properties might be
significantly changed, meaning that pre-conditioning procedures may impact test results and give
potentially misleading conclusions regarding long-term in-service performance [27, 28]. Meanwhile,
the correct interpretation of permeation test results requires determination of internal moisture content
and its distribution [11, 29]. This is a further area where in-depth research is lacking for AASC. It s,
therefore, not surprising that no specific moisture requirements have been established for evaluating

permeation properties of AASC.

Against this background, the main aim of this work is to propose a preconditioning regime suitable for
obtaining reliable data when measuring AASC permeation properties. To achieve this, a research
programme was undertaken to establish effects of various preconditioning regimes and moisture

contents on key properties including relative humidity, air permeability, sorptivity and porosity.

2. Experimental programme

Three strength classes (C30, C45 and C60) of both normal concrete (NC) and AASCs were considered
to represent common structural applications and enable direct performance comparisons. In terms of
moisture conditioning, samples were exposed to oven drying°&t #0 a range of periods (5, 10, 15,

20 and 25 days) and then assessed for both moisture movement during the preconditioning process an:
subsequent permeation properties (including air permeability and sorptivity measurements). General

properties of the concretes were also assessed, including slump, air content and 28-day compressive

strength. The overall scope of the test program is giv@alohe 1.
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In terms of the drying regime used in this study, comparison of drying techniques used for normal
concrete (NC) confirms oven drying as the most commonly due to its simplicity and rapidity [21, 23].
While it is known [11, 16, 17] that high drying temperature can induce microstructural changes of
cementitious materials due to physical and chemical reactions, this is particularly true for AASC.
Indeed, several studies have indicated that oven drying as low & &h cause significant pore
structure alteration in alkali-activated slag paste samples [10, 27]. From previous research, a drying
temperature of 40C has been reported as appropriate for minimising cementitious microstructural
alteration and capable of determining free moisture contents of NC and AASC samples [11, 27, 30]
and removing moisture effects on permeation results of a range of concrete types [11, 29}, As suc
the temperature of 48C was chosen as the pre-conditioning drying temperature for AASC in this

study.

2.1 Alkali-activated slag concrete mix proportion and raw materials

Based on previous related research [31-33], the mix proportions of the concrete tested in this
investigation are shown ihable 2. Granulated blast furnace slag (GBFS) supplied by Chongging Iron
and Steel Group and Portland cement (PC) conforming to GB-175 [34] were used throughout. The
specific area of PC used in this study is 3384w, 430 nt/Kg for GBFS. The chemical compositions

of both PC and GBFS are givenTiable 3.

The activator for AASC was a mixture of a liquid sodium silicate solution with a pre-specified modulus
of MS=1.2 (defined as the mass ratio of 5t® N&O). It was prepared by mixing a NaOH solution
and liquid water glass (N@: 29.03%, Si@ 12.07% by mass) in a pre-calculated ratio. TheONa

dosage was kept constant for preparing AASC, 5% of the GBFS content.

The fine aggregate used was medium graded natural sand (fineness modulus: 2.60) and the coars
aggregate was 10 and 20 mm crushed basalt in equal proportions, conforming to GB/T-14684 [35] and

GB/T-14685 [36], respectively. Aggregate moisture content was controlled by drying in an oven at
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105+5°C for 24 hours followed by cooling in an environment controlled room (ZD35+10%) for

one day before casting concrete.

2.2 Specimen preparation

For each concrete mix, constituent materials were batched by mass and mixed according fo BS 188
part 125: 1986 [37]. All fresh concrete was initially assessed for consistence (slump test) and air
content [38]. Two 300250150 mm slabs and six 100 mm cubes were subsequently manufactured
for each mix to facilitate permeation studies and compressive strength testing. Full compaction was
ensured for all specimens using both vibrating table (cubes) and an internal flexible shaft vibrator
(slabs) and was considered to be achieved when no air bubbles appeared on the concretdtsurface. A
compaction, all specimens were covered with a polythene sheet, de-moulded the following day and
placed in a curing room (temperature: 2832relative humidity: 95+5%). Cube specimens were

removed at the age of 28 days and tested for compressive strength.

Slump, air content and compressive strength results are report€dble 2. It indicates that
corresponding AASC and NC mixes exhibited similar properties. For the AASC mixes, ranges of
slump, air content and strength values recorded were 145-200 mm, 1.6-2.1 % and 34.5-66.5 MPa
respectively. Corresponding ranges for the NC were 165-195 mm, 1.5-1.8% and 37.0-69.5 MPa. The
conventional properties of AASC and NC are not discussed in detail, as attention will be confined to

assess the moisture loss process and their influence on permeation properties of AASC and NC.

After 56 days, six 100 mm diameter cores were extracted from the slab specimens for each concrete
and saturated by incremental immersion for 10 days. Incremental immersion involved exposure of one-
half of the specimen to water initially to allow both water absorption and air removal. After 4 days, a
further quarter of the depth was immersed before complete immersion after another 2 days. The whole
process is shown iRigure 1, which allowed the specimens to be saturated by capillary action without
trapping air [20]. At the completion of the saturation process, the saturated mgsan(@vithe

dimensions (radius, r and length, 1) were measured. The six cores for each mix were thein placed

5/26



drying cabinet (temperature: 4C; relative humidity: 35 %) and were divided into two groups as

follows:

1) Three cores were used to study the relationship between air permeability and moisture condition.
After five different drying periods (5, 10, 15, 20 and 25 days), the three cores for each mix were
removed from the oven, wrapped in a polythene sheet and cooled to room temperature (&&und 20
55% RH) for 1 day. Air permeability and relative humidity measurements were then carried out
and, the specimens placed in the drying cabinet. After undertaking the last set of air permeability
and relative humidity tests, water absorption testing was carried out in accordan&s:\kzibt
13057 to determine sorptivity values [39].

2) The other three cores for each concrete mix were used to assess capillary and gel porosity. To
estimate capillary porosity, the cores were placed in the drying cabinet@u#dil constant mass
(M4oc) was achieved. To assess gel porosity, the cores were then placed in an ovefCatol105
reach the mass equilibrium state1(bd). These procedures were developed based on the previous

studies [11,27,29,30].

2.3 Test methods

2.3.1 Relative humidity on the surface and in the 20mm drilled hole

Relative humidity (RH) provides direct information about the content and distribution of moisture in
the concrete sample and is considered a useful parameter in checking the reliability of an air
permeability measurements; particularly when distinguishing between pore structure and moisture
affects[14,16,20,21]. In this study, RH measurements were carried out on sample surfaces and within
drilled 20 mm deep holes using an RH probe, which is showigire 2. Prior to measurements, the

sensor was calibrated using a saturated salt solution with a known RH.

After measurements were taken, the drilled holes were sealed with rubber plugs fitted with silicone to

ensure that the reading in the cavity was not affected by ambient conditions. Both RH and temperature
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was recorded for each measurement after stabilisation was reached; a process generally taking arount
40 mins to achieve. Two replicates were performed for each test set (one measurement in each of the

test cores), the mean value of which was reported.

2.3.2 Water absorption test

The sorptivity of concrete was determined according to the standard procedure provided in BS-EN:

13057, 2002 [39]. For each concrete, a 100 mm diameter core dried in the ovéQ doA@5 days

was placed in contact with water in a shallow tray. Water was absorbed through the bottom surface
and the mass gain of the specimen was measured every minute over a period of 16 minutes. To computs

the value of sorptivity, the data points were fitted using linear regression in the form of Equation (1):
i= A+ St (1)

where i is the volume of water absorbed per unit area®(mmr); S is a material constant called the
sorptivity (mm/mif?®); Ais a constant (mm) and t is the time elapsed (min). The mean value of three

measurements was reported along with the average error.

2.3.3 Air permeability test

Figure 3 shows the surface mounted air permeability test instrument used in this study to assess both
AASC and NC, further details of which are reported in the literature [29]. The test area considered was
the inner 50 mm circle of the 100 mm cylindrical specimen, isolated using a base ring. The instrument
was manually pressurised by a syringe and when the pressure in the test chamber reached 0.5 bar, th
test commenced automatically. The pressure inside the test chamber then decreased dugitogir esca
through the pores in each specimen. The rate of pressure decay was monitored every minute for 20
minutes and used to compute the air permeability index, API (unit: In(bar)/min) using the following

equation:

R
In—-

o= F; (2)

t 1
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where t is the time (s);iRnd R (N/m?) are the pressures in the chamber at the start and at any, time, t

respectively. Three samples were tested for each concrete mix.

To assess the influence of moisture on the air permeability, the API is normalised based on the RH in

the 20 mm hole, which is shown as follows:

®3)

APl =
AP,

where AP} is normalised dataiP I is the API after drying for different period&P 1254 is the API
after drying for 25 days. With no physical meaning, the values obtained in this way were only used to

establish the relationship between air permeability and relative humidity.

2.3.4 Capillary porosity and gel porosity

Porosity was determined by the mass difference of water-saturated and dried samples at different
temperatures. In general, capillary porosity refers to the pore space occupied linelddigrcapillary

force, the removal of which does not need high energy [25]. Previous researches [11,29,30] show that
this property was estimated by drying saturated samples and measuring the weight loss under 40-50
°C and this weight loss is taken as an estimate of porosity of the capillary system. According to this,
the gel pores were determined by the moisture loss und€ d0d 105C, as the capillary pores and

gel pores are two main types in concrete.

Capillary and gel porosity was determined on the basis of the mass (or moisture) loss of @ saturate

specimen dried at 40°C and 105°C, respectively, till constant mass and using the following equations:

Capillary porosity: f, = % x100% (4-1)
Pw
Gel porosity: f, = M“@L'\Z/:“E x 100% (4-2)
Pw
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where M is the mass of a saturated sample (kgpcMnd Mosc are the mass of a sample after drying
at 40°C and 10%C (kg); pw is the density of water (kgf r is the radius of the sample (rh)s the

length of the sample (m).

2.3.5 Microstructure analysis

Pore structure characteristics of NC and AASC were determined by mercury intrusion porosimetry
(MIP) and Scanning Electron Microscope (SEM). The MIP instrument was capable of a minimum
intruding pressure of 0.52 psi (26.89 mmHg), and a maximum of 33000 psi (227 MPa), while the
contact angle assumed in this study was.1Be corresponding range of pore diameters was between
about 350 um and 5 nm. The intruded volume could be read to an accuracy of 0.1 um. The
microstructure analysis was performed with TESCAN VEGA 3LMH. In this apparatus, an image is
transformed into more than 20kv electrical pulses, each corresponding to a square of the image-picture

point. The size of a photo depends on the magnification used.

The size of the specimens was about 3-4 grams for concrete, which was obtained after compressive

strength tests. The preparation involved the gentle drying°&t diitil constant weight reaches.

3. Resultsand discussion

3.1 Moisture condition after drying

Figure 4 shows a summary of RH results for both NC and AASC specimens after different drying
periods. As expected, moisture loss from all concrete is reflected by a general trend of decreasing RH
values with increasing drying periods. For RH values at the surface of both AASC and NC at different
strength grades considered, it is also clear fFdgures 4-a and-c that no typical patterns exist,
suggesting that the concrete type and compressive strength level have minimal impact on the surface
humidity during drying. With respect to RH within the drilled 20 mm cavitiegur es 4-b and-d),

RH values were consistently higher than surface measured values. This indicates that, for both NC and
AASC specimens, moisture gradients were formed during the drying process and a moisture

equilibrium state was not established.
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Furthermore, the results of AASCs show three distinct features compared with NC during the drying
process. Firstly, drying for 10 days at 4D caused a substantial RH drop at the 20mm cavity (from
80% to 60%) and further drying did not result in significant RH reductions. On the contrary, a more
constant rate of reduction in RH readings for NC was observed. Secondly, no noticeable difference in
RH within the 20 mm cavities was identified for the three AASCs considered, suggesting a minimal
impact of compressive strength grade (or w/b) on 20 mm RH. For NC, a more noticeable difference
RH values with time existed between different mixes. This was most pronounced for the C30 mix,
which consistently exhibited higher (on average 5%) RH levels than C45 and C60 mixes across the
drying time intervals considered. Differences of C45 and C60 were less significant. Lastly, the RH

results of AASC were consistently lower than NC during the drying process.

The above observations emphasise the influence of concrete type on the features of moisture loss in
the drying process and are consistent with results obtained with related studies [10,11,21,30]. While
few reports documenting the moisture loss characteristics of AASC are available presently, a
comparison can perhaps be drawn to concretes containing large amounts of supplementary
cementitious materials, in particular GBFS, given their similarity to AASCs in terms of hydration
products and microstructure. Indeed, investigations of concretes comprising 50 % GBFS concluded
that they tend to dry more rapidly than similar concrete made with plain Portland cement [29, 40]; a

trend consistent with the results obtained from this study.

On the other hand, the rapid moisture loss noted for AASC in 1-10 days may be considered surprising,
given that numerous reports have shown its pore structure tends to be very dense and impermeable [10
28, 41]. An explanation for this may be the different role of water in AASC compared to NC. Water
in AASC plays an important role in the kinetics of dissolution of ionic species and polymerisation
processes. In the hardened state, it exists as absorbed water inside pores or as condensed hydrox
groups on the surface of the calcium silicate hydrate (C-S-H) gel. It is believed that the water does not

notably participate in the formation of the main product phases and does not form a strongly hydrated
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binder phase similar to Portland cement. Therefore, water in AASC is reported to be easily removed

from specimens [27, 42, 43].

Another feature noticeable froRigure4 is that for both AASC and NC, most readings became stable

after drying for 25 days, varying from 40 to 60%.

Considering the variation of RH results, evaporable moisture in the AASC specimens dried out more
quickly than for NC. After drying for 10 days, the RH values for AASCs were typically around 60 %,
regardless of compressive strength grade. Consequently, the main conclusion drawn from this element
of the study is that the required pre-conditioning period for AASC is a minimum of 10 days. This is
considerably less than NC, which requires at least 20-day drying to achieve a similar moisture

condition.

3.2 Porosity and sor ptivity

Regarding the relationships of RH versus drying duration plottédyur e 4, the controlling influence

on the trends noted was capillary moisture loss, which occurred at the controlled drying environment
of 40°C considered. Not affecting the result$-igure 4 was physically bonded or adsorbed moisture

on gel surfaces, which is typically lost at temperature around@.(®4, 23, 27, 44]. In this element

of the study, therefore, both capillary and the gel porosities were determined on the basis of the

moisture of 40C and 105C respectively.

Influences of concrete type and compressive strength grade on capillary and gel porosity are shown in
Figure 5, which for both AASC and NC shows increasing total porosity with decreasing compressive
strength; an expected trend due to established relationships between w/b ratio and compressive strengtl
[25, 45]. At all three strength grades considered, also clearRrgune 5 is consistently higher total
porosity for AASC (ranging from 10.13 to 13.12%) compared to NC (ranging from 8.77 to 12.79%).

This is justifiable given the inherently high strength binder systems associated with AASC [6, 7, 9].
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As such, for a given compressive strength grade a higher water/solid ratio was used for AASC, relative

to NC (se€T able 2), thereby resulting in higher levels of ultimate porosity.

Sorptivity is a key parameter when assessing concrete durability, particularly developing a
understanding of water transport process under the unsaturated conditions [10, 18, 45-47]. As
obtaining reliable values and interpreting test results correctly requires all evaporable motkire in
test sample to be removed initially, all water absorption testing in this study was carried out on
specimens dried at £C for 25 days. This time period was selected based on the results published in
Figure 4, which showed stabilised values of moisture for both AASC and NC at this time. Resultant

sorptivity values obtained are plottedrigure 6.

Clearly for both AASC and NC, sorptivity values increased with decreasing compressive strength
grade (or increasing w/b ratio). Also clear frafigure 6 are markedly higher values of AASC
sorptivity relative to NC for each strength grade considered. Sorptivity values for NC strength grades
C30, C45 and C60 were 1.00, 0.72 and 0.47 mn¥/tmiespectively, while corresponding values for
AASC were 3.14, 2.15 and 1.19 mm/finAs capillary porosity and moisture distribution are similar

for both concrete types (as indicatedrigure 4 and5), this observation cannot be solely explained

by a higher w/b ratio for AASC.

This seems contrary to previous research [4, 44], which based on porosimetry and microstructural
studies reported alkali-activated slag binder systems to comprise smaller pores with a higher surface
area relative to cement binder systems with similar porosity. It should be highlighted that these

investigations generally focussed on the gel porosity (and not capillary porosity) of paste samples. As
the full complexity and characteristics of pore structures can only be captured through microscopic

examination, volumes of materials analysed were small and observations perhaps not statistically
representative of pore connectivity at a more macroscopic scale. Permeation properties, e.g. sorptivity,

permeability, diffusivity, are more sensitive to capillary porosity and pore connectivity. Severas studi
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for AASC also show that the sorptivity of AASC is lower than that of NC, but performance
comparisons made in these studies was not based on similar compressive strength grade and, mor
importantly, no relevant moisture conditions were reported [28, 46, 48, 49]. As such, relevant
comparisons with results presented in this study cannot be directly made. As explained previously,
evaporable moisture was removed from all specimens prior to testing under the similar moisture
condition, higher sorptivity values for AASC were clearly seeRigure 6. The observed trend may

be due to the effect of connectivity in the emptied pores and it is likely that the capillary wovekne

of AASC is more connected or less tortuous than the pore networks developed in NC. To further prove

this point, SEM and MIP were used to compare the microstructure charactersitics of AASC and NC.

Figure7 shows SEM results of AASC and NC. A relatively low magnification (500x) is large enough
to include essential features of binder phase which is giveigure 7 a-1 (AASC C60),a-3 (AASC
C30),b-1 (NC C60) andb-3 (NC C30). For AASC, uniform hydration products are found and no
crystal is seen, while fragments of several different crystals are present in NC and the sutdace of
hydration products is not smooth as AASC. Furthermore, the shape of pores in AASC is significantly
different from that in NC for a given compressive strength grade. More specifically, despite of denser
hydration products, AASC has shown cracking patterns and relatively more pores as illustrated in
Figure 7, but within hydration products display little detectable pores. For NC, the pores appeared to
be relatively few in number and generally performs like a hole. This feature can be shown in detail at
higher magnification ifrigure 7 a-2 (AASC C60),a-4 (AASC C30),b-2 (NC C60) and-4 (NC C30).

It can also be found in AASC samples that some visual pores are interconnected, whereas pores in NC

samples seem isolated with each other.

Pore size distribution of AASC and NC was determined through MIP measurements. Data summarised
in Figure 8, show the occurrence of pores in AASC and NC. Apparently, for a given compressive
strength grade, the porosity of AASC is much higher than NC which is consistent with the results of

capillary porosity shown ifrigure 5. In addition, AASC has more fine pores than NC especially for
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pores with diameter less than 50nm, but there are less coarse pores in AASC. This observation agree:
well with previous results that have suggested that AASSC has a dense pore structure [4,8]. By means
of a pattern recognition system, it is possible to characterise the threshold pore diameter estimated by
measuring highest variation of pore volume. For AASC C60 and C30, the threshold pore diameter is
approximately 80nm, meaning that the w/s ratio does not play an important role. For NC, however, the
situation is significantly different, as the threshold value of C60 is around 10 nm and much lower than
C30 (around 95nm). As such, there are more relatively single continuous pores occur in AASC. This
allows rapid bypassing of the pores. As expected from the comparatively low w/b ratio used, the
proportion of pores was limited. It suggests that water or air flow pathways in AASC might be self-
organising into a network structure and the significant difference in water absorption behaviour
between AASC and NC must be due to the occurrence of relatively large and continuous voids

AASC.

In this study, comparisons of sorptivity between AASC and NC were based on equivalent compressive
strength grade under the moisture free condition and for a given compressive strength grade, AASC
tends to have a higher water/solid ration, which naturally results in a higher permeation characteristic.
In addition, the sorptivity reflect the near-surface properties, while most current studies focus on
measuring the permeation properties of the whole sample [13,14,29]. The difference between the near-

surface zone and core section may be another factor contributing the observed trend.

3.3 Air permeability after drying

An air permeability index (API) was determined for each NC and AASC mix using the surface
mounted permeability test equipment as described previously. To evaluate the effean@f dry
durations on the results obtained, all specimens were initially dried in an ovePCafot® different

durations (5, 10, 15, 20 and 25 days).
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The relationship between API and drying period are plotteHigare 9, which clearly indicates
generic effects of compressive strength (increasing strength resulting in decreasing API), yqecrete
(API higher for AASC than NC for each strength grade considered) and drying dugsrmrd]ly
increasing API values with increasing drying period). In terms of the latter effect for AASC, an
increase in drying period from 5 to 10 days resulted in a significant rise of APl (more than 200%)
with increases beyond this time diminishing significantly in value (less than 5%). This trend suggests
that for AASC, undertaking air permeability measurements after a minimum of 10 days initial drying
at 40°C is likely to minimise the risk of result being compromised by moisture effects. For NC, on the
other hand, results obtained from this study compare favourably with previously published data [11,

40], indicating minimal effects of moisture on API beyond 20 days of initially drying 4T 429, 50].

To further investigate the influence of moisture on air permeability of AASC and establish a moisture
requirement for a reliable air permeability measuremErgure 10 provides the normalised air
permeability for AASC and NC plotted against corresponding RH values measured in the 20 mm deep
specimen cavities. It is clear that AASC and NC follow a similar trend. More specifically, laelBw

65%, the normalised air permeability of both AASC and NC are generally constant, suggesting that
moisture effect has been removed, while the effect of moisture is highly significant for wet concrete
specimens with RH > 70%. Consequently, for AASC it is reasonable and practical not to consider a
correction factor to the air permeability, when the relative humidity at the surface region is below 65%.

This recommendation for the AASC air permeability measurement is consistent with the NC.

In addition, the air permeability of both AASC and NC falls as the compressive strength grades rise
The API values of AASC showed similar general trends as sorptivity for a given compressive strength
grade but to different degrees. These observations clearly indicate that even with similar capillary
porosity (as illustrated iRigure5) and compressive strength (as givemable 2), concrete specimens
do not necessarily exhibit similar permeation properties (showingur e 6 and9) and the concrete

type could also significantly affect relevant performance. This is because the w/b of NC needed to be
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lowered by a greater proportion to achieve the designed compressive strength. Thus, the pore structure
of NC was improved that probably exceeded the benefits from hydration products from AASC. As
such, the performance difference between NC and AASC cannot be judged by comptessiyk

alone.

4. Conclusion

From the experimental results represented in this study, the following conclusions can be drawn:

1) AASC has arapid moisture loss rate up to 10 days of drying, afterwards the moisture at 20 mm
in AASC becomes stabilised. Unlike NC, the strength grade (or w/b) of AASCs has no
influence on changes in RH values at 20 mm irrespective of the drying duration. In this process,
the RH values of AASC are always above 40 %, indicating that this drying regime is mainly to
remove capillary moisture and hence, it can be used as a preconditioning regime for durability
tests (such as air permeability, sorptivity) of AASC samples.

2) For a given compressive grade, AASC has a similar capillary porosity as NC, but more
permeable in terms of air permeability and sorpitivity. The air permeability of AASC increased
with an increase in the drying duration, but became stable after 10 days of drying. Therefore,
to eliminate the influence of moisture on air permeability and sorptivity, the AASC samples
can be dried for 10 days at 40 or an RH value of <65% on the surface and at 20 mm is
achieved.

3) Microstructure examination using moisture loss under different temperatures, SEM and MIP
reveals that for a given compressive grade the AASC tends to have a higher porosity and more
importantly, the pore size distribution of AAS€more continuous, which has a major effect
on the permeation properties. In order to clearly explain the transport behaviours of AASC,
measurement of pore structure in terms of size and numbers is more significant than in terms

of volumes.
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4) The results highlight the need to fully assess the durability performance of AASC. As expected,
the compressive strength alone was not sufficient to justify the difference in durability

behaviour between NC and AASC.

The pore structure of AASC is dependent on many factors, including the ingredients, mix design,
curing conditions, and in an effort to produce durable AASC structures, in addition to specifying target
compressive strength and maximum w/b ratio, it is essential to prescribe permeation properties which

satisfy pre-specified requirements.
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Table 1 Experimental programme

Variable

Level and parameter investigated

Concrete

Type

AASC, normal concrete (NC)

Compressive strength grad

C30, C45, C60

Moisture condition

Oven dry at 40C for 5, 10,
15, 20, 25 day

Relative humidity (RH) measurements
surface and in 20 mm cavity

Properties measured

Permeation properties

Air permeability, sorptivity

General properties

Air content, slump, porosity, compressi
strength

Table 2 Mix proportions and general properties of concrete tested in this study

Concrete type AASC NC
Strength grade C30 C45 C60 C30 C45 C60
Binder (GBFS for AASC an( 400 400 400 380 420 480
Portland cement for NC
(kg/m®)
Water (kg/ni) 157.6 137.6 117.6 235 165 165
Superplasticiser (%) - - - 0.5 0.8 1.5
Water glass, Ms: 1.2 (kgfin | 82.5 82.5 82.5 - - -
NaOH (kg/n?) 12.9 12.9 12.9 - - -
Fine aggregate (kgfn 740 785 790 725 785 765
Coarse aggregate (kg/n 1110 1085 1065 1035 1100 1050
Slump (mm) 200 180 145 165 180 195
Air content (%) 1.8 2.1 1.6 1.5 1.7 1.8
Compressive strength at 7 34.6 53.6 66.7 36.8 55.1 69.5
day (MPa)
Note:
1. The NaQ dosage was kept constant, 5% of the binder content;
2. Superplasticiser was used for NC.
3. Superplasticiser refers to percentage of cement content.
4. Ms is defined as the mass ratio of 5t® N&O.
Table 3 Chemical composition of GBFS and PC (percent by mass, %)
composition| SiOp Al203 | FeOs | MgO | CaO NaoO | K20 Loss | Other
GBFS 31.63 |13.42 |1.32 9.12 36.35 |0.34 0.46 0.61 6.75
PC 21.33 |5.80 2.57 2.41 60.21 | 0.70 0.21 - 6.67
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