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Abstract

Self-ignition coal gangue (SCG) used as one of precursors to fabricate autoclaved aerated concrete (AAC). Aiming at
studying water absorptivity and frost resistance performance of SCG-based AAC (SCGAAC), three-period water
absorption tests and freeze-thaw tests were carried out and the corresponding results were recorded and analyzed.
In order to modify the water absorptivity of SCGAAC, foam stabilizer was applied to adjust pore structure while
calcium stearate was expected to change hydrophilic feature of SCG. It was demonstrated that the compressive
strength of SCGAAC containing foam stabilizer or calcium stearate declined at different levels. For water absorption,
foam stabilizer failed to decrease the water content and even increased water absorption rates. Calcium stearate
controlled water absorption rate successfully although the ultimate water content hardly reduced. All of the SCGA
AC samples exhibited intact appearance after 50 freeze-thaw cycles and showed excellent frost resistance
performance. Three models were proposed to predict water absorptivity and frost resistance performance of SCGA
AC and the corresponding prediction results matched test resulted well.

Keywords: Self-ignition coal gangue, Autoclaved aerated concrete, Porosity, Water absorptivity, Frost resistance
performance

Introduction
Autoclaved aerated concrete (AAC) has been commonly
used as construction material by virtue of its functional
performance [1–6], in particular, thermal insulation and
energy efficiency [7–9]. AAC comprised of cement, fly
ash, lime and fine-grained aggregates has been produced
in Asia, Europe and Americas since it once turned into
creation in Sweden in 1930s [10]. In recent years, porous
and light concrete has been used to replace the trad-
itional soil in subgrade construction due to the porous
concrete subgrade showed the better stiffness and lighter
mass to avoid settlement deformation when roads were
in service. AAC with abundant pores is expected to be

an alternative in subgrade construction. However, the
excellent stiffness of AAC would be shadowed when the
porous material suffers high water absorption and frost
damage. The mass loss and compressive strength loss of
water-saturated AAC reached 1.5% and 16.6% after 50
freeze-thaw cycles. Frost resistance of AAC deteriorated
with the interior moisture increasing and it was easy to
generate frost-heaving cracks and denudation. However,
Miloš Jerman [11] observed that freeze/thaw resistance
of capillary saturated AAC samples was satisfactory up
to 25 cycles, and, the AAC with moisture content lower
than 10% can successfully resist to 50 cycles. Water con-
tent and sorptivity showed a strong impact on AAC per-
formance, especially on strength and frost resistance,
which are influential in subgrade structure.
As a porous product, pore structure has a strong effect

on the moisture distribution of AAC. In the past few de-
cades, some principles related to water migration in
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porous AAC system were presented [11–14]. For ex-
ample, it was found that water vapor diffusion and capil-
lary suction dominated in dry conditions and high
humidity circumstances, respectively. Water absorption
and migration caused by capillarity in porous materials
like AAC were defined as a sorptivity process which was
governed by the unsaturated flow theory [8]. The overall
capillary absorption was well described as two processes:
a capillary absorption in aerated pores achieved gravita-
tional equilibrium rapidly; and a slow capillary absorp-
tion into the matrix pores [15].
Coal gangue (CG) is a type of waste produced during

the coal mining process, which wifely stacks around ore
fields. The CG stacks are prone to self-ignite because of
combustible component in CG, and self-ignition coal
gangue (SCG) is generated. With the intention of con-
suming self-ignition coal gangue (SCG) effectively, SCG
was innovatively used as a precursor of AAC to fabri-
cated SCG-based AAC (SCGAAC) [16]. Actually, SCG is
a type of aluminum-rich cementitious materials with
high active ingredients. Aluminum-rich tobermorite by
replacing Si4+ with Al3+ was generated in SCGAAC im-
proving microstructure and macro properties. SCGAAC
with good compressive strength and stiffness is expected
to solve the uniform deformation problem in subgrade
structure, while SCGAAC consuming abundant tailings
and saving tons of cement is instrumental in reducing
foot print of infrastructure engineering.
For the application of SCGAAC subgrade, it is of im-

portance to modify the water absorption and frost resist-
ance of SCGAAC. In this study, two different chemical
agents were used to improve SCGAAC performance on
water absorption and frost resistance. Specifically, the
compressive strength and mass change of SCGAAC sub-
jected to freeze-thaw cycles were tested and the corre-
sponding prediction models relevant to porosity were
proposed.

Materials and experiments
Raw materials
The precursors of SCGAAC comprised of SCG, ordinary
Portland cement (PC), lime (L) and gypsum (G). The
chemical composition of the raw materials was listed in
Table 1. In this study, the SCG was resourced from Hei-
longjiang, China. The as-received SCG aggregates with a
particle size of 10–30 mm were milled to form SCG

powder which sieved through an 80 μm sieve.
Naphthalene-based superplasticizer (FDN) was selected
to adjust the slump flow (SF) of SCGAAC pastes.
Aluminum powder (AP) was used as a foaming agent in
AAC system.

Chemical agents and mix ratios
Two chemical admixtures added into the mixes when
fabricating SCGAAC samples. A foam stabilizer (F) was
used to reduce bubble cracking during the stirring
process and optimize pore structure of hardened AAC.
The foam stabilizer was a type of surfactant which dis-
persed aluminium paste in the slurry and produced bub-
bles of similar size. Meanwhile, the foam stabilizer
shrank the bubble size to balance the pressure inside
and outside easily and to reduce cracking bubbles during
the stirring and setting stages. The other chemical agent,
calcium stearate (C), was regarded as a waterproof agent
to decrease water absorption. The two chemical agents
were expected to reduce water absorption in different
ways. In order to improve the pore structure of AAC,
the foam stabilizer was applied to avoid bubbles merging
and to reduce interconnected pores. In addition, calcium
stearate achieved a hydrophobic AAC matrix that was
instrumental in absorbing little water. The dosage of the
chemical agents and the mix ratios of SCGAAC were
presented in Table 2.

Specimens
The mix procedures of SCGAAC was applied as the
method mentioned in a preceding study [16]. Slump
flow (SF) was a measurement index reflecting workabil-
ity of fresh AAC pastes and it was found that the SF had
an influence on the density and pore structure of hard-
ened AAC [16]. In this study, all of the fresh pastes were
controlled the SF at 250, 290 and 320 (±5) mm respect-
ively through adjusting the dosage of FDN. The SCGA
AC samples were moulded in 100 mm3cube metal
moulds. The fabrication process and the curing protocol
referred to [16].

Test methods
Super depth of field microscope (SDFM) was applied to
characterize the pore structure of SCGAAC. In order to
accurately identify the pores and matrix, the samples for
the pore characterization were pretreated. In order to

Table 1 Chemical composition and loss on ignition of precursors

Oxide (wt.%) CaO SiO2 Al2O3 Fe2O3 MgO SO3 Loss on ignition

SCG 1.18 61.02 23.55 6.70 0.52 – 2.5

PC 62.31 21.05 5.50 3.92 1.72 2.66 –

L 85.33 3.28 – – 5.20 – –

G 29.93 7.31 11.70 0.60 0.18 38.84 9.62
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form a contrast between the matrix and the pores, as
shown in Fig. 1, the SCGAAC sample was painted in
black and the pores were filled with titanium dioxide
powder. The images of the SCGAAC samples were cap-
tured by the camera of the SDFM and processed in the
dark field environment.
Compressive strength results were obtained from

testing SCGAAC cubes with 10 (±2) wt% water con-
tent. For the water absorption tests, drying treatment
at 105 ± 5 °C for 24 h was performed before absorptiv-
ity tests. Figure 2 exhibited the testing procedure for
the water absorption behavior of the SCGAAC sam-
ples. The water was periodically added into a tank to
soak the pre-dried samples. Specifically, the depth of
water for the first 24-h absorption test was as high as
3 cm and the mass change of the samples were re-
corded. The water depths for the second and third
24-h absorption tests were assigned at 7 cm and 12
cm, respectively.
The measuring process of water content and saturated

water absorptivity conforms to GB/T 11969–2008 [17].
The water absorptivity WR can be calculated as Eq. (1):

Table 2 Mix proportions of SCGAAC

SCG
(g)

L
(g)

PC
(g)

G
(g)

AP W/Pa

(‰) (g)

1300 559 481 78 1.3 3.14 0.50

Label Chemical agents SE
(mm)

FDN ρb

(kg/m3)
type (g) (%) (g)

f-1 – – 250 1.40 33.85 750

f-2 – – 290 1.60 38.69 635

f-3 – – 320 1.80 43.52 634

f-4 F 0.15 250 1.40 33.85 704

f-5 F 0.15 290 1.60 38.69 710

f-6 F 0.15 320 1.80 43.52 693

f-7 C 72.5 250 1.60 38.69 660

f-8 C 72.5 290 1.70 41.11 658

f-9 C 72.5 320 1.85 44.73 613
aW/P represents water-to-precursor ratio;
bρ represents SCGAAC density

Fig. 1 Super depth of field microscope (SDFM) images for pore characterization of SCGAAC: a) black-painting slice vs. original slice; b) pore-filling
slice; c) capture image
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WR ¼ Mg−M0

M0
� 100% ð1Þ

where Mg is the mass of sample after water absorption
and M0 is the mass of sample in absolute dry status.
Frost resistance performance of SCGACC was tested

according to GB/T 11969–2008 [17]. One freezing and

thawing cycle contained two stages: the water-soaked
samples froze in air at − 20 ± 2 °C for 4 h; and then the
temperature rose to 20 ± 2 °C and the samples immerged
in water for 4 h to thaw. The compressive strength and
mass change were recorded after the SCGAAC samples
were subjected to 50 freezing and thawing cycles.

Results and discussion
Pore structure of SCGAAC
According to the captured pictures of SCGAAC slices,
three main pore parameters were computed by the
OLYMPUS Stream software connected with the SDFM,
including porosity, pore-size distribution and average
length-width ratio (ALwR) of the pores. The results re-
lated to the pores of the SCGAAC samples were shown
in Table 3. It was observed that porosity increased with
the sample SF becoming larger. For the samples without
any chemical agents, the porosity rose by approximate
16% when the SF increased from 250mm to 320mm.
The f-1 sample showed the lowest pore content (45.93%)
and the highest density (750 kg/m3). The porosity in-
creased obviously as the SF was enlarged, especially the
percentage of the pores within 0.5–2 mm.
The chemical agents improved the pore structure of

SCGAAC at different levels through lowering the poros-
ity and mesopores. The foam stabilizer was a type of sur-
factant that reduced the surface tension of the slurry and
forming stable bubbles. Much more bubbles formed and
existed easily in the thick slurry with 250 mm SF when
the F agent was used. As the slurry becoming thinner
(320 mm SE), a part of bubbles inclined to merge and
crack in low viscosity pastes. The F agent made the
slurry hold the bubble in a steady status to avoid bubble
mergence. Hence, the F agent adjusted the bubble status
and content in the slurry with different SF and the thick
slurry witnessed an obvious effectiveness. The agent C
also showed an effect on adjusting pore structure of the
SCGAAC samples. For all of the samples with different

Fig. 2 The protocol of water absorption test: a) the water volume
for the first 24 h; b) the water volume for the second 24 h; c) the
water volume for the third 24 h

Table 3 Characterization of pores in SCGAAC

Label Porosity
(%)

Pore-size distribution (%) ALwR

Fine pore
<0.5mm

Mesopore
0.5 ~ 2mm

Large pore
>2mm

f-1 45.93 2.68 94.89 2.43 1.61

f-2 56.17 2.43 92.16 5.41 1.70

f-3 62.82 6.58 89.69 3.73 1.65

f-4 54.33 3.25 89.79 6.96 1.65

f-5 57.55 3.85 89.51 6.64 1.60

f-6 58.96 3.64 89.26 6.92 1.65

f-7 53.06 4.34 87.26 8.40 1.65

f-8 54.87 5.07 86.87 8.06 1.61

f-9 55.39 4.98 87.26 7.76 1.61
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SE, the samples containing the C agent had a lower por-
osity than those containing the F agent. It was found
that the small and large pores increased while the meso-
pores reduced.
ALwR was a parameter reflected the degree of pores

connecting. Assuming that independent bubbles in the
slurry were sphere and the ALwR equals 1 if there is no
any connection happening among the bubbles. The
ALwR exceeds 1 when the bubbles merge near a direc-
tion. Therefore, this parameter is an index for under-
standing the connection degree of pores in the SCGA
AC. The ALwR results showed no obvious relationships
with the porosity results. It was worth noting that the
SCGAAC including the C agent had the lowest ALwR
values at any SF levels, especially for the thin slurry
samples.

Mechanical properties of SCGAAC
Compressive strength was tested to assess the mechan-
ical properties of the SCGAAC. As exhibited in Fig. 3,
the chemical admixtures showed an influence on the
compressive strength. The foam stabilizer almost
brought no harm in compressive strength of the SCGA
AC while calcium stearate obviously decreased the com-
pressive strength. This was because that the density of
the SCGAAC containing calcium stearate was lower
than that of the others. The corresponding density re-
sults were listed in Table 2. The foam stabilizer kept
small bubbles suspending in the slurry rather than rising
up and cracking through adjusting the surface tension of
fresh slurry. The bubbles evenly distributed in the matrix
to form relatively dense system, which resulted in the
high compressive strength.
Compared to the admixture free samples, the com-

pressive strength of the SCGAAC comprising the agent
C declined visibly. The compressive strength was even
lower than 4.0 MPa when the SF was over 290 mm. The

SCGAAC containing the agent C with the lowest poros-
ity, according to the pore parameters presented in Table
3, had the lowest density. It was reasonable to infer that
calcium stearate had a negative influence on the matrix
of SCGAAC.

Water absorptivity of SCGAAC
Water-absorbing rates of the SCGAAC samples were
shown in Fig. 4. The water absorption curves for the f-1,
f-2 and f-3 presented the identical trends. During the
three water uptake periods, the samples with the 290
mm SF obtained the highest water content. The water
content of these three samples after 72-h absorbing were
at a similar level, ranging from 47.3% to 52.3%. Although
the foam stabilizer enhanced the compressive strength,
the water absorptivity failed to be controlled by using
the foam stabilizer. As shown in Fig. 4, f-4, f-5 and f-6
absorbed more volume of water in every period com-
pared to the counterparts without any admixture. For
the f-6 sample, the water content after 72 h was slightly
lower than 60%. Two potential reasons explain this re-
sults. The first one is the formation of interconnecting
capillary pores because of using the foam stabilizer, and
the other one is the matrix becoming more hydrophilic.
Compared to the foam stabilizer, calcium stearate ef-

fectively controlled the water absorption of the SCGA
AC within 48 h. Although the 72-h water contents were
near the others, the water-uptake of the SCGAAC com-
prising calcium stearate was obviously slow during the
first 24 h. Calcium stearate was a strong waterproof
agent for the SCGAAC, which can be seen according to
the slopes of water absorption curves in Fig. 4. For the
samples f-1 to f-6, the water absorption rates were vari-
able over the three periods, where the initial water up-
take slopes were steep and the rates gradually tended to
be flat at last. When it came to the samples with calcium
stearate, the trend of water absorption was different.
The samples kept absorbing water with an invariable
rate over the whole duration. The lowest water absorp-
tion of the SCGAAC came from the f-8 sample with
37.9% of the water content after 72 h.
The different trend of water absorption was mainly

from hydrophobicity caused by calcium stearate. It was
difficult for water to infiltrate into the CG matrix when
the water was initially on contact with the matrix. It
took time to permeate into the matrix during the im-
merging period. For the samples modified by calcium
stearate, moisture transport along the pore path because
of capillarity was a minor factor for water absorption
process. Although the driving force for water uptake was
capillarity, it was water-holding capacity that decided
how much moisture can be transported up. The SCGA
AC samples without calcium stearate absorbed water
quickly when water was on contact with the matrix and

Fig. 3 Compressive strength of SCGAAC
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the water content for the local matrix under the water
line nearly reached saturation over the first period. The
rate of moisture transport was slower than that of water
uptake, therefore, the curves for f-1 to f-6 showed de-
creased slopes. For the f-7 to f-9 samples, water absorp-
tion rates kept a constant throughout, which
demonstrated that the water content for the matrix was
unsaturated and it reached a dynamic equilibrium be-
tween the moisture transport and water uptake. There-
fore, calcium stearate was an effective waterproof agent
for SCGAAC and it was efficient to decrease water ab-
sorption rate and reduce water content at early time.

Frost resistance of SCGAAC
Figures 5 and 6 showed the mass change (Δm/m) and
compressive strength change of the SCGAAC samples
subjected to freeze-thaw cycles. The Δm/m results of the
samples after 25 cycles were exhibited in Fig. 5 (a). All of
the samples showed an increased mass after 25 freeze-
thaw cycles and the highest increment reached 6.53%
from the f-8 samples. It was worth noting that the
SCGAAC with calcium stearate increased more mass
than the other two types of SCGAAC in any SF status.
Combined with the water absorption curves shown in
Fig. 4, it can be inferred that the f-7 to f-9 samples being

Fig. 4 Water absorptivity of SCGAAC

Fig. 5 Mass change of SCGAAC subjected to a different number of freeze-thaw circles: a) after 25 freeze-thaw cycles; and b) after 50
freeze-thaw cycles
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unsaturated after 72-h water absorption and water kept
permeating in the matrix during the following freeze-
thaw cycles. That explained the highest mass increment
for the samples with calcium stearate. For the other two
SCGAAC samples, the mass increment showed a similar
level around 3.0%.
Figure 5b) presented the mass change of the SCGAAC

after 50 cycles. All of the samples still kept increasing
the mass after 50 freeze-thaw cycles, and all of the sam-
ples showed intact appearance. The SCGAAC without
calcium stearate increased the mass marginally after 50
cycles instead of developing mass loss. The steady mass
increase occurred in the SCGAAC comprising calcium
stearate, where the highest increment went beyond 10%
(f-8). It demonstrated that calcium stearate modified the
matrix hydrophobic and controlled the water perme-
ating. CG had strong water absorption ability itself and
it was ease for CG to seize surrounding water. Calcium
stearate probably changed the surface properties of CG
and water infiltrating postponed. Although this blocking
effect temporarily slowed water absorption of SCGAAC,
the following moisture transport through pore channels
was hindered notably.
In order to further examine the difference caused by

freeze-thaw cycles, the samples experienced 50 freeze-
thaw cycles dried at 105 °C to reach a constant mass.
The absolutely dried mass were recorded and the com-
pressive strength were tested, and the corresponding
comparisons were shown in Fig. 6. It can be seen, in Fig.
6 (a), the absolutely dried mass change Δmd/m was a
positive value for the each sample, which meant growth
of the SCGAAC matrix happened. This weight incre-
ment likely attributed to cement hydration during the
freeze-thaw period. The autoclave curing protocol for

the SCGAAC was heating at 196 °C (1.1MPa) in water
vapor for 8 h, during which most precursors would react
and generate reaction products. However, CG inclined
to hold and consume water as much as possible when
the precursors were mixed with water. It took hours for
cement particles to hydrate and the free water would be
insufficient for complete hydration taking place at that
time. The subsequent freeze-thaw tests appropriately
supplied water for the unhydrated cement. This was the
most likely reason for the absolutely dried weight incre-
ment of the SCGAAC.
The compressive strength of the SCGAAC was also

different with the counterparts experienced freeze-thaw
cycles. The ratios of compressive strength of SCGAAC
samples subjected 50 freeze-thaw cycles (σcon) to com-
pressive strength of the original SCGAAC samples (σun)
were presented in Fig. 6 (b). The f-1 to f-6 samples en-
hanced the compressive strength at different levels while
the f-7 to f-9 samples with calcium stearate had a de-
creased compressive strength. Herein, the freezing pro-
cesses were performed in air rather than in water,
therefore the unsaturated pores supplied sufficient room
for releasing frost heaving deformation. Moreover, all of
the samples were undamaged visibly and had increased
mass. It can be considered that the frost heaving damage
of the SCGAAC hardly happened. The decreased com-
pressive strength of the samples possibly resulted from
permeation stress as water infiltrated through the water-
proof matrix formed by calcium stearate.

Predictive models
On the basis of the test results, the water absorptivity of
the SCGAAC could be related to the matrix as well as
pore parameters. Herein, the fine pore (<0.5 mm)

Fig. 6 Difference of SCGAAC subjected to 50 freeze-thaw cycles: a) absolutely dried mass; and b) compressive strength ratio

Cong et al. Journal of Infrastructure Preservation and Resilience            (2021) 2:15 Page 7 of 10



fraction and the ALwR were applied to fit a predictive
model of water absorptivity of SCGAAC. The proposed
model was shown as Eq. (2):

Ws ¼ 0:75 ln ALwRð Þ þ 0:95P0:5 þ R1 ð2Þ
where Ws is the 72-h water absorptivity of the SCGAAC;
P0.5 is the percentage of fine pores (<0.5 mm); and R1 is
a parameter related to effectiveness of chemical agents,
equal to 0.1 as no chemical agent being used and equal
to 0.15 and 0.12 for foam stabilizer and calcium stearate,
respectively. The prediction values from Eq. (2) matched
well to the test results. For porous AAC, pore structure
strongly influenced water absorptivity. The pores with
large diameters hardly contributed to water absorption
process, therefor the fraction of those pores with small
size were considered to build the proposed model. The
isolated pores failed to convey water as an effective driv-
ing force during water absorption and the ALwR was
used to reflect the effect of pore interconnection on
water absorptivity. R1, a parameter related to material,
was applied to show the difference caused by chemical
agents.
For the frost resistance performance, compressive

strength variation (Δσ) and normalized mass increment
(Δm/m) were chosen as two assessment indexes. Herein,
two critical factors, strength-to-density ratio (σ/ρ) and
the total porosity (Pt), were used to build the corre-
sponding models. Strength-to-density ratio reflected the
effectiveness of matrix as a backbone of porous AAC
and pore volume supplied potential room for frost heav-
ing stress transferring. A parameter, R2, was applied to
show the difference caused by chemical agents. R2 for
the SCGAAC without any admixture assigned to a value
of 10.8, and R2 assigned to 10.9 and 10.1 when foam
stabilizer and calcium stearate were used respectively.
The secondary hydration of cement and influence of
chemical agent on mechanical properties were taken into
account when assign specific values to the R2. Accord-
ingly, the compressive strength variation of SCGAAC
experiment freeze-thaw cycles can be predicted using
Eq. (3):

Δσ ¼ 7:26 ln Ptð Þ− 1
250 � σ=ρþ R2 ð3Þ

The normalized mass increment of SCGAAC experi-
enced freeze-thaw cycles can be related to the strength-
to-density ratio, the fine pore porosity as well as material
parameter R3. These three factors corporately adjusted
the normalized mass increment, and assigned the values
of 1.10, 1.05 and 0.95 to R3 for chemical agent free
SCGAAC, SCGAAC with foam stabilizer and SCGAAC
with calcium stearate, respectively. Eq. (4) was proposed
to predict the normalized mass increment of SCGAAC:

Δm
m

¼ 1:14 � e−σ
ρ þ 1

64 � P0:5ð Þ2 −R3 ð4Þ

Figure 7 presented the comparison between the test
results and prediction results obtained from Eq. (2) to
(4). It can be seen that the proposed models showed
similar results to development of the SCGAAC experi-
enced water absorption and freeze-thaw cycles. The
model results matched to the test results at a good level.
To some extent, the proposed models supplied a guide
for SCGAAC design. The water absorption properties
and frost resistance performance can be obtained when
the basic physic properties of SCGAAC were tested.

Conclusions
Focusing on the water absorptivity and frost resistance
performance of SCGAAC, 9 SCGAAC samples with dif-
ferent SF and chemical agents were tested, including
porosity, water absorption, and mass change experienced
freeze-thaw cycles etc. According to the tests and corre-
sponding analysis, the main conclusions were drawn as
follow:

1) Foam stabilizer achieved dense SCGAAC through
adjusting surface tension of the slurry to hold more
isolated bubbles suspending in the fresh paste.
Calcium stearate had an effect on changing
hydrophilicity of the matrix material and decreased
the density of SCGAAC. Both foam stabilizer and
calcium stearate decreased the porosity of SCGAAC
effectively.

2) Compressive strength of SCGAAC was influenced
by SF and chemical agents. The SCGAAC with SF
of 250 mm had high compressive strength. Foam
stabilizer almost had no influence on compressive
strength while calcium stearate obviously decreased
the compressive strength.

3) SCGAAC had high water absorptivity due to the
porous matrix and high water uptake capacity of
CG. Foam stabilizer slightly increased the water
absorption and water absorption rates at any
period, while calcium stearate because of the water
proof property decreased the water absorption rate.

4) SCGAAC exhibited excellent frost resistance
performance. All of the samples kept intact
appearance after experiencing 50 freeze-thaw cycles
and the absolute dried mass of the samples slightly
increased. Most of the SCGAAC developed com-
pressive strength to the higher values and the sam-
ples comprising foam stabilizer increased the
compressive strength obviously. By contrast, com-
pressive strength of the SCGAAC containing cal-
cium stearate deteriorated.
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5) The models proposed for predicting water
absorptivity, mass change and strength change
matched well to the corresponding test results.
These models would reasonably predict water
absorption ability and frost resistance performance
through some basic physic parameters.
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