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Due to the depletion of natural sand resources, it is urgent to develop synthetic sand that will replace the natural one in
the production of concrete. In this study, we carried out descriptive inspection of mortar working performance, mechanical
properties and internal cracking under three different application schemes of fine aggregate, including natural, artificial, and
basalt sand. Tests showed that the mortar with river sand had more internal cracking and lowest strength as the temperature
rises. The artificial and basalt sand had better resistance and less internal cracking than river sand at high temperature. The
compressive strength of basalt sand mortar (BSM) was slightly higher than that of artificial sand mortar (ASM), while the
compressive strength value of river sand mortar (RSM) was the lowest at room temperature. However, when heated to 100◦C,
the RSM had 48% loss of strength, followed by the BSM at 45.4% and ASM at 11.6%. Above 100◦C, none of the mortar samples
meet the requirement of the calcium sulfoaluminate cement 42.5. The average atomic ratios (Ca/Si, Ca/Al, and Ca/Si) for the
ASM and BSM increased with the rise in temperature. XRD showed that above 100◦C, the diffraction peaks of Ettringite (AFt)
disappeared, the number of CaSO4 diffraction peaks decreased significantly, the intensity decreased, and a diffraction peak of
CaCO3 appeared.
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1. Introduction
Due to the world’s steadily growing popula-

tion [1] and an unbroken trend toward urbaniza-
tion, nearly 40 billion tons of sand are mined each
year to meet the growing global demand for build-
ing materials [2]. Although this figure is already
impressive, the global demand for sand could in-
crease by 45% by 2060 and put this natural re-
source at risk [3, 4]. As desert sand is unsuitable
as a building material [5], it has to be mined or
dredged from rivers, deltas, and marine and coastal
ecosystems, causing environmental damage [6]. At
present, the Chinese government’s Department of
Natural Resources is paying increasing attention to
water and soil protection around rivers, and the ex-
ploitation and use of natural river sand are subject
to many restrictions [7, 8]. Artificial sand, creat-
ing by crushing stone aggregate, is gradually re-
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placing natural river sand in the production of con-
crete [9, 10]. However, use of artificial sand as con-
crete fine aggregate has led to problems such as
reduced workability, high admixture demand, and
increased surface cracking [11, 12], which in turn,
has led to extensive research on the performance of
this sand [13, 14]. Due to the influence of the grain
morphology of artificial sand and the production
process [15], the mix proportions of artificial sand
concrete are different from the proportions of or-
dinary Portland concrete (OPC) [16]. The concrete
mix proportion needs to solve the above-mentioned
problems of poor workability and durability.

In the tropical marine environment [17], con-
crete structures frequently experience large tem-
perature differences under the alternating effects
of sunshine and rainfall [18]. Reports [19, 20]
have shown that the surface temperature can be
30 to 50◦C higher than the ambient temperature
for CSA concrete under direct sunshine, rising as
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high as 90◦C under extreme conditions [21]. Rain-
fall causes the temperature of the concrete structure
to drop rapidly [22]. Both high temperature and
rapid changes in temperature affect the durability
of CSA structures [23]. Recent studies of CSA ce-
ment and concrete have shown that heat has a neg-
ative impact on CSA structures [24, 25]. As the
exposure temperature rises, several deformations
have been recorded, characterized by a decrease in
strength [26] when the deformation increases as the
target temperature rises [27].

Studies of ordinary concrete and reinforced
concrete show the extent of temperature effects
on durability. The transient thermal deformation
of high-performance OPC concrete under various
temperatures and load coupling also found that
transient thermal deformation occurred only in the
first temperature cycle [28]. A study of the me-
chanical performance evolution of ethylene-vinyl
acetate copolymer (EVA) modified concrete found
that high temperature reduced the compressive and
tensile strength of concrete [29], and EVA can re-
lieve damage due to changing temperatures to some
extent [30]. It was found in reinforced OPC con-
crete samples at alternating temperatures that tem-
perature alternation results in defects such as cracks
on steel surface oxides, and it reduces reinforcing
concrete interface strength, which affects the dura-
bility of the structure [31].

This research study’s purpose was to explore
the influence of different fine aggregate usage
schemes on the performance of CSA mortar when
exposed to elevated temperatures; river, basalt and
artificial sand were used as the fine aggregates to
produce mortar. For the three different types of
fine aggregates, we carried out an extensive set of
tests, including mechanical strength testing and X-
ray diffraction (XRD), X-ray fluorescence (XRF),
scanning electron microscopy (SEM), X-ray spec-
troscopy (EDS), and thermogravimetric (TG) ob-
servation of the calcium sulphoaluminate mortar
(CSAM). This paper discusses the impact of dif-
ferent fine aggregates on the workability, mechan-
ical properties and durability of CSAM after con-
ditioning at different high temperatures. The paper
also considers which type of sand remains most
acceptable from an engineering perspective when

mixed with CSA and exposed to various high tem-
peratures. The concern is to optimize the stability
of the production of CSA structures that might be
exposed to high temperature for expanding its life
span.

2. Raw materials tests
2.1.1. Characteristics of the different sands
used
(a) River sand

In this experiment, the natural sands came from
the river, from Gongyi Yuanhengjing Water Sup-
ply Factory in China. This sand is characterized by
hardness and rounded shape, derived from weath-
ering during water transport. It has many advan-
tages. For example, its particle sizes vary from 0.6
to 4.75 mm, and they have low percentages of dust,
clay and other impurities, typically not more than
0.03%. The sand used in this experiment has a den-
sity of 1.6 g/cm3 and a fineness modulus of 2.6.
Figure 1 indicate the peaks of the specific element
and their concentration in the river sand.

Fig. 1. Chemical composition of the river sand

(b) Artificial sand
Artificial sand (Figure 2) supplied by Gongyi

Yuanhengjing Water Supply Factory in China was
obtained by mechanically crushing natural stone. It
consists of loose grains with no cohesion. The grain
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Table 1. Fine aggregate gradation

Sieve size (mm) %passing Heat conductivity Purchase price in the Chinese market
Gradation W/(m·C) US$/kg

0–0.6 20
0.6–1.18 45 0.27 39 River sand

1.18–2.36 25 0.05 49 Artificial sand
2.36–4.75 10 0.12 90 Basalt sand

Table 2. CSA chemical composition weight in percentage

CaO Al2O3 SO3 SiO2 Fe2O3 MgO TiO2 K2O SrO Na2O Cl P2O5

519.4 86.2 86.2 40.5 80.0 13.1 5.1 6.8 59.9 0.5 1.3 0.5
45.28% 17.51% 15.76% 9.19% 2.50% 1.90% 0.75% 0.48% 0.17% 0.19% 0.11% 0.10%

Table 3. Mixing of the mortar samples

Number of samples CSA (g) water Different type of sand (g) water/cement Temperature
River, Basalt, Artificial ratio ◦C

36 (12 for each type
of sand)

450 225 1350 0.5 20,100,200,300

sizes vary from 0.15 to 4.7 mm, and, like natural
sand, artificial sand can be fine.

Fig. 2. Chemical composition of the artificial sand

(c) Basalt sand

Figure 3 shows the basalt rock used in this
study, which also came from Gongyi Yuanhengjing
Water Supply Factory in China. The SiO2 content
varies between 45% and 52%, and the K2O + Na2O
content is more combined with rock, CaO, and

Fig. 3. Chemical composition of the basalt sand

Fe2O3 + FeO. As a building material, basalt has ex-
cellent strength and stability, good wear resistance,
and low water absorption [32]. It is also a very good
architectural material; it is widely used for indoor
and outdoor decoration, mainly as outdoor stone,
as its color matches various other colors in decora-
tions [33].

The characteristics of the different fine aggre-
gate gradations used in this study, with their price
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in the Chinese market and their heat conductivity
values, are shown in Table 1.

2.1.2. Calcium sulphoaluminate cement
CSA cement-42.5 with a specific surface area

of 363 m2/kg was used for all the preparations;
its mineralogy is shown in Table 2. It is a cement
with compressive strength and flexural strength at
28 days equal to 72.1 MPa and 50.2 MPa, respec-
tively, with the initial setting time between 30~50
mins and final setting time 40~90 mins.

2.1.3. Mix proportions
The different mixes’ design proportions are

shown in Table 3.

2.2. Test method

Consistent with Chinese GB/T500081–2002
standard [34] test methods, which are the equiva-
lent of BS EN 1015–methods of testing for mortar
for masonry (a multi-part standard) and BS 4551–
methods of Proper Masonry Field Testing ASTM
C270 vs. C780, samples were cast and then de-
molded after 24 hours. For each group (RSM, ASM
and BSM), we cast three 60×60×160 mm mor-
tars. Three types of sand times three samples times
four temperatures (20, 100, 200 and 300 degrees)
makes 36 testing samples. After standard curing of
28 days, specimens were oven-dried until the mass
change in half a day was 1 g. Then, the samples
were exposed to elevated temperature at the rate
of 4◦C/min until they reached the target tempera-
ture. After that, the temperature was maintained for
4 hrs, then cooled down at the rate of 2◦C/min in-
side the electronic furnace; then we performed the
flexural and compressive strength calculations for
the molded test samples.

3. Engineering properties
3.1. Compressive and flexural strength

The flexural (60×60×160 mm samples) and
compressive strength of each group (RSM, ASM
and BSM) were as measured, following the
Chinese standard GB/T50080–2016 [35] which
is equivalent to the standard-compliant flexural

strength tests on mortar prisms, in accordance with
EN 196 and ISO 679. The test was performed us-
ing a force-controlled testing machine to ensure
an application of 50N/s +/−10N/s and 2400 N/s
+/−200N up to rupture for the flexural and com-
pressive strength, respectively.

3.2. Hydration mechanism observation
3.2.1. X-ray diffraction (XRD) analysis

Following the Chinese standard [36], we ran
XRD testing. A Bruker D8A25 X-ray diffractome-
ter was used to observe the phase change of the
samples. The instrument uses 40kV and 40mA
CuKα radiation. The scanning step length is 0.12◦,
the time of each step is 1s, and the diffraction an-
gle range is 5–70◦. We tested three samples of each
group after exposure to different temperatures and
reported the average value in this work. The re-
sults of XRD testing of each group, all gathered
from the interior of each specimen, are presented
in this study. They can help us understand better
the strength decrease of the different mortars as the
temperature rises, caused by the dehydration of the
CSA cement.

3.2.2. SEM observations
The microstructure of the sample was observed

by the Quanta FEG 250 scanning electron micro-
scope after drying in a vacuum oven.

The microstructure of the mortars after expo-
sure to different temperatures and after the com-
pletion of destructive testing was analyzed using
SEM, which helps us visualize the microstructure
of the dehydrated calcium sulfoaluminate mortar
(CSAM) as the temperature increases. We tested
three samples for each group after exposure to dif-
ferent temperatures. This enables us to describe the
mechanical properties of the group of specimens
correlated with the microstructure of the different
mortars, to explore the influence of different fine
aggregate usage schemes on the anti-cracking per-
formance of CSA concrete.

3.2.3. Element ratios from EDS analyses
In the EDS line scan analysis following a Chi-

nese standard [37], the electron beam scans the
sample along a line to obtain it depicts or visual-
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Table 4. Strength of the different samples

Strength (MPa) Heating temperature/◦C
Reference

sample
Standard deviation of the
compressive strength and
flexural strength at 20◦C

100◦C Standard deviation of the
compressive strength and
flexural strength at 100◦C

Loss
rate %

RSM
NAC

Compressive
strength

21 1.55 10.8 1.17 48.6

Flexural
strength

4.7 1.00 3.7 1.36 21.3

ASM
NAC

Compressive
strength

25 3.43 22.1 1.02 11.6

Flexural
strength

5.9 0.78 5.4 0.68 8.5

BSM
NAC

Compressive
strength

27.1 3.88 14.8 0.82 45.4

Flexural
strength

5.1 0.97 4.9 0.85 3.9

Strength (MPa) Heating temperature/◦C
200◦C Standard deviation of

the compressive
strength and flexural

strength at 200◦C

Loss
rate %

300◦C Standard deviation of
the compressive

strength and flexural
strength at 300◦C

Loss
rate %

RSM
NAC

Compressive
strength

6.3 0.40 70 5.2 0.76 75.2

Flexural
strength

1.2 1.46 74.5 1.2 0.42 74.5

ASM
NAC

Compressive
strength

6.9 0.98 72.4 5 1.75 80

Flexural
strength

1.5 0.05 74.6 0.8 0.41 86.4

BSM
NAC

Compressive
strength

5.66 1.29 79.1 3.05 1.21 88.7

Flexural
strength

2 0.34 60.8 1.8 0.33 64.7

izes the change in elements. Combined with sam-
ple morphology and control analysis, it can visu-
ally obtain the distribution of elements in different
regions. We tested three samples of each group af-
ter exposure to different temperature. We arbitrarily
selected two specific points on the different mortar
sample to evaluate the atomic ratios inside the dif-
ferent samples as the temperature increased.

3.2.4. TG testing
To understand the recorded strength in terms of

chemical decomposition of the CSA cement pro-
voked by thermal treatment, TG was performed.
We tested three samples of each group after ex-

posure to different temperatures. TG analysis fol-
lowing a Chinese standard was carried out in a
Mettler Toledo apparatus operating in the tempera-
ture range of 30◦ to 800◦C, with a heating rate of
10◦C/min. Weight loss and heating rate were con-
tinuously recorded.

4. Results
4.1. Compressive and flexural strength

It can be seen from Table 4 that the compressive
strength at room temperature of BSM mortar was
slightly higher than that of ASM, while the com-
pressive strength value of RSM was the lowest.
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Table 5. Strength loss vs. temperature

20◦C 100◦C 200◦C 300◦C
Strength

MPa
Loss in

%
Strength

MPa
Loss in

%
Strength

MPa
Loss in

%
RSM Compressive strength 21 10.8 (−)48.6 6.3 (−)70 5.2 (−)75.2

RSM Flexural strength 4.7 3.7 (−)21.3 1.2 (−)74.5 1.2 (−)74.5
ASM Compressive strength 25 22.1 (−)11.6 6.9 (−)72.4 5 (−)80

ASM Flexural strength 5.9 5.4 (−)8.5 1.5 (−)74.6 0.8 (−)86.4
BSM Compressive strength 27.1 14.8 (−)45.4 5.66 (−)79.1 3.05 (−)88.7

BSM Flexural strength 5.1 4.9 (−)3.9 2 (−)60.8 1.8 (−)64.7

Fig. 4. XRD spectra

With the Standard deviation =√
∑

n
i=0 f 2ch, i − nm2 f cu

n−1

In the formula:
fch,i stands for the strength value of the ith group of
mortar specimens in the statistical period, MPa;

n stands for the number of groups of mortar speci-
mens with the same strength standard value in the
statistical period;
m f cu stands for the average strength of n groups of
mortar specimens in the statistical period, MPa.

The evolution of the three group mortars after
high temperature treatment is shown in Table 5.
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The loss value in terms of percentage was ob-
tained by this formula: loss value = (initial strength
– residual strength after high temperature heat-
ing) / initial strength. The compressive and flexural
strength results show that the strength of mortars
made from different sand types decreased by vary-
ing amounts at different exposure temperatures.
The strength decreased moderately at 100◦C, while
at 200◦C and 300◦C, the strength dropped sharply.

4.2. X-ray diffraction (XRD) analysis

The XRD spectrums of Figure 4 indicate the
chemical decomposition of the different mortars
exposed to increasing temperatures. Pairs of new
peaks appeared as the temperature increased, indi-
cating ongoing chemical decomposition as the tem-
perature rose. Narrow and sharp diffraction peak
shapes were found in all the samples, at the temper-
ature less 100◦C. At the diffraction angles of 10◦,
the ettringite (AFt) crystal dehydrated at 100◦C
sample is more than the AFt crystal dehydrated in
other samples. We have normalized our figures to
the largest peak in each spectrum; the appearance
or disappearance of peaks indicates either a change
in the major peak or a change in the minor peak.
The change reflects gain or loss associated with the
crystalline compound.

The XRD results for the mortars were domi-
nated by phase v = calcium aluminosilicate hydrate
(C-A-S-H) gel (CaAl2Si2O8.4H2O), n = quartz
(SiO2), l = calcite (CaCO3), and u = portlandite
(Ca(OH)2). The highest peak in the CASH phase
is at 2θ = 26.6543◦, quartz at 2θ = 20.8682◦,
portlandite at 2θ = 18.0569◦, and calcite at 2θ =
29.4149◦ for the basalt. The basalt’s highest peak in
the CASH phase is found at 2θ = 26.6568◦, quartz
at 2θ = 20.8737◦, portlandite at 2θ = 18.8767◦, and
calcite at 2θ = 29.4174◦.

The main mineral components of the products
of hydration were AFt and CaSO4 and to a lesser
degree, CaCO3. However, after 100◦C, the XRD
spectrum changed significantly: the spike of the
diffraction peaks of AFt at 2-Theta=9◦ (E) was the
only AFt peak that disappeared. This was indicated
in the ASM set, but not for RSM and BSM. The
number of CaSO4 diffraction peaks decreased sig-

nificantly, the intensity decreased, and the diffrac-
tion peak of CaCO3 appeared. This indicates that
after 100◦C, the mineral components of the CSA
cement have obviously changed; the AFt has com-
pletely decomposed.

4.3. SEM crack observations

From Figure 5, it can be understood that under
the action of heat, the micro-cracks constantly in-
creased as the thermal stress gradually increased.
When the temperature was less than 100◦C, the
number and size of the cracks were small; however,
as the temperature increased, the number of cracks
in the observed area of the test specimen increased,
changing from fine cracks to macro-crack size. In
addition, the number of fractures is important in the
RSM samples.

The higher the heating temperature, the more
cracking was observed, particularly inside the
RSM. As the temperature rose, rapid crack expan-
sion indicated an increase in sample brittleness,
correlated with strength reduction. For the 200◦C
and 300◦C test samples (RSM, ASM, and BSM)
most of the cracks appeared as vertical; at 300◦C,
inside the test samples (RSM, ASM, and BSM)
we could observe two-sided and larger intermedi-
ate oblique cracks.

As the temperature increased, free water
and combined water gradually escaped, and the
strength of the sample was reduced. When the tem-
perature reached 200◦C, the sample began to crack
and some new pores formed. The main reason is
that in a high-temperature state, water evaporation
and hydrated product decomposition cause the cap-
illary pore pressure to increase, thereby generat-
ing new cracks and propagating existing micro-
cracks. As the temperature increased, cracks at the
fine aggregate and CSA cement interface appeared
more frequently. When the crack was extended to
the CSA cement paste contact surface, the cracks
tended to propagate along the whole capillary. Af-
ter exposure to 300◦C, the cracks were obvious.
However, the crack density of RSM was much
larger than that of ASM and BSM.



The ability of sand to preserve the integrity of CSA cement mortar during exposure to temperatures 71

Fig. 5. Microscopic image of mortar sample after different temperature exposure

4.4. Experimental EDS ratios

Figure 6 shows the atomic constituency (typi-
cally O, Mg, AL, Si, S, K, Ca, Mg, and Fe) of the
various mortars exposed to various temperatures.
In most cases, the most prevalent element by mass
was O. Different peaks were observed as the tem-
perature rose. The strongest and weakest peaks of
O, S, Si, and Al were observed in the 100◦C speci-
mens. This is caused by the presence of AFt, which
decomposes. At room temperature for the entire
group of samples, the Ca/Si ratio was higher than
the ratio at 100◦C. With the increase in condition-
ing temperature, the ratio of Ca/Si was found to
change for RSM, ASM and BSM. Al was found in

the spectrum of the different elements as the tem-
perature rose.

Table 6 presents the element ratios for the EDS
analyses of the different mortar samples. The re-
sults indicate that the samples contained the trace
element of barium. Ye’elimite contains mainly bar-
ium and iron. The barium element can be also ob-
served in belite solid solution, whereas it is not sub-
stituted in alite. To better understand the results, Ta-
ble 6 elaborates the atomic ratios obtained by EDS.
The result is in accordance with the XRD analysis
presented earlier. The average atomic ratios (Ca/Si,
Ca/Al and Ca/s) for the ASM and BSM increased
with rising temperatures.
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Fig. 6. EDS of the different CSA mortars when heated
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Table 6. The average atomic ratios obtained by EDS in the different heated mortar samples

Experimental
EDS ratios

Different sample Ca/Si Ca/Al Ca/S

Belite
Ye’elimite

Alite

NAC_ RSM_ 100◦C 3.04 6.75 7.36

Belite
Ye’elimite

Alite

NAC_ RSM_ 200◦C 5.34 5.40 5.39

Belite
Ye’elimite

Alite

NAC_ RSM_ 300◦C 0.36 0.68 3.64

Belite
Ye’elimite

Alite

NAC_ ASM_ 100◦C 5.79 3.80 3.08

Belite
Ye’elimite

Alite

NAC_ ASM_ 200◦C 3.92 2.83 6.85

Belite
Ye’elimite

Alite

NAC_ ASM_ 300◦C 10.50 17.93 16.70

Belite
Ye’elimite

Alite

NAC_ BSM_ 100◦C 5.16 7.41 8.40

Belite
Ye’elimite

Alite

NAC_ BSM_ 200◦C 3.17 4.64 4.40

Belite
Ye’elimite

Alite

NAC_ BSM_ 300◦C 130.35 33.76 12.91

Belite – C2S, Ye’elimite – Ca4Al6O12(SO4), Alite – C3S, NAC – natural air cooling

4.5. Thermal analysis (TG testing)

Figure 5 shows that when the hydrated product
was heated to 300◦C, the decomposition formed
more CH. Large endothermic valleys remained
around 200◦C due to the dehydration of the alu-
minum hydroxide (AH3), and after that the rate
of weight loss decreased. AFt and Al(OH)3 dis-
appeared at a slightly lower rate at 200◦C and
around 300◦C, respectively. That amount decreased
to 39% at 100◦C and then completely disappeared
beyond that point. Similarly, Al(OH)3 represented
26% of the mass at 20◦, 100◦, and 200◦C but dis-
appeared at 300◦C; this result is correlated with
the lower strength measurements and lower mass
weight loss between 100◦ and 300◦C.

5. Discussion and significance

The reduction of compressive strength can be
attributed to the separation of free water caused
by high temperature and the decomposition of hy-
drophilic products. This result correlates with the
research study published by Kouadjo where he ob-
served a chemical decomposition of the CSA as
temperature rises [38]. The difference in mechani-
cal properties of mortars made from different sands
can be attributed to the differences between the
shape, particle size, and surface area of the sand.
It was shown by Linzhu that the size and shape
of the sand have a great influence on the mechani-
cal properties of the material [39] as well as in the
adhesion strength [40]. In fact, artificial sand and
basalt rock sand both bind to the CSA cement better
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Fig. 7. TG of the different mortars

than river sand, as supported by the average results
recorded in this work. Therefore, the use of arti-
ficial and basalt sand can improve the strength of
CSA cement at reasonable cost, since the price of
artificial sand is US $1.01 per kg, or only $0.74 per
kg more than the cost of river sand. Under exposure
to higher temperatures, the mechanical properties
of ASM and BSM do not deteriorate as quickly as
those of RSM. It can be seen from Table 4 and 5
that according to the comparison results of RSM,
ASM, and BSM, as the temperature increases from
100◦ to 300◦C, the crack resistance of the mor-
tars drops greatly, as more cracks were found on
the surface of the sample; the reason for this result
is not only the grain shape of the machine-made
sand itself but also its size [41]. The water evapo-
ration of the surface mortar cannot be replenished
in time, and it is easy to cause cracking [42]; as
the cracks on the mortar surface are narrow [43].
Based on microscopic observations, the crack re-
sistance of the ASM and BSM is higher than that of
RSM. The reason for this result is the grain shape
of the artificial sand. The RSM on the sample sur-
face had issues with evaporating moisture in time,
which easily causes the appearance of more cracks
in comparison to the ASM and BSM. We observed
that the ASM and BSM specimens’ crack resis-
tance was higher than the RSM, and the total crack
length per unit area of the two specimens was sim-

ilar. For the RSM, the specimen surface cracks are
wider (the maximum crack width is 0.4mm) and
the characteristic length is shorter, whereas for the
ASM specimens, the surface cracks are narrow (the
maximum crack width is 0.2mm) and the length is
longer.

6. Conclusion
In this experiment, river, artificial, and basalt

sand were used as the fine aggregate in mortar. The
three different types of fine aggregates were sub-
jected to descriptive tests of the strength, crack re-
sistance diffraction (XRD) analysis, and TG. We
sought to characterize the impact of different fine
aggregate use schemes on the mechanical proper-
ties and durability of RSM, ASM, and BSM when
heated.

1. The compressive strength of BSM mortar
was slightly higher than that of ASM, while
the compressive strength value of RSM was
the lowest. The evolution of the three group
mortars after exposure to high temperature
shows that the compressive strength of dif-
ferent sand types decreased in varying de-
grees at different exposure temperatures.
The compressive strength decreased slowly
at 100◦C, while at 200◦C and 300◦C, it
dropped sharply.
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2. Under the action of heat, micro-cracks
occurred constantly, increasing in number
as the thermal stress gradually increased.
When the temperature was below 100◦C, the
number and size of cracks in the test sam-
ple were small; however, as the temperature
increased, the number of cracks in the ob-
served area of the test specimen increased
and the cracks also changed from micro to
macro in size.

3. At room temperature for the entire sample
group, the Ca/Si ratio was higher than the
other ratios at 100◦C. The average atomic
ratios (Ca/Si, Ca/Al and Ca/s) for the ASM
and BSM increased with rising tempera-
ture. The decomposition of hydrated product
at 300◦C formed more calcium hydroxide
(CH). Large endothermic valleys remained
around 200◦C due to the dehydration of the
aluminum hydroxide (AH3), and after that
the rate of weight loss decreased. AFt and
Al(OH)3 disappeared at a little less than at
200◦C and around 300◦C, respectively, for
the different specimens.
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