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Abstract
This study investigated the compressive strength, drying shrinkage and alkali-silica reaction (ASR) expansion of alkali-
activated mortars using sand or glass cullet (GC) as aggregates and using glass powder (GP) to partially replace ground 
granulated furnace slag (GGBS) as the precursor. For mortars using GC as the aggregate, the replacement of GGBS by GP 
decreased the compressive strength. The mortars using sand as aggregate showed severe drying shrinkage and the replace-
ment of sand by GC could significantly decrease the drying shrinkage. The addition of calcium aluminium cement (CAC) 
could further suppress the drying shrinkage. The alkali-activated GGBS mortars using GC as the aggregate showed large 
expansion after alkaline immersion. When using GP to partially replace GGBS, the expansion was significantly decreased. 
The replacement of 15% GGBS by CAC could further decrease the expansion. The optimal alkali-activated cement (AAC) 
mixture proportion developed in this study was the mortars incorporating 15% of CAC, 10% of GGBS and 75% of GP as the 
compressive strength, expansion and drying shrinkage of this mixture could meet the stipulated mechanical and durability 
requirements for partition wall applications.
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Statement of Novelty

The manuscript provided a novel way to incorporate waste 
glass into AAC-based mortars. An innovative method was 
proposed to effectively suppress the ASR induced expan-
sion, which is a concern associated with glass aggregates 
incorporation. Microstructural analysis was also con-
ducted to reveal the mechanism behind the ASR expan-
sion suppression.

Introduction

Waste glass is a significant solid waste type in Hong Kong 
due to the lack of a local glass manufacturing industry [1]. 
A large proportion of the waste glass is being disposed of at 
landfills. Due to limitations of landfill space and the environ-
ment consequences of landfilling, it is necessary to intro-
duce practical ways to recycle waste glass. So far, ordinary 
Portland cement (OPC) based cement material has been 
considered as an effective tool for the recycling of waste 
glass [2–4].

Glass is a promising material for the fabrication of AAC 
due to its high content of Si. However, limited studies have 
been reported on the alkali activation of GP due to the low 
alkali reactivity of GP compared to other supplementary 
cementitious materials such as GGBS and fly ash [5].

The effect of GP content on the compressive strength 
of alkali-activated cement varies for different types of 
glasses. Some researchers found the compressive strength 
of AAC increased when using some types glass such as 
window glass, solar panel waste glass and liquid crystal 
glass to replace metakaolin, which might be due to the 
filler effect of the inert glass powder [6]. But when using 
other glasses, such as spent fluorescent lamps glass [7] 
and soda lime silicate glass [8–10], the strength of AAC 
decreased due to the low alkali reactivity of the glasses. 
Even using the same type of glass, the effect of glass con-
tent on the strength of AAC varied under different condi-
tions, such as curing temperature, ratio of alkalis used, 
etc [11]. Besides, the compressive strength of the alkali-
activated glass cement decreased under moist curing con-
ditions due to the poor hydrolytic stability of sodium sili-
cate gel [12]. The addition of GGBS or metakaolin could 
control the strength loss [5].



7161Waste and Biomass Valorization (2020) 11:7159–7169 

1 3

Even though GP showed low AAC reactivity, it has the 
ability to inhibit ASR expansion in OPC based materials 
[13]. This might be because the addition of GP led to the 
decrease in the permeability of the concrete and thus leading 
to a reduction of the migration of alkalis towards the reac-
tive aggregate [14]. Further research is required to verify 
the exact mechanism. But few studies have used GC as the 
fine aggregate to prepare AAC mortars or concrete as the 
GC might react with alkali in the pore solution and induce 
severe expansion and cracks [8]. Additional aluminum 
sources might be used to mitigate ASR expansion as it was 
reported that aluminum could be absorbed on the surface 
of alkali reactive aggregate and inhibit the dissolution of 
aggregates [15].

The aim of this study is to maximize the use of recycled 
glass in AAC mortars prepared with GC as the fine aggre-
gate and GP as a part of the precursor. CAC was used as the 
replacement of GGBS to mitigate the drying shrinkage and 
ASR expansion.

Experimental Program

Materials

The precursors used in this study included GGBS, CAC and 
GP. GGBS and CAC were provided by a commercial source. 
A standard sand that complied with the grading requirement 
of ISO 679:1999 and EN196-1 was used in this study. GC 
was obtained from a local glass recycler who collected and 
recycled waste beverage bottles (soda-lime glass) to GC. 
Mixed coloured GC was produced by the recycler. The GP 
was obtained by milling recycled GC for 4 h using a labora-
tory ball mill. The chemical compositions of GGBS, GP and 
CAC are shown in Table 1. The particle size distributions 
of these three powders are shown in Fig. 1. The specific 
surface areas of GGBS, GP, and CAC were 1.5658  m2/g, 
0.8947  m2/g and 1.3445  m2/g respectively. The activators 
were an AR grade NaOH and the water glass was composed 
of 28.3%  SiO2, 8.6%  Na2O and 58.4%  H2O. The gradation 
of GC is shown in Table 2.

Mix Design and Specimens Preparation

Table 3 shows the mix design of alkali-activated mortars. 
Two casting methods were used in this study: (i) wet-mix 

method and (ii) dry-mix method. The compaction of tra-
ditional wet-mix samples was obtained by using a vibra-
tion table while the compaction of dry-mix samples was 
obtained by using a compressive load[16]. The dry-mix 
method is for the real induction production. The mixture 
proportions of the wet-mix samples and the dry-mix sam-
ples were similar, except the water/binder ratio. The water/
binder ratio of 0.4 was used to obtain good workability for 
the wet-mix samples. The dry-mix samples used a lower 
water/binder ratio (0.17) to obtain a fresh mortar mixture 
with a zero-slump value.

The dry-mix samples were cast in two equal layers and 
a compaction equipment with a compressive load of 30N/
mm2 was used to compact the samples as described in pre-
vious literature[17]. The dry-mix samples were demolded 
immediately and were cured under laboratory conditions 
(25 °C and 75% RH) for 1 day while the wet-mix samples 

Table 1  Chemical compositions 
of GGBS, GP and CAC (% by 
mass)

SiO2 CaO AlO3 Na2O Fe2O3 K2O SO4 MgO

GGBS 35.14 37.79 13.24 – 0.33 0.85 3.25 7.85
GP 73.29 12.14 1.10 10.54 0.30 0.84 0.24 1.25
CAC 2.65 38.76 57.03 – 0.65 0.21 0.32 0.24

Table 2  Particle grading of GC

Sieve size Percentage (%)

2.36 mm–5 mm 42.4
1.18 mm–2.36 mm 22.2
0.6 mm–1.18 mm 21.4
< 0.6 mm 14.1
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Fig. 1  Particle size distributions of GGBS, GP and CAC 
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were demolded after one day of curing under the same 
laboratory conditions.

A group of fresh mixtures was cast into the 
40mm*40mm*40 mm plastic molds for compressive 
strength test. Another group of fresh mixtures was cast into 
the 25mm*25mm*285 mm steel molds for ASR expansion 
test and drying shrinkage test. The samples for compres-
sive strength test were cured at laboratory conditions (25 
°C and 75% RH) for 28 days. The drying shrinkage of the 
samples were recorded in accordance with BS ISO-Part 8 
[18]. The samples were immediately immersed in water (at 
25 °C) after demolding for 48 h as the initial length and 
then placed in a chamber with a temperature of 25 ± 2 °C 
and a relative humidity of 50%. The measurement of ASR 
expansion followed the ASTM C1260 method [19]. The 
samples were cured in a water bath at 80 °C for another 
day after demolding, followed by the alkaline immersion 
in a 1M NaOH solution in a plastic container which was 
placed in the 80 °C water bath.

Test Methods

The compressive strength test was conducted using a 300 
kN capacity compression testing machine with a load-
ing rate of 0.6 MPa/s. The length changes (shrinkage and 
expansion) of AAC mortar bars were recorded using a cali-
brated dial gauge. For the microstructural test, thin slices 
were cut from the prism mortars, soaked in ethanol for 24 
h to remove water, dried at 60 °C in a vacuumed chamber 
for 2 days. Then specimens were then epoxy impregnated 
and polished down to 0.05 µm. After dried and carbon 
coated, the specimens were examined in scanning electron 
microscopy (SEM)-backscattered electron (BSE) mode 
using a JEOL JSM-6490 with an energy dispersive spec-
tra (EDX) detector.

Results and Discussion

Compressive Strength

The compressive strength of AAC mortars using sand as 
aggregate and different amounts of GP as the precursor after 
28 days of air curing is shown in Fig. 2. When the GP con-
tent was lower than 50%, the AAC mortars using GP as the 
replacement of GGBS had comparable compressive strength 
to the GGBS mortar (SS100). The compressive strength of 
SS100, SS75G25, SS50G50 at 28 days was about 60 MPa. 
However, the compressive strength decreased significantly 
when the GP content was higher than 50% (SS25G75).

Figure 3 shows the compressive strength of AAC mor-
tars using GC as aggregate and different contents of GP as 
precursor after 28 days of air curing. The strength of GC 

Table 3  Mix design of alkali-
activated mortars (by mass)

Mixtures notation Binder (%) Activator/Binder GC/
Binder

Sand
/Binder

Water/Binder Modulus
SiO2/Na2OGP CAC GGBS

SS100 0 0 100 0.164 0 2.7 0.4 1.5
SS75G25 25 0 75 0.164 0 2.7 0.4 1.5
SS50G50 50 0 50 0.164 0 2.7 0.4 1.5
SS25G75 75 0 25 0.164 0 2.7 0.4 1.5
S100 0 0 100 0.164 2.7 0 0.4 1.5
S50G50 50 0 50 0.164 2.7 0 0.4 1.5
S25G75 75 0 25 0.164 2.7 0 0.4 1.5
S10G75 75 15 10 0.164 2.7 0 0.4 1.5
DS100 0 0 100 0.164 2.7 0 0.17 1.5
DS50G50 50 0 50 0.164 2.7 0 0.17 1.5
DS25G75 75 0 25 0.164 2.7 0 0.17 1.5
DS10G75 75 15 10 0.164 2.7 0 0.17 1.5

Fig. 2  Compressive strength of AAC sand mortars and different 
amounts of GP after 28 days of air curing



7163Waste and Biomass Valorization (2020) 11:7159–7169 

1 3

mortars was lower than that of sand mortars. Contrary to the 
case of using sand as the aggregate, the compressive strength 
of the GC mortars decreased with the increase of GP con-
tent. The AAC mortar prepared with 100% of GGBS (S100) 
showed the highest strength (57.5 MPa). By using 75% of 
GP to replace GGBS, the strength was decreased to 25.36 
MPa. The compressive strength of the mortars containing 
15% of CAC as the replacement of GGBS (S10G75) was 
lower than that of S25G75

Even though the compressive strength decreased when 
using GP and CAC to replace GGBS, the compressive 
strength of S10G75 was higher than 10 MPa after 28 days 
of air curing and the product could be used as partition wall 
blocks.

Drying Shrinkage

Figure 4 shows the effect of GP content on the drying shrink-
age of AAC sand mortars at 28 days. Even though there is 
no standard with respect to the drying shrinkage of AAC 
mortars, it was suggested that the drying shrinkage value 
should be lower than 1000 micro strain to avoid cracking 
and damage to the structure[20]. From this result, it can be 
seen that the drying shrinkage of all the samples were much 
higher than 1000 micro strain. The increase of GP content 
led to an increase of drying shrinkage when the GP content 
was lower than 50%. When further increasing the GP con-
tent, the drying shrinkage decreased. However, the shrinkage 
value of the mortars incorporating 75% of GP (SS25G75) 
was still much higher than 1000 micro strain

The drying shrinkage values of AAC mortars incorporat-
ing GC as aggregate at 28 days are shown in Fig. 5. It can 
be seen that the drying shrinkage value was dramatically 
decreased. The shrinkage of the mortar using only GGBS as 

the precursor (S100) was 873 micro strain. When using GP 
as the replacement of GGBS, the drying shrinkage increased. 
The shrinkage value of S25G75 was higher than 1000 micro 
strain at 28 days. The addition of CAC as a replacement 
of GGBS significantly decreased the drying shrinkage. The 
drying shrinkage of S10G75 was only 662 micro strain at 28 
days. This indicates that the drying shrinkage of AAC mor-
tars incorporating GC as the aggregate and a large amount 
of GP as precursor could be controlled to lower than 1000 
micro strain when using CAC as the replacement of GGBS.

ASR Stability

Figure 6 shows the effect of GP content on the ASR expan-
sion of AAC mortars using sand as the aggregate after alka-
line immersion. The alkali-activated GGBS mortar (SS100) 

Fig. 3  Compressive strength of AAC GC mortars and different 
amounts of GP after 28 days of air curing

Fig. 4  Drying shrinkage of AAC sand mortars

Fig. 5  Drying shrinkage of AAC GC mortars
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showed continuous expansion which reached around 2250 
micro strain at 28 days. When using GP as the replace-
ment of GGBS and the GP content was lower than 50%, 
the expansion was significantly reduced and the expansion 
value of SS50G50 was negligible even after 28 days of 
alkaline immersion. However, further increase of the GP 
content (S25G75) resulted in large increase in expansion. 
The expansion of SS25G75 was comparable to SS100 at 28 
days. This indicated that the GP content in the AAC mortar 
should be kept at lower than 50% to control the expansion 
of the AAC sand mortars

Figure 7 shows the length change of AAC GC mortar 
bars prepared with different contents of GP as precursor 
after alkaline immersion. It can be seen that S100, S50G50, 
and S25G75 showed higher expansion values compared 
to the AAC sand mortars prepared with the same GP con-
tents (Fig. 6). The alkali-activated GGBS mortar (S100) 

expanded rapidly in the first 3 days and reached around 8300 
micro strain after 28 days of alkaline immersion. Similar to 
the trend found in Fig. 6, the expansion was significantly 
reduced when GP was used to replace GGBS. The expansion 
of S50G50 was only 870 micro strain after 28 days of alka-
line immersion. But the expansion increased when further 
increasing the GP content and reached around 2727 micro 
strain when the GP content was 75% (S25G75)

By using 15% CAC to replace the GGBS (S10G75), the 
expansion was significantly decreased to 378 micro strain. 
It indicates that CAC could significantly suppress the ASR 
expansion, and the expansion of AAC mortar prepared with 
75% GP could be controlled to a lower value if using 15% 
CAC as the replacement of GGBS.

The length changes of the dry-mix AAC GC mortars 
are shown in Fig. 8. The initial shrinkage might be due to 
autogenous shrinkage [21]. The autogenous shrinkage of 
the dry-mix sample was much higher than that of the wet-
mix sample. It was reported that the autogenous shrinkage 
increased with the decrease of water to binder ratio [22]. The 
reaction degree of the dry-mix sample might be lower than 
that of the wet-mix sample during steam curing due to the 
lower water to binder ratio. And the reaction developed fast 
during alkaline immersion for dry-mix sample. Therefore, 
the lower water to binder ratio of the dry-mix sample might 
result in the higher autogenous shrinkage. The most notice-
able finding is the expansion of all the dry-mix mortars was 
lower than that of the wet-mix samples, which means the 
dry-mix method could suppress the ASR expansion of the 
AAC GC mortars. The expansion of DS100 at 28 days was 
around 1000 micro strain. The effect of GP content on the 
length change in the dry-mix samples was similar to that 
found in the wet-mix AAC mortars. The expansion after 28 
days of alkaline immersion decreased with the increase of 
GP content when the GP content was lower than 50% and 
increased when further increasing the GP content.

Fig. 6  Length changes of wet-mix AAC sand mortar bars

Fig. 7  Length changes of wet mix AAC GC mortar bars Fig. 8  Length changes of dry-mix AAC GC mortar bars
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SEM‑BSE Analysis

Comparison Between Wet-Mix and Dry-Mix Samples

Figure 9 resents the SEM (BSE) images of the dry-mix and 
the wet-mix AAC mortars using sand or GC as aggregate. 
From Fig. 9a–c, it can be seen that the dry-mix AAC mortars 
(DS25G75) had a more porous structure in contrary to the 
wet-mix mortars (SS25G75 and S25G75). From the images 
with higher magnifications (Fig. 9d–f), ASR gel was found 
around the GC surface but absent around the sand particles. 
Therefore, the absence of ASR gel might be the reason for 
the lower expansion of the AAC sand mortars

Effect of GP on ASR

Figure 10 shows the SEM-BSE images of the wet-mix AAC 
GC mortars using different contents of GP to replace GGBS 
as the precursor before and after alkaline immersion. After 
1 day of water bath curing, a gap between GC and the paste 
was observed in all the mixtures which showed the poor 
bonding between GC and the AAC paste. For sample S100, 
the ASR gel firstly filled the cracks inside the glass parti-
cles. The surface of GC seems to be intact. Then the ASR 

gel inside GC seems to be expanded with the prolonging of 
immersion time. Some ASR gel was found on the surface of 
GC after 14 days of immersion

When using 50% of GP to replace GGBS (S50G50), the 
gel-filled cracks were also observed, but the rim of ASR 
gel surrounding the GC was much smaller and a rim could 
also be clearly observed around GP which was the reaction 
product of GP with the alkali. When using 15% of CAC to 
replace GGBS (S10G75), the ASR gel rim around GC was 
not obvious and no ASR gel was observed in the cracks. This 
agrees with the length change results (Fig. 7) that the use of 
CAC could further decrease the expansion during alkaline 
immersion.

Table 4 shows the elemental compositions analysis results 
of ASR gel for AAC mortars after alkaline immersion for 14 
days. The Ca/Na ratio of ASR gel in the cracks was slightly 
higher than that around GC. It was mentioned above that the 
GP continuously reacted during alkaline immersion and rims 
of gel around GP could be observed. The Ca/Na ratio of the 
rim around GP was higher than that of ASR gel in S50G50 
or S100. The ASR gel in S10G75 had a much higher Na/Si 
ratio compared to the other samples. The Ca/Si ratio and Na/
Si ratio might be related to the swelling characteristics of 
ASR gel, which will be discussed in the next section.

Fig. 9  SEM-BSE micrographs of wet-mix and dry-mix AAC mortars prepared with sand or GC aggregates after alkaline immersion (a–c × 100; 
d–f × 500)
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Discussion

The compressive strength of the GC mortars was lower 
than that of the sand mortars, which might be related to 
the smooth surface of the GC. The effect of GP as the 

replacement of GGBS on the compressive strength of the 
sand mortars was different from that of the GC mortars. 
When the GP content was lower than 50%, it would not 
affect the strength of the AAC sand mortar [23]. How-
ever, the strength of AAC GC mortars decreased with the 
increase of GP content due to the lower reactivity of GP 

Fig. 10  SEM-BSE micrographs of AAC mortars prepared with different glass powder (GP) contents before and after alkaline immersion

Table 4  EDX analysis results of the ASR gel for the wet-mix mortar samples prepared with different GP contents after 14 days of alkaline 
immersion

No. ASR gel in cracks ASR gel around GC Rim around GP Expansion

Ca/Si Na/Si Al/Si Ca/Na Ca/Si Na/Si Al/Si Ca/Na Ca/Si Na/Si Al/Si Ca/Na

S100 0.27 0.18 0.08 1.5 0.24 0.19 0.06 1.26 – – – – High
S50G50 0.24 0.22 0.06 1.09 0.19 0.18 0.03 1.06 0.31 0.22 0.10 1.58 Low
S10G75 – – – – 0.22 0.23 0.06 0.96 0.27 0.18 0.05 1.55 Negligible
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compared to that of GGBS [24]. When the GP content was 
fixed at 75%, the incorporation of CAC as the replacement 
of GGBS could further decrease the strength of GC mor-
tars, which might be due to the reaction product formed 
in this system included zeolite, and zeolite had a lower 
strength compared to the AAC gel [25, 26].

The SEM image showed that there was a distinct interface 
between GC and AAC paste due to the smooth surface of 
the GC. The interface might accommodate the shrinkage-
induced pressure. This might be one reason why the drying 
shrinkage of GC mortars was much lower than that of the 
sand mortars. For the GC mortars and the sand mortars, the 
increase of GP content only resulted in a slight increase of 
drying shrinkage. The incorporation of CAC as the replace-
ment of GGBS could further decrease the drying shrinkage. 
The effect of GP and CAC on the drying shrinkage might 
be related to the change of the AAC gel characteristics and 
the pore size distribution [27], which need further research 
to reveal the exact mechanism.

The GC mortars experienced much higher ASR expan-
sion than the sand mortars when only GGBS was as the 
precursor, which was due to the formation and swelling of 
ASR gel. The incorporation of GP as the replacement of 
GGBS could decrease the expansion when the GP content 
was lower than 50%. The rim of ASR gel surrounding the 
GC was much smaller in the mortars containing GP than that 
without GP. This was because the alkali continuous reacted 
with GP instead with GC during alkaline immersion due 
to the higher reactivity of GP compared to that of GC. The 
smaller ASR gel rim around GC might be one reason why 
the GP was able to suppress the ASR expansion of the AAC 
glass mortars. Even though a rim around GP was observed, 
it might have a lower swelling capacity compared to that 
around GC due to the higher Ca/Na ratio [28, 29]. Besides, 
some researchers found that the particle size of glass affected 
the expansion due to ASR gel. When the particle size of 
glass was less than 0.5 mm or higher than 50 mm, the 14-day 
expansions were similar to those of the reference bars that 
contained no glass aggregate[30]. So, the GP particles hav-
ing smaller particle sizes might not induce ASR expansion. 
However, further increase of GP content induced a higher 
ASR expansion, which might be because the alkalis released 
from the soda lime glass would ultimately cause ASR gel 
formation. Besides, the lower strength of AAC mortars con-
taining a high content of GP might be another reason for the 
increase in expansion as the lower strength could not restrain 
the expansive stresses induced by the swelling ASR gel.

The use of CAC could further decrease the expansion 
during alkaline immersion. The ASR gel rim around GC was 
not obvious and no ASR gel was observed in the cracks. This 
might be related to two reasons. Firstly, the CAC could react 
with alkali in the pore solution forming zeolite [31], thus 
the alkalinity of pore solution decreased and resulted in a 

lower ASR expansion. Secondly, the ASR gel in the mortars 
containing CAC had a lower viscosity due to the higher Na/
Si ratio, thus the pressure induced by the ASR expansion 
could be easily relieved to the surrounding pores [32, 13].

The dry-mix samples showed much lower ASR expan-
sion compared to the wet-mix samples. The crushing of the 
glass bottle into aggregates produced a lot of initial cracks. 
In the wet-mix samples, as the expansion of ASR gel was 
first formed in the newly formed cracks, the propagation of 
cracks led to higher ASR expansion. But for the dry-mix 
samples, because of the presence of larger pores in the AAC 
matrix caused by the poorer distribution of the solid parti-
cles, ASR gel was mainly observed on the surface of the 
glass aggregates in the large pores, although a lesser amount 
was also detected in the initial internal cracks. Therefore, the 
large pores in the dry-mix samples could partially relieve 
the ASR gel expansion and the samples experienced lesser 
expansion compared to the wet-mix samples [33, 17].

The ASR gel was found on the surface of GC in the wet-
mix AAC mortars. This phenomenon was different from that 
in the OPC GC mortars. It was reported that the glass-paste 
interface was clean and ASR gel was not observed on the GC 
surface after 30 days of alkaline immersion in the OPC GC 
mortar. This was attributed to the presence of Ca(OH)2 at the 
glass-cement paste interface which could favor the formation 
of CSH and prevent the formation of ASR gel [34]. Ca(OH)2 
was absent in the wet-mix AAC mortars. Therefore, the ASR 
gel was observed on the surface of GC. This study developed 
a new way to recycle waste GC in AAC mortars. The com-
parison of properties between AAC GC mortar and OPC GC 
mortar need further research.

Conclusions

Based on the above results and discussion, the conclusions 
of this study are summarized as follows:

(1) The sand mortars showed higher compressive strength 
than the GC mortars. The replacement of GGBS by 
GP would not decrease the compressive strength of the 
sand mortars. However, the use of GP decreased the 
strength of GC mortars. The compressive strength of 
the alkali-activated slag mortar was 57.5 MPa after 28 
days of air curing, while the strength of the mortars 
incorporating 75% of GP was 25.36 MPa at 28 days. 
The use of CAC further decreased the compressive 
strength. But the strength was higher than 10 MPa at 
28 days when using 15% of CAC and 75% of GP as the 
replacement of GGBS, which means this product could 
be used as partition wall blocks.

(2) The mortars prepared by using sand as the aggregate 
showed severe drying shrinkage. The replacement of 
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sand by GC could decrease the drying shrinkage. The 
drying shrinkage of the alkali-activated slag mortars 
using GC as aggregate was 873 micro strain at 28 days. 
The replacement of GGBS by GP increased the drying 
shrinkage. And the shrinkage of AAC mortars incor-
porating 75% of GP and 25% of GGBS was higher than 
1000 micro strain. The use of CAC decreased the dry-
ing shrinkage of the mortars. When using 15% of CAC 
and 75% GP, the drying shrinkage of the mortars was 
only 662 micro strain at 28 days.

(3) When using GC as aggregates, the alkali-activated slag 
mortars showed much higher expansion compared to 
the sand mortars due to the formation of ASR gel. The 
expansion of GC mortars reached around 7750 micro 
strain after 28 days of alkaline immersion.

(4) The use of GP as a replacement of GGBS could sig-
nificantly decrease the ASR expansion when the GP 
content was lower than 50%. The expansion of AAC 
GC mortars prepared with 50% of GP and 50% of 
GGBS was only 870 micro strain after 28 days of alka-
line immersion. The ASR expansion suppression of GP 
might be attributed to that the GP showed a lower reac-
tivity compared to GGBS. The alkali would react with 
GP instead of GC during alkaline immersion. There-
fore, the reaction between alkali and GC was reduced. 
When the GP content was higher than 50%, the expan-
sion of GC mortars increased, which might be due to 
the sodium released from the GP.

(5) Even though the mortars prepared with 75% of GP and 
25% of GGBS had a high ASR expansion, the addition 
of CAC as the replacement of GGBS could signifi-
cantly decrease the ASR expansion. When using 15% 
CAC as the replacement of GGBS, the expansion was 
only 378 micro strain at 28 days of alkaline immersion. 
This might be related to the ASR gel formed in the 
CAC-blended AAC mortars had a lower viscosity due 
to the higher Na/Si.

(6) The mortars prepared with the dry-mix method showed 
lower expansion compared to the wet-mix samples 
because the higher porosity in the dry-mix samples 
could accommodate the expansion pressure.
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