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Abstract: With the widespread use of adobe materials in buildings, their durability can deteriorate
under harsh weather conditions such as long-term low temperatures and rainfall, which can easily
lead to safety accidents. This article takes adobe material mixed with construction waste recycled
powder as the research object and adds the prepared construction waste recycled concrete powder
and recycled brick powder to the adobe material in different proportions to study the mechanical
and durability properties of the adobe material. The results indicate that under normal temperature
curing conditions, the compressive strength of the adobe sample significantly increases with the
increase in the recycled powder content, and then decreases. Under high-temperature conditions,
with the increase in the recycled powder content, the compressive strength of the adobe sample first
significantly increases and then decreases. When the powder content is within the range of 6% to
10%, good moisture absorption and desorption performance can be achieved. When the content
of recycled powder is between 2% and 10%, the effect on the dry–wet cycling performance of the
adobe is weakest. When the content of grade I/II recycled brick powder is between 2% and 6%,
and the content of grade I recycled concrete powder is between 2% and 6%, the negative impact on
the freeze–thaw cycle performance is relatively weak. The research results provide theoretical data
support for the mixed-use of recycled powder and adobe materials.

Keywords: construction waste; recycled powder; adobe material; compressive strength; durability

1. Introduction

With the rapid development of infrastructure construction in China, the consumption
of building materials is increasing day by day. Facing the serious shortage of resources and
the impact of conventional building reinforced concrete building materials on the environ-
ment, adobe materials have attracted great attention because of their green environmental
protection [1]. During the production and use of reinforced concrete, the average carbon
content per cubic meter is 635 kg. Although the production of adobe is very simple, it only
needs to mix clay and water, but the average hidden carbon content per cubic meter is
345 kg. Considering its carbon footprint, adobe is a good choice for buildings [2]. Adobe
materials are mainly natural raw materials, which only need simple low temperatures and
routine maintenance. They have the characteristics of good thermal insulation, thermal
performance, adjustable humidity, and simple construction technology [3]. The wall built
with adobe materials has the characteristics of thermal insulation, ventilation, and fire
prevention; low energy consumption; pollution-free; and renewable, and is an ideal green
building material for sustainable utilization. At present, about one-third of the world’s
population still lives in adobe buildings, and adobe materials in China are also widely
used as building materials, such as caves in the Loess Plateau, Hakka earth buildings, and
adobe houses with curved roofs in Xinjiang [4]. However, adobe building materials have
the disadvantages of poor water resistance and low strength. When affected by external
factors such as rain, freezing, and thawing, the mechanics and durability of adobe building
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materials are greatly reduced, and the service life is also greatly shortened [5]. Therefore,
it improving the properties of raw materials and enhancing their water resistance and
mechanical properties has become a hot topic.

Construction waste refers to the waste produced in construction, maintenance, and
demolition projects, mainly including waste concrete, clay bricks, and muck [6]. Figure 1
shows the proportion of various construction wastes, in which waste concrete and waste
bricks account for more than 70% of the total construction wastes, and they are the construc-
tion wastes with the largest output [7]. With the large-scale development of infrastructure
projects, the annual treatment volume of construction waste in China is increasing rapidly.
By 2021, it will reach 2.1 billion tons, of which 95% will be treated by on-site stacking or
backfilling and buried in other places, resulting in soil and groundwater pollution and
making it easy to form a construction waste siege [8]. Therefore, it is urgent to improve the
recycling rate of construction waste and study the preparation of recycled products such as
recycled powder.
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Some research achievements have been made on improvements in the properties
of adobe materials. Some researchers have studied the mechanical properties of adobe
materials under different ratios by mixing cement and cement special mixture materials [9].
The results show that when the water/solid ratio is 1:5, the cement content reaches 20%,
the cement special mixture material content is 2%, the adobe material content is 80%, the
compressive strength reaches 12 MPa, and the flexural strength reaches 3.2 MPa after
56 days of curing [10].

Some researchers have studied adding cement, lime, and mineral admixtures to
improve the strength of raw materials [11]. When cement is added to raw materials
alone, the hydration products of Ca(OH)2 and C-S-H have a cementation effect, which
promotes the strength of samples to increase. When lime is added to the raw material
alone, the hydration products of Ca(OH)2 greatly fill the gaps between the particles of the
raw material, which makes the material denser and improves the compressive strength
of the sample. When cement or lime and mineral admixture are mixed into the adobe
materials, the secondary hydration reaction of the mineral admixture greatly improves the
compressive strength of time [12].

Some researchers use the plasticity index to add cement and waterproofing agents to
raw materials and analyze their water resistance and frost resistance [13]. The results show
that when the plasticity index of raw materials is 6–9, the samples prepared by adding
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cement alone or mixing cement and a waterproofing agent have higher water and frost
resistance. When the plasticity index of adobe materials is 9–19, the samples prepared by
adding cement alone have better water and frost resistance [14]. Some researchers have
studied the effects of cement, slag, lime, fly ash, and gypsum on the durability of raw
materials. The results show that when cement, slag, lime, fly ash, and gypsum are added to
raw materials, their water and frost resistance can be improved [15].

Some researchers use recycled brick powder in different proportions instead of cement
to prepare various mortars [16]. When the quality of the recycled brick powder is less
than 20%, the content of powder has little effect on the elastic modulus and compressive
strength of adobe materials, but it improves its durability. Based on the grey relational
index, some researchers quantitatively analyzed the performance changes in concrete mixed
with recycled powder and concluded that with the increase in the amount of powder, the
permeability of concrete gradually decreased, but the wear resistance gradually increased
and the carbonation resistance gradually weakened [17].

To avoid being used as filling material for roadbeds and quarries after the end of the
life cycle of concrete structures, some researchers have proposed using the Eco Concrete
tool to conduct a Partial Life Cycle Assessment (LCA) of concrete made from fine recycled
concrete aggregates [18]. To understand the impact of admixtures on the properties of
transparent concrete, some researchers have conducted experimental studies on the physical
and mechanical properties and structure of the materials. Research has shown that the
developed material has a compressive strength of 30 MPa, strong interlayer adhesion
(which is tested to damage the material through concrete matrix testing), and sufficient
light transmittance [19].

Researchers have utilized their experience in using crushed concrete in civil engineer-
ing (mainly geotechnical engineering) to introduce and summarize selected social, technical,
and economic case studies, including the energy consumption required for the proposed
technology and the dynamic effects of ground-transmitted vibrations and noise [20]. A
study introduced the overall conditions for abandoned underground mining operations
in selected areas of Russia, as well as some experiences collected at many construction
sites in Poland, in an attempt to encourage the concept of sustainable development. This
is necessary to shift from purely protective measures to planned management of natural
resources and establish mathematical models of the impact of geotechnical engineering on
the environment [21].

Through the summary and analysis of the current research status of adobe improve-
ment, it is found that in the current research on adobe improvement, materials that undergo
chemical reactions can better improve the mechanical and durability properties of adobe.
However, in terms of the construction costs and applications, the adobe is mostly used in
economically backward and remote areas, and the market prices of active materials such
as cement, lime, and gypsum are relatively high, which is not conducive to promotion.
The recycled powder can replace cementitious materials such as cement or be used as an
active material alone. The amorphous SiO2, Al2O3, and CaO contained in the recycled
powder undergo chemical reactions, which can improve the performance of adobe. This
article investigates the mechanism of changes in the mechanical properties of adobe by
adding the active recycled powder to the material. Taking mixed recycled construction
waste powder as the research object, different proportions of recycled concrete powder
and recycled brick powder were added to the adobe, and their mechanical properties and
durability experiments were conducted.

The innovation of this paper is to provide theoretical support for the use of recycled
powder mixed with adobe through the mechanism study of the difference between me-
chanical properties and durability, give play to the advantage of the low market price of
recycled powder, improve the utilization rate of solid waste, reduce or even eradicate the
use of cement and other cementitious materials, and reduce the construction costs and
facilitate promotion.



Buildings 2023, 13, 1358 4 of 13

2. Materials and Methods
2.1. Material Preparation

The recycled powders used in this paper are mainly recycled brick powder and
recycled concrete powder, which are mainly prepared from waste clay bricks and waste
concrete from construction waste recycling stations. Adobe material comes from the Loess
Plateau in the Shaanxi section of the Yellow River. Its chemical composition is measured by
an X-ray fluorescence spectrometer. Table 1 gives the main parameters of the adobe.

Table 1. Main parameters of adobe (%).

Chemicals SO3 Fe2O3 CaO SiO2 Al2O3 Other

Proportion (%) 0.3 7.7 1.9 66.2 17.8 6.1

The preparation process of recycled brick powder and recycled concrete powder is
as follows: Waste brick aggregate and waste concrete aggregate are treated by a 1 cm
square hole sieve to remove impurities such as broken plastics and sawdust, as shown in
Figure 2. The mechanical grinding method of the ball mill is used to prepare and stimulate
the activity of recycled brick powder and recycled concrete powder, and its activity is
improved by increasing the specific surface area of the powder. The recycled powder after
grinding is shown in Figure 3. The left side is recycled brick powder, and the right side
is recycled concrete powder. Referring to JG/T 573-2020, “Recycled powder for Concrete
and Mortar”, the recycled brick powder and recycled brick powder are divided into two
grades, I and II, respectively, based on their different grinding times. The fineness and sieve
residue of different grades are shown in Table 2.
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Table 2. Fineness and sieve residue of recycled brick powder and recycled concrete powder.

Item Grade Fineness (%) 45 µm Sieve Residue (%)

Recycled brick
powder

I ≤30 19.5
II ≤45 30.5

Recycled concrete
powder

I ≤30 24.5
II ≤45 35.5

The particle size distribution of recycled powder was analyzed by a laser particle size
analyzer. From Table 3, it can be seen that, regardless of whether recycled brick powder or
recycled concrete powder is used, the particle size distribution of grade I is more inclined
toward a smaller particle size range than that of grade II. In existing studies, it has been
found that the higher the content of cement particles with a particle size less than 40 µm,
the higher the activity. The higher the content greater than 100 µm, the lower the activity
test. The finer the particle content, the higher the activity. So, the grade I activity of recycled
brick powder and recycled concrete powder is higher than the grade II activity.

Table 3. Particle size distribution of grade I/II recycled brick powder and recycled concrete
powder (%).

Item <10 µm <25 µm <45 µm <60 µm <75 µm <90 µm <110 µm <150 µm

Recycled brick powder-I 31.63 53.32 70.65 78.77 86.47 89.67 94.08 96.24
Recycled brick powder-II 26.7 43.51 60.33 68.45 76.81 80.83 88.06 97.50

Recycled concrete powder-I 45.75 63.28 79.55 85.10 90.35 92.28 94.28 96.59
Recycled concrete powder-II 32.5 48.77 62.75 69.09 75.59 78.74 84.54 93.27

At present, the compaction method is mainly used for adobe materials; that is, the
bulk of adobe materials are compacted to a dense state by external force, which meets the
requirements of geotechnical experiments. When preparing adobe samples in this paper,
firstly, the optimum water content and the corresponding maximum dry density of adobe
mixed with recycled powder are calculated, and then the compaction method is adopted.
The main steps are as follows:

(1) To avoid situations where the sample is not easy to de-mold and the demolding angle
is missing, a plastic film is paved in the mold in advance;

(2) The adobe materials, which are mixed evenly according to a certain proportion, are
divided into three layers and filled into the mold from bottom to top, and each layer
is compacted five times for a total of fifteen times in three rounds.

(3) Before each layer is compacted, roughen the compacted surface of the lower layer,
increase the concave and convex points, and increase the roughness and bonding
force of the interlayer contact surface.

The sample size is 40 mm × 40 mm × 160 mm, and it is covered with plastic film to
keep moisture, as shown in Figure 4. After standing for 48 h, the mold is removed and
the sample is cured in a constant temperature and humidity curing box with humidity of
45% and temperature of 15–25 ◦C for 7 days, 14 days, and 28 days, respectively, and the
compressive strength and durability of each group of samples are tested.

2.2. Experimental Methods

The mechanical performance experiment of recycled concrete blocks shall be carried
out according to the method specified in the “Standard for Mechanical Performance Ex-
periment Methods of Ordinary Concrete” GB/T50080-2002. The unconfined compressive
strength experiment is mainly used for the compressive strength of samples, and the load-
ing speed of the pressure testing machine is set to 2 kN/s to test the compressive strength
of samples in different curing periods. The softening coefficient of the sample mainly
represents the water resistance of the material. In this paper, the ratio of the sample’s
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compressive strength soaked in water for 1 day to the compressive strength after 28 days of
standard curing shows that the greater the softening coefficient of the sample, the stronger
its water resistance. The hydration products and mineral components of the samples were
mainly determined by an X-ray diffractometer. The wavelength of the equipment was set
to 0.16 nm, the scanning speed was set to 110◦/min, and the scanning range was 5–90◦.
The mineral components of the samples after different improvements were analyzed. The
pore structure and morphological characteristics of the samples were mainly tested by
scanning electron microscope. The pore structures of different samples were compared
by taking electron microscope pictures of different samples. In testing concrete strength,
3 days, 7 days, and 28 days are commonly used testing time points. The 28-day testing
time determines the final strength of the concrete. The test results can help determine the
strength development trend of concrete and whether measures need to be taken to enhance
its strength. In this experiment, after 28 days, the strength development curve of the adobe
sample began to enter a plateau period.
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Moisture absorption and desorption performance experiment: place the sample cured
at normal temperature for 28 days in an electric blast drying oven at 55–65 ◦C, and keep
it dry for 3 h at a stable weight. Take out the sample and place it in a room at 15–25 ◦C
for 20 min until it is cooled, and then place it in a constant temperature and humidity
curing box with a temperature of 18–22 ◦C and relative humidity of 95% to simulate the
high humidity environment. Record the quality of the sample after moisture absorption
once every 24 h until the quality fluctuation of the sample is less than 0.05 g and then
stop recording. After that, take out the sample after moisture absorption and place it in a
constant temperature and humidity curing box at 23–27 ◦C and 35–45% relative humidity
to simulate the natural environment of water loss. Additionally, record the quality of the
sample after water loss every 24 h until the quality fluctuation of the sample is less than
0.03 g and then stop recording.

Dry–wet cycle experiment: place the sample cured at normal temperature for 28 d
in an electric blast drying oven at 55–65 ◦C, and keep it air-dried for 3 h until it reaches a
stable weight. Take it out and cool it indoors at 15–25 ◦C for 20 min, and record the quality
of the sample. Then, put it in a water tank with a water surface that is 30 mm higher than
the upper surface of the sample and a temperature of 15–25 ◦C. After 5 min, take it out and
dry it indoors at 20 ◦C for 30 min. Soak the sample in water for 5 min, dry it for 30 min,
dry it for 7 h 15 times, and record the quality and compressive strength of the sample after
the cycle.
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Freeze–thaw cycle experiment: place the sample cured at normal temperature for
28 days in an electric blast drying oven at 55–65 ◦C for 3 h at a constant weight, and then
take it out and cool it at 15–25 ◦C for 20 min. Record the quality and place it in the concrete
slow-freezing box. Using pneumatic thawing, set the machine parameters to slow freeze for
2 h at −20 ◦C and melt for 2 h at 20 ◦C, as one cycle. Record the quality and compressive
strength at the end of the cycle after 20 cycles.

3. Results and Discussion
3.1. Compressive Strength of Samples under Normal Temperature Curing Conditions

There are few studies on the performance of adobe with the single addition of re-
cycled powder, but similar studies are more common for cement-based materials. Some
studies [22] used a ball mill to grind the powder to below 45 µm and mixed it into the
concrete as an active material. It was found that the recycled brick powder and recycled
concrete powder contained clay minerals, and unhydrated cement particles had good
activity performances. Some studies [23] further ground the powder into three ranges of
0–45 µm, 45–75 µm, and 75–150 µm, and also added it as an active material into cement for
testing. The results showed that recycled brick powder and recycled concrete powder have
good pozzolanic activity. In addition, it was found that the fineness of the powder has a
significant impact on its activity, and the compressive strength of recycled concrete powder
with particle sizes ranging from 0 to 45 at 28 days is higher than the other two particle sizes.

The above research shows that the activity of recycled powder increases with the
decrease in fineness. In this experiment, no other active materials were used to assist in the
reaction of adobe with recycled powder, and the activity of the powder was only stimulated
by its activity and the alkaline environment inside the soil. The total amount of raw soil
is kept at 100% by referring to the commonly used recycled powder separately, and the
external mixing method is adopted [5]. Additionally, adobe was set as the control group.

Compression experiments were conducted on adobe obtained by mixing recycled
powder treatment. The concrete was cured from the completion of pouring, and the
compressive strength growth rate was the fastest in the first seven days of this cycle.
During the following 7–14 days, its growth rate slowed down. At 28 days, it reached
over 100%, but after 18 days, its growth rate became very slow. Therefore, a strength of
28 days is generally used as the standard strength. After 28 days, the development curve of
concrete strength began to enter a plateau period. The experimental results show that, from
the perspective of age and powder type, the compressive strength of adobe treated with
recycled brick powder under room temperature conditions shows a significant increase
compared to the untreated group at each age. Among them, during the aging period of
7 days to 28 days, the increase in the use of grade I and grade II powders reached 32% to
53% and 30% to 57%, respectively.

The 28-day compressive strength relationship curve of adobe obtained by mixing
recycled powder treatment is shown in Figure 5. According to Figure 5, it can be observed
that the combination of recycled brick powder shows a decreasing inflection point when
the dosage is 10%. However, compared to the latter, the former has a higher compressive
strength at different dosages, regardless of whether it is grade I or grade II powder. The
larger the dosage, the greater the difference between the two. This also indicates that
both grade I and II recycled brick powder have better composite effects when mixed with
adobe. To optimize the dosage of powder on this basis, the experimental results should be
compared and analyzed with the control group.

Then, the 28-day compressive strength of the adobe and control groups obtained from
the mixed treatment was measured. Compared with the control group, the compressive
strength of the mixed recycled brick powder group showed a certain degree of increase. The
growth rate of the grade I powder group was 26% to 52%, while the growth rate of the grade
II powder group was 18% to 41%. In addition, the compressive strength of the composite
recycled concrete powder group also increased to a certain extent. Mixing recycled brick
powder at room temperature had a significant effect on improving the compressive strength
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of the adobe. Among them, the 28-day strength increase in the adobe was the highest
when 6–14% of grade I/II recycled brick powder and 2–10% of grade I/II recycled concrete
powder were added. In addition, the recycled brick powder also had a promoting effect
on improving the compressive strength of adobe with only cement added. The effect was
most significant when the grade I dosage was 6–14% and the grade II dosage was 10%.

Buildings 2023, 13, x FOR PEER REVIEW 8 of 14 
 

that the combination of recycled brick powder shows a decreasing inflection point when 
the dosage is 10%. However, compared to the latter, the former has a higher compressive 
strength at different dosages, regardless of whether it is grade I or grade II powder. The 
larger the dosage, the greater the difference between the two. This also indicates that both 
grade I and II recycled brick powder have better composite effects when mixed with 
adobe. To optimize the dosage of powder on this basis, the experimental results should 
be compared and analyzed with the control group. 

 
Figure 5. Compressive strength of adobe material mixed with recycled powder and cured at normal 
temperature for 28 days. 

Then, the 28-day compressive strength of the adobe and control groups obtained 
from the mixed treatment was measured. Compared with the control group, the compres-
sive strength of the mixed recycled brick powder group showed a certain degree of in-
crease. The growth rate of the grade I powder group was 26% to 52%, while the growth 
rate of the grade II powder group was 18% to 41%. In addition, the compressive strength 
of the composite recycled concrete powder group also increased to a certain extent. Mix-
ing recycled brick powder at room temperature had a significant effect on improving the 
compressive strength of the adobe. Among them, the 28-day strength increase in the adobe 
was the highest when 6–14% of grade I/II recycled brick powder and 2–10% of grade I/II 
recycled concrete powder were added. In addition, the recycled brick powder also had a 
promoting effect on improving the compressive strength of adobe with only cement 
added. The effect was most significant when the grade I dosage was 6–14% and the grade 
II dosage was 10%. 

3.2. Compressive Strength of Samples under Hot Curing Conditions 
The compressive experiment was carried out on the samples made of adobe materials 

mixed with recycled brick powder and recycled concrete powder. Figure 6 shows the com-
pressive strength of adobe materials mixed with recycled powder after 28 days of hot cur-
ing. From Figure 6 and the experimental results, it can be seen that through the analysis 
of the curing age of the samples and the types of powder, the compressive strength of the 
adobe materials mixed with recycled brick powder increased obviously at each curing age 
under hot conditions, and the compressive strength of the samples mixed with grade I 

Figure 5. Compressive strength of adobe material mixed with recycled powder and cured at normal
temperature for 28 days.

3.2. Compressive Strength of Samples under Hot Curing Conditions

The compressive experiment was carried out on the samples made of adobe materials
mixed with recycled brick powder and recycled concrete powder. Figure 6 shows the
compressive strength of adobe materials mixed with recycled powder after 28 days of hot
curing. From Figure 6 and the experimental results, it can be seen that through the analysis
of the curing age of the samples and the types of powder, the compressive strength of the
adobe materials mixed with recycled brick powder increased obviously at each curing
age under hot conditions, and the compressive strength of the samples mixed with grade
I and grade II recycled brick powder increased by 15–2% and 7–18% within the curing
age of 7–28 days. In hot conditions, the compressive strength of the samples mixed with
recycled concrete powder of grade I and grade II increased by 7–10% and 2–6% within the
curing period of 7–28 days, which were both lower than the compressive strength of the
samples mixed with recycled brick powder of the same dosage for the same curing period.
Therefore, mixing recycled powder plays an effective role in the compressive strength
of the raw materials under hot conditions, and the effect of recycled concrete powder is
not obvious. With the increase in the content of recycled brick powder, the compressive
strength of the sample first increased and then decreased, and the turning point occurred
when the content of the recycled brick powder of grade I and II was 10%. With the increase
in the content of recycled concrete powder, the compressive strength of the sample also
increased at first and then decreased. The turning point occurred when the content of the
recycled concrete powder was 6%, which fully shows that the adaptability of recycled brick
powder to temperature is weak and the content can be more, while the adaptability of
recycled concrete powder to temperature is obvious, which is not suitable for adding a
large number of adobe materials.
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hot curing.

To ensure the curing effect of adobe under hot conditions, it should be compared
with the room temperature curing group. Research has found that, compared to the group
under room temperature conditions, the composite recycled brick powder group reach its
peak at a dosage of 6%. After exceeding this dosage, there is a small range of decreases in
variation. Among them, the decrease in grade I powder is 1% to 3%, and the decrease in
grade II powder is 5% to 8%. The composite recycled concrete powder group also reaches
its peak at a dosage of 6%. After exceeding this dosage, it shows a wide range of decreasing
changes. Among them, the reduction in grade I powder is 5–9%, and the reduction in grade
II powder is 4–12%. This also indicates that under hot conditions, the effect of adding
the powder to adobe with cement on its 28-day compressive strength is relatively small
when the content of grade I/II recycled brick powder is between 2% and 14%, the content
of grade I recycled concrete powder is between 2% and 14%, and the content of grade II
recycled concrete powder is between 2% and 6%.

3.3. Durability

Durability refers to the ability of a material to remain non-cracking and non-collapsing
due to non-destructive external forces such as environmental changes during long-term
use. Specifically, it refers to the ability of the material forming the structure to maintain
its original characteristics without being damaged during use [24]. During its use, adobe
will face the effects of rainwater erosion, dry–wet cycling, freeze–thaw cycling, and other
factors. Depending on the region, it will also face the effects of temperature differences
and humidity changes. Therefore, compared to mechanical properties, the durability of
adobe should be a top priority in the study of the properties of recycled powder mixed
with adobe.

3.3.1. Moisture Absorption and Desorption Performance

Using only the water absorption rate and water resistance delay index cannot fully
characterize the water resistance performance of adobe, let alone reflect the specimen’s
moisture absorption and release performance in actual usage environments. Therefore, it is
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necessary to introduce other characterization methods to improve the evaluation criteria
for water resistance, so the moisture absorption and desorption performance will be used
as another indicator to measure the water resistance performance of the adobe. This study
also pointed out that the moisture absorption and release performance experiment is closer
to the actual use scenario [25].

In the experiment of moisture absorption and desorption characteristics of the samples,
the quality of adobe materials mixed with recycled powder is maintained in the process of
rapid growth in the first 7 days of sample curing, the quality increases slowly after 7 days
of curing, and the moisture absorption quality of samples reaches the peak on the 13th
day of curing. In this paper, the quality of the sample’s cured for 13 days will be regarded
as the stable moisture absorption quality of the sample. Figure 7 shows the experiment
results of the moisture absorption and desorption performance of adobe materials. As
can be seen from Figure 7, when the content of recycled powder is 6–10%, the moisture
absorption rate of the sample is low, which is much lower than other contents of recycled
powder, and the natural drying rate of the sample is also lower than other contents of
recycled powder, which is mainly because the powder cannot fill the intergranular pores of
the dense adobe material when the content of recycled powder is low. When the content
of recycled powder is high, a large number of pores will be produced in the soil-based
materials, which will lead to the deterioration of the moisture absorption and desorption
properties of the materials. Therefore, when the content of recycled powder is 6–10%, the
soil material has a good moisture absorption and desorption performance.
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3.3.2. Dry–Wet Cycle Performance

Based on the research on the durability performance of rammed earth walls [26],
researchers conducted 12 dry–wet cycle experiments on adobe according to the American
Society for Materials standard [27], and provided reference values for the maximum mass
loss after 12 cycles. Referring to the above content, the number of dry and wet cycles set in
this experiment was 12.

In the dry–wet cycle experiment of the sample, the experiment results of the dry–wet
cycle performance of adobe materials are given in Figure 8. As can be seen from Figure 8,
for the adobe materials doped with recycled powder, when the content of recycled powder
exceeds 2%, the quality loss rate of the samples shows a gradual upward trend. Compared
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with recycled concrete powder, the quality loss rate of the samples mixed with I/II recycled
brick powder is higher, and the difference in the quality loss rate of the samples is larger
with the increase in the mixing amount. At the same time, it is found that the strength loss
rate of the sample increases gradually when the content of recycled powder exceeds 2%
and the overall change is not significant, which shows that the mixing of recycled powder
has an impact on the dry–wet cycle performance of the raw material, and the impact on the
dry–wet cycle performance of the raw material is the weakest when the content of recycled
powder is 2–10%.
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3.3.3. Freeze–Thaw Cycle Performance

According to the relationship between the amount of powder added and the quality
loss rate in adobe, it can be found that, for the groups containing recycled brick powder
and recycled concrete powder, when the amount of powder added is higher than 2%,
the corresponding quality loss rate shows an increasing trend and is far lower than the
control group, meeting the limit requirement of less than 5%. In addition, when the powder
content is greater than 6%, compared to the recycled brick powder group, the mass loss
rate of the recycled concrete powder group under grade I/II powder is lower. Additionally,
with the increase in the dosage, the mass loss rate corresponding to the two types of
grade I/II powders is closer to the control group. Taking into account the relationship
between the amount of powder added and the strength loss rate in adobe, for the groups
containing recycled brick powder and recycled concrete powder, the strength loss rate
gradually increases after the amount exceeds 2%, and is overall higher than the control
group. When the dosage exceeds 10%, the corresponding strength loss rate does not meet
the corresponding requirements for the strength loss rate. This also indicates that adding
recycled brick powder and recycled concrete powder will cause negative changes in the
freeze–thaw cycling performance of adobe. When the content of recycled brick powder in
grade I/II is between 2% and 6%, and the content of recycled concrete powder in grade I is
between 2% and 6%, this effect is relatively weak.

4. Conclusions

This paper takes the adobe material mixed with the recycled powder of construction
waste as the research object, adds the prepared recycled concrete powder and recycled
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brick powder of construction waste into the adobe material according to different mixing
ratios, adopts the compaction process and carries out standard curing to prepare the adobe
sample, and studies the mechanical and durability properties of the adobe material. The
main research results are as follows.

(1) Under normal temperature curing conditions, with the increase in recycled powder,
the compressive strength of the adobe material sample shows a significant increasing
trend, with a turning point of around 10%.

(2) Under high-temperature conditions, with the increase in recycled powder, the com-
pressive strength of the adobe sample first significantly increases and then decreases.
The turning point is about 10% for recycled brick powder and 6% for recycled concrete
powder.

(3) Good moisture absorption and desorption performance can only be achieved when
the powder content is within the range of 6% to 10%.

(4) The addition of recycled brick powder and recycled concrete powder will cause
changes in the dry–wet cycling performance of adobe. This effect is relatively weak
when the dosage is within the range of 2% to 10%.

(5) The addition of recycled brick powder and recycled concrete powder will cause
negative changes in the freeze–thaw cycling performance of single cement adobe.
When the content of recycled brick powder in grade I/II is between 2% and 6%, and
the content of recycled concrete powder in grade I is between 2% and 6%, this effect is
relatively weak.
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