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Abstract

This study addresses the meso-structure of recycled aggregate concrete with different admixture and c;uring condi-
tion. The RCA (Recycled concrete aggregate) with admixture of slag power and fly ash and curing condition of steam
was casted. X-ray CT (Computed tomography) was used to obtain meso-structure of RCA, and the pore structure,
aggregate, and interface traction zone were analyzed. The results show that steam curing not only increases the
pore volume but also makes the pore morphology more complex, the fractal dimension increases, the proportion of
spherical pores decreases, and the pores develop from spherical to flat and slender with the increase of steam curing
temperature. The porosity of micron pores in recycled aggregate concrete is about 2.3%, in which the pores with
aperture less than 300 um accounts for more than 85%. The thickness of the interface area between recycled aggre-
gate and new mortar is about 200 um, and the crack width in recycled aggregate is about 300-400 um.
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1 Introduction

The recycling of waste concrete into recycled aggregate
(RA) not only reduces the environmental pressure caused
by waste concrete but also greatly reduces the exploi-
tation of natural resources (de Andrade Salgado & de
Andrade Silva, 2022; Ma et al., 2022; Ouyang et al., 2022;
Wang et al., 2022). However, because the RA is wrapped
with the old mortar and has the characteristics of high
crushing index and porosity, the incorporation of RA will
cause the decrease of mechanical properties of concrete
(Kou & Poon, 2008; McGinnis et al., 2017; Suryawanshi
et al., 2015). The utilization rate of RA in China has been
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at a low level, and RA is rarely used in concrete structural
members. Under the background of building industriali-
zation, the assembly of building components will become
an important production mode of concrete structures.
In the production process of prefabricated components,
steam curing can improve the early strength of concrete,
realize rapid demolding, and accelerate the turnover rate
of formwork, which is the main measure for the prefab-
ricated component production plant to improve produc-
tion efficiency and economic benefits (Ramezanianpou
et al,, 2014; Shi et al,, 2020a, 2020b). However, existing
studies have shown that under high-temperature condi-
tions, when the early strength is improved, the internal
structure of concrete will also be imperfect, which will
adversely affect the late strength and durability (Tan
and Zhu, 2017; Shi et al., 2020a, 2020b). The influence of
steam curing on the macroscopic mechanical properties
and microstructure of concrete has long been the focus
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of researchers in this field (Gonzalez-Corominas et al.,
2016; Jun et al., 2012).

Li et al. (2017) studied and compared the influence of
steam curing temperature and time on the performance
of concrete containing a large amount of fly ash or slag
powder. Compared with prolonging steam curing time,
increasing temperature is more beneficial to fly ash con-
crete. When steam curing at 80 °C, fly ash and slag reduce
the damage risk of delayed ettringite on the micro-
structure of concrete. The effect of fly ash on improving
pore structure and enhancing chloride ion permeability
is better than that of slag. Yang et al. (2021) studied the
effects of fineness and content of fly ash and curing sys-
tem on the compressive strength and microstructure of
steam-cured high content fly ash cement composites.
Ultrafine fly ash can improve the early and late strength
of steam-cured composites, and effectively improve the
pore structure of composites. Compared with prolong-
ing steam curing time, increasing temperature seems to
be more effective in fusing aluminum in fly ash into cal-
cium silicate hydrate. Hong et al. (2006) studied the influ-
ence of slag on the strength and microstructure of steam
curing ordinary Portland cement concrete. Increasing
the content of slag increases the compressive strength
of concrete and improves the microstructure to enhance
the permeability and freeze—thaw resistance. Kim et al.
(2011) studied the applicability of slag in shield lining and
found that replacing 50% ordinary cement with slag was
the optimum mixing condition. Compared with standard
curing, when steam curing at 60 °C for 4 h, not only the
early strength increased by more than 3 times but also
the 28-day strength increased by about 30%.

Lee et al., (2005a, 2005b) tested the mechanical prop-
erties and chloride ion penetration of steam-cured
recycled aggregate concrete (RAC). When the replace-
ment rate of recycled coarse aggregate does not exceed
50%, the strength and chloride ion permeability are
within a reasonable range, which is close to that of
ordinary concrete. The RAC can be used for structural
members when the content of RA is controlled. Poon
et al. (2006) studied the influence of steam curing on
the mechanical properties and pore structure of RAC.
Steam curing improved the 1-day strength of concrete,
but the 28-day and 90-day strength were lower than that
of water curing. The static elastic modulus of concrete

Table 1 Chemical composition of cementitious materials (%)

Page 2 of 14

also decreased, but the negative impact of steam curing
decreased with the increase of RA content. Steam cur-
ing can improve the compactness and anti-chloride ion
permeability of RAC. The research shows that steam
curing is a practical method to increase the content of
RA.

The recycled aggregate has defects, and the steam
curing system causes thermal damage to concrete.
Therefore, a large number of mineral admixtures are
used to inhibit the thermal damage of concrete dur-
ing steam curing. However, previous studies mainly
focused on the influence of recycled aggregate concrete
or steam curing system on the microstructure of con-
crete, and less on the influence of large mineral admix-
tures on steam curing system concrete. In order to
explore the mechanism of the influence of steam cur-
ing on the macro mechanical properties of RAC mixed
with slag and fly ash, the microstructural characteris-
tics of RAC with different steam curing systems, such
as porosity, pore size distribution, and pore structure
morphology, were analyzed by CT scanning technique.

2 Test Scheme
2.1 Materials
The cement used in the test is PO 42.5 ordinary Portland
cement, and the admixtures are low calcium fly ash and
S95 blast furnace slag powder. The specific surface areas
of cement, fly ash, and slag are 378 m*/kg, 365 m*/kg, and
420 m?/kg, respectively. The 3-day steam curing activ-
ity indexes of slag powder and fly ash were 106.9% and
78.1%, and the 28-day steam curing activity indexes were
119.4% and 90%, respectively. The chemical composition
of cement, slag powder, and fly ash is shown in Table 1.
The aggregate gradation curve is shown in Fig. 1.
The maximum nominal particle size of RA is 26.5 mm,
the bulk density is 1264.5 kg/m?®, the water absorp-
tion is 4.9%, and the crushing index is 15.2%. The fine
aggregate is natural river sand with fineness modulus
of 2.5. According to the comparison between the recy-
cled aggregate and the natural aggregate, the recycled
aggregate has a large particle size and a single particle
size distribution, which indicates that the surface of the
recycled aggregate is covered by old mortar and is not
completely broken.

Component Ca0 MgO Sio, Fe,0, P,0; Al,0,4 SO, LOI
Cement 54.65 258 22.07 432 1.03 6.30 2.59 214
Fly ash 8.18 030 4111 6.28 1.15 38.62 042 3.61
Slag powder 45.09 6.99 2733 045 0.13 13.66 4.03 095
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Fig. 1 Aggregate gradation curve

2.2 2.2 Mix Proportion

Three test blocks shall be prepared for each test group,
and each material shall be weighed according to the
design mix proportion. Before mixing the recycled aggre-
gate concrete, the recycled aggregate shall be treated
by means of pre-water absorption to make it reach the
saturated surface dry state, and then the recycled aggre-
gate shall be used for mixing. Coarse aggregate, sand,
cement, slag powder, and fly ash shall be manually mixed
for 1 min, and then the concrete mixer shall be used for
dry mixing for 2 min. After ensuring that all materials
are fully contacted, the mixing water shall be added to
continue mixing for 2 min, and then the vibrating table
shall be used for vibration and molding. In the test, 50%
cement is replaced by slag powder or mixed slag powder
and fly ash, in which the ratio of slag powder to fly ash
is 3:2. The water absorption of RA used in this work was
4.9%. The mixture of RAC is shown in Table 2, in which
the sample numbers of RACC, RACS, and RACSF rep-
resent that cementitious materials with all ordinary
Portland cement, 50% slag powder, and 30% slag pow-
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2.3 Curing condition

In this paper, there are two different curing condition
was considered. On one hand, RACC, RACS, and RACSF
were cured in the standard environment (temperature of
202 °C and humidity of 95%) after casting tested at the
age of 28 days, respectively. On the other hand, RACS
was curing with steam. The steam quick curing box is
used for steam curing, which can programmatically con-
trol the curing temperature and time. The steam curing
process of concrete can be divided into static stage, heat-
ing stage, constant temperature stage, and cooling stage.
The curing temperature and holding time of the test are
shown in Table 3. The static stage starts from the pour-
ing of concrete into the test mold, and the concrete was
placed in the test mold for 3 h at 20 °C. The heating stage
is 2 h from 20 “C to the target steam curing temperature.
The duration of the cooling phase is 2 h, from the steam
curing temperature to 20 ‘C. Two steam curing systems
are adopted: steam curing at 60°C for 12 h and steam cur-
ing at 80°C for 9 h, which are recorded as ‘6012’and ‘8009,
respectively. For example, Fig. 2 shows the time-his-
tory curve with curing temperature of 60°C and holding
time of 12 h. After the steam curing, the specimens were
demolded and placed in the standard curing environ-
ment for testing at 28 days. The mechanical properties of
each mix are tested and the results are listed in Table 4.

2.4 X-Ray CT

The German Vtomexs micro-focus X-ray CT system
(Fig. 3) was used in the test. The maximum tube power
of the system is 320 W, the X-ray source voltage range
was 10~240 kV, and the tube head current range of
the equipment was 0.01-3.0 mA. The scanned sample
is a cylinder with a diameter of 50 mm and a height of

Table 3 Steaming system parameters

> Sample  Static Heating Curing Holding Cooling
der+20% fly ash, respectively. And the water cement pNo time/h time/h  temperature time/h time/h
ratio is 0.3, sand ratio is 0.46. The polycarboxylic acid rc
hlgh—performance water reducing ag?nt was us.ed, and ., o 3 ) 60 1 )
the content is 0.7% of the cementitious material. The 012
concrete mixtures have good fluidity, and the slump is  Rgacs- 30 9
between 190and 200 mm. 8009
Table 2 Mix proportion of recycled aggregate concrete (kg/m?)
No Cement Slag powder Fly ash Sand RA Water PCA
RACC 483 0 0 815 957 145 342
RACS 241.5 2415 0 815 957 145 342
RACSF 241.5 144.9 96.6 815 957 145 342




Chen et al. Int J Concr Struct Mater (2023) 17:11

80

Constant temperature stage

N
(=]

Temperature/°C
&
(=}
e
atmg Stage
0
sams 3OO0

20

Static stage form removal
0 1 1 1 1 1
0 4 8 12 16 20 24
Time/h
Fig. 2 Schematic diagram of the time-history curve of steaming
system

Table 4 Steaming system parameters

Sample No RACC RACS RACSF RACS6012 RACS8009

Compressive strength 596 614 519 56.7 54.6

100 mm, and the image resolution is 59.2 pm/voxel, and
the number of pixels in the image is 1024 x 1024. The 2D
slice image of the sample is obtained by scanning and the
first step of image post-processing is to distinguish the
gray range of pores, aggregates, and mortar according to
the gray value.

Fig. 4 shows the determination process of gray value
range of each component of recycled aggregate concrete.
Firstly, a line segment is drawn at position with recycled
aggregate, new mortar, old mortar, and pore in the 2D
CT slice image, as shown in Fig. 4a. Fig. 4b shows the
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gray values of different phase of different components.
It can be found that gray value range of each phase is
obviously different, and new mortar, coarse aggregate,
old mortar, and pore with gray values of 6400, 5450,
7000, and 2400 can be used to threshold segmentation,
respectively. According to Fig. 4b, when the gray value is
less than 2400, it can be identified as pore, and when the
gray value range is 2400-5400, it can be identified as old
mortar. Then, the three-dimensional reconstruction of
each component can be carried out by AVIZO software.
Finally, the three-dimensional structure of the recon-
struction can be analyzed. The stack image is obtained
through CT, and the 3D model reconstruction is real-
ized by using the commercial software VG Studio. Fig. 5
shows the three-dimensional model of each phase struc-
ture of the reconstructed concrete after segmentation, in
which the corresponding structures of each number are
as follows: (1) aggregate; (2) pore; (3) new mortar; (4) old
mortar; and (5) total model.

3 Results and Discussion

3.1 Characteristic Analysis of Pore Structure

3.1.1 Porosity and Pore Size Distribution

To analyze the influence of steam curing and admixtures
on the pores of RAC, a statistical analysis of the poros-
ity and pore size distribution is carried out. Fig. 6 shows
the porosity of different specimens. It can be seen that
the porosity of each specimen is relatively close, between
2.27% and 2.38. The addition of slag powder and fly ash
reduced the porosity slightly, while the high-temperature
steam curing increased the porosity. The pore size distri-
bution is shown in Fig. 7 as percentage value and cumu-
lative percentage value, respectively. The proportion of
pores with a pore diameter of 75-300 pm reaches more
than 85%. Fig. 7 shows that responses are basically the
same which indicates that the addition of a large number

Fig. 3 X-CT scanning equipment
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(a) CT 2D slice

Fig. 4 Division of gray scale for each component of RAC
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Fig. 6 Influence of admixtures and curing conditions on porosity

of mineral admixtures, and the high-temperature steam
curing conditions promote the pozzolanic effect of slag
powder and fly ash and generate more C—S—H gel in a
short time, thus reducing the thermal damage caused by
steam curing system. Hu et al. cleared that if the replace-
ment amount of fly ash exceeds a certain high propor-
tion (70%), the value of open porosity tends to decrease
regardless of the curing conditions are diverse.

3.1.2 Distribution of Pore Surface Area

Pore surface area is a comprehensive reflection of pore
diameter and pore shape. The smaller the pore diam-
eter, the fuller the shape, and the smaller the pore
surface area. It can be seen from Fig. 7 that the pore
diameter is less than 300 pum is dominant. The pores
with a surface area of 0—1 mm? are divided at intervals
of 0.02 mm? to obtain the distribution of pore surface
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area, as shown in Figs. 8 and 9. Statistical results of the
pore surface area are listed in Table 5. The pore surface
area less than 0.6 mm? accounts for more than 90%. In
the composite system, small particles will fill the pores
of large particles, and the filling effect between small

and large particles will appear, which will reduce the
porosity and increase the compactness. It can be seen
from the figure that the addition of slag powder and fly
ash can refine the pores and increase the proportion
of small holes, while the proportion of small holes in
high-temperature steam-cured specimens decreases.
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Table 5 Percentage value of pore surface area in different ranges (%)
Range of pore surface area/ 0-0.1 0.1-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0
mm2
RACC20 56.57 18.92 14.41 572 2.76 1.63
RACS20 63.42 17.20 11.82 4.28 2.07 1.20
RACSF20 58.78 18.26 1353 527 2.56 1.60
RACS6012 52.90 20.52 15.82 6.12 2.89 1.76
RACS8009 58.78 18.26 1353 527 2.56 1.60
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Fig. 10 Influence of admixtures on the fractal dimension of pores Fig. 11 Influence of curing system on the fractal dimension of pores

3.1.3 Pore Fractal Dimension

To further analyze the influence of steam curing and
admixtures on the pore structure shape of RAC, tak-
ing the two-dimensional slices of concrete specimens as
samples, the two-dimensional fractal dimensions of the
pores of five groups of specimens RACC20, RACSF20,
RACS20, RACS6012, and RACS8009 were analyzed and
calculated. The box counting method (Liu et al., 2016)
is used to calculate the fractal dimensions of the two-
dimensional slices, as shown in Eq. (1):

D = lim 7logN(r),
r—0 log (r)

1)

where r is the edge length of lattices divided on slices and
N is the number of lattices.

The fractal dimension calculation results are combined
with the two-dimensional porosity to draw the scat-
ter diagram, as shown in Figs. 10 and 11. In the figure,
the x-axis is the percentage of pores on each slice, that
is, the two-dimensional porosity. There are 800 slices in
total, and the porosity changes in the range of 1-4%. The
average value of the two-dimensional porosity of all slices
is calculated. The two-dimensional average porosity of

the five groups of specimens is between 2.1%and 2.3%,
which is close to the 3D porosity in Fig. 6. It can be seen
from Fig. 10 that the addition of slag powder and fly ash
reduces the fractal dimension of the pores and optimizes
the pore shape. This is because the mineral admixture
is smaller than the cement particle size, so it can fill the
gap and make the mixture achieve the optimization of
the skeleton. The more complex the particle size distri-
bution, the higher the compactness, and the smaller the
fractal dimension. The effect of steam curing conditions
on the fractal dimension of the specimen is also obvi-
ous, as shown in Fig. 11. With the increase of steam cur-
ing temperature, the fractal dimension of pores increases
significantly, indicating that steam curing makes thermal
damage leading to the pore structure morphology in the
concrete more complex.

3.1.4 Pore Sphericity

Sphericity is an important parameter to quantitatively
characterize the pore shape in concrete. Its physi-
cal meaning is the ratio of the surface area of a sphere
with the same volume as the pore to the surface area of
the pore. The calculation is shown in Eq. (2) (Guo et al,,
2021):
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V(6V)?

V=" ()
where Vis the pore volume (mm?) and A is the pore sur-
face area (mm?).

The closer the sphericity is to 1, the closer the pore
shape is spherical. If the sphericity of the pore structure
is poor, it is easy to generate local stress concentration at
the edge of the pore, which adversely affects the mechan-
ical properties and durability of the concrete. To further
analyze the influence of steam curing and admixtures on
the pore sphericity of RAC, the distribution of pore sphe-
ricity of five groups of specimens RACC20, RACSF20,
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RACS20, RACS6012, and RACS8009 were counted.
Figs. 12 and 13 show the effect of admixture and steam
curing on pore sphericity, respectively. The percentage
value of pore sphericity in different ranges is provided in
Table 6. It can be seen that the frequency of pore spheric-
ity is the highest within the range close to 1. Adding slag
powder and fly ash increases the proportion of sphericity
close to 1. The proportions of RACC20, RACSF20, and
RACS20 with sphericity close to 1 are 34.59%, 38.41%,
and 36.59%, respectively. Furthermore, the proportion of
pores with sphericity of 1 in RACS6012 and RACS8009
specimens was 36.61% and 32.51%, respectively. Steam
curing has an adverse effect on the sphericity of the

N
=

&

=

[
S O

T
N W W
n S O
T T

Percentage/%
3
(=]
Percentage/%
1)
(=]

(%)
T T

.0 02 04 06 08 10
Spherical degree

(a) RACC

Fig. 12 The influence of admixtures on pore sphericity
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Fig. 13 Influence of curing condition on pore sphericity
Table 6 Percentage value of pore sphericity in different ranges (%)
Pore sphericity 0-0.275 0.275-0.0.475 0.475-0.675 0.675-0.825 0.825-0.925 0.925-0.975
RACC20 0.17 1.99 9.50 22.79 30.94 34.59
RACS20 0.096 1.66 8.26 2118 30.39 3841
RACSF20 0.094 138 8.70 22.76 3047 36.59
RACS6012 0.23 2.09 8.59 21.71 30.76 36.61
RACS8009 0.19 2.30 10.24 23.55 31.21 3251
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Table 7 Classification of shape factor index

Classification Stretch ratio Flatness ratio Shape

I >0.67 <067 Pie

Il >0.67 >0.67 Spherical
Il <067 <067 Bladed
[\ <0.67 >0.67 Rod

Table 8 Statistics of the proportions of the four types of pores in
different specimens

Sample No. Pie (%) Spherical (%) Bladed (%) Rod (%)
RACC20 15.18 20.46 47.51 16.83
RACS20 16.13 22.31 43.38 18.18
RACSF20 15.95 23.17 42.20 18.68
RACS6012 16.32 21.08 42.71 19.89
RACS8009 14.92 12.95 53.35 18.78

pores. With the increase of steam curing temperature,
the proportion of sphericity of 1 decreased, especially
the sphericity of concrete after steam curing at 80 °C-9 h
became worse. Therefore, high-temperature steam cur-
ing leads to poor sphericity of internal pores of concrete,
which may be one of the reasons for the reduction of
concrete compressive strength.

3.1.5 Pore Shape Factor

In order to further explore the change of pore spheric-
ity due to steam curing, the pore morphology of concrete
samples was analyzed by shape factor parameter (Chan-
drappa & Biligiri, 2018). The shape factor is an indicator
to measure the pore shape based on the ratio elongation
and flatness of three-dimensional dimension. The ratio of
0.67 was taken as the dividing line, and the pores in con-
crete are divided into pie shaped, spherical, blade shaped,
and rod shaped [21]. The larger the ratio, the fuller the
pore shape. The smaller the single ratio or both ratios, the
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more flattened and elongated the pores. The classifica-
tions of shape factor index are shown in Table 7.

The shape factor analysis method is used to statistically
analyze the pore shape in RAC specimens. The statistics
of the proportions of the four types of pores in different
specimens in Table 8. It can be seen that the pore shape
in RCA is mainly blade shaped and spherical. As shown
in Fig. 14, with the addition of fly ash and slag powder,
the number of concrete pores in Area II increases gradu-
ally, indicating that under standard curing conditions,
adding slag powder and fly ash optimizes the pore shape
and slightly increases the proportion of spherical pores.
However, steam curing, especially at high temperature,
has a significant impact on the pore shape. As shown
in Fig. 15, steam curing system makes pore shape more
regional III compared with standard curing, 80 ‘C steam
curing reduces the proportion of spherical pores by
9.36% and increases the proportion of leaf-shaped pores
by 9.97%.

3.2 Recycled Aggregate Characterization

3.2.1 Composition and Percentage of Recycled Aggregate
The recycled aggregate surface is attached with the old
mortar in the original concrete, the quality of the old
mortar is uneven, and its performance is obviously dif-
ferent from that of the aggregate, which should be dis-
tinguished from the aggregate. This virtually reduces the
real content of the aggregate in the recycled aggregate
concrete, which will inevitably have a certain impact on
the performance of the concrete.

According to the threshold segmentation results of
two-dimensional slice of CT scanning, the ratio of the
area occupied by recycled aggregate (aggregate-+ old
mortar), aggregate and old mortar on the two-dimen-
sional slice to the cross-sectional area of the whole
specimen is defined as their respective percentages. The
specific expression of aggregate percentage is shown in
Eq. (3):

Stretch ratio
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Fig. 14 Influence of admixtures on the pore shape
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Fig. 15 Influence of curing condition on pore shape

Per = ﬁ x 100%
A )

4

®3)

where A, is the area of the aggregate on the two-dimen-
sional slice (mm?) and A, is the cross-sectional area of the
specimen on the two-dimensional slice (mm?).

Fig. 16 shows the aggregate percentage of RACS,
RACS6012, and RACS8009 specimens. The percentage
of aggregate has no direct relationship with the curing
condition and admixture. From the analysis results, it can
be seen that the percentage of recycled aggregate in any
section is basically between 30 and 50%, and the aver-
age percentage is about 39.7%. The proportions of old
mortar and aggregate in recycled aggregate are almost
equal, 17.5% and 22.2%, respectively. The actual propor-
tion of recycled aggregate can be obtained by analyzing
the composition and percentage of recycled aggregate,
which proves that steam curing system will not affect the
composition of recycled aggregate concrete. The perfor-
mance of the old mortar is not only affected by the mix
proportion of the original concrete but also further dam-
aged in the crushing process, which adversely affects the
quality of RAC, and even the main factor affecting the
mechanical properties and durability of recycled aggre-
gate concrete.

3.2.2 Fractal Dimension of Recycled Aggregate

To analyze the contour morphological characteristics of
recycled aggregate and old mortar, the fractal dimension
is analyzed, as shown in Fig. 17. Recycled aggregate con-
tains aggregate and old mortar, which accounts for the
highest percentage in the 2D plane, and its fractal dimen-
sion is greater than that of old mortar and aggregate. The
proportion of old mortar is slightly lower than that of
aggregate, but the fractal dimension is significantly larger
than that of aggregate, indicating that the surface mor-
phology of old mortar is more complex, and the surface
morphology of aggregate is relatively flat. The complexity
of the surface morphology of the old mortar is conducive
to the bonding between the old mortar and the mortar
in the fresh concrete. However, the complex shape of the
old mortar is also easy to contain debris, mud, and other
impurities, resulting in some weak links in the interface
between the new and old mortar, which increases the dis-
persion of the mechanical properties of recycled aggre-
gate concrete. Due to the complex surface morphology of
old mortar, the compactness of aggregate is small. With
the increase of recycled coarse aggregate adhesive mortar
content, the overall strength of recycled aggregate con-
crete is affected and reduced due to the low strength of
old mortar. Therefore, it is necessary to clean the recycled
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Fig. 16 Proportions recycled aggregates and its composition in concrete
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Interface between

Fig. 18 Schematic diagram of the interface area and the micro-crack
area inside the aggregate

aggregate before use, so as to improve the compactness
and mechanical properties of concrete aggregate.

3.3 Interface Transition Zone

On the 2D gray-scale image scanned by X-ray CT, in
the area of transition from aggregate to mortar, or from
old mortar to new mortar, the gray value will jump from

one gray level to another. The jump interval of gray value
can be considered as the interface transition zone, and
the width of this interval is the thickness of the interface
transition zone. The interface transition zone under dif-
ferent curing conditions was measured and analyzed. In
order to reduce the measurement error, 5-line segments
are drawn at each transition area to calculate and analyze
the gray value.

Fig. 18 shows the internal interface transition zone of
concrete specimen and micro-cracks in aggregate. A
certain number of equidistant line segments are drawn
in the selected area, and the gray data of the section
are extracted along the line, and the distance across the
gray value jump interval is statistically analyzed, so as to
obtain the corresponding size of the interface transition
zone and the width of micro-cracks in the aggregate.

Figs. 19 and 20 show the gray curves of the transition
zone between RA and new and old mortar under differ-
ent curing conditions. It can be seen from the diagram
that the thickness of the interface transition zone can be
measured under the accuracy of CT scanning is about
200 pm. Steam curing does not significantly change
the thickness of the interface transition zone between
aggregate and mortar, and the thickness of the interface
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Fig. 19 Gray curve of transition zone between recycled aggregate and new mortar
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transition zone between aggregate and old and new
mortar is similar. The crushing process has caused cer-
tain damage to the aggregate in the RA, causing cracks
in some aggregates. Two aggregate cracks are randomly
selected in the RAC, and two lines are drawn for each
crack to calculate the gray value. As shown in Fig. 21,
the crack width in the RA is about 300—400 um. That is

1. Steam curing not only increases the pore volume in
concrete but also makes the pore morphology more
complex, and the effect of steaming temperature
is greater than that of steaming time, and the frac-
tal dimension increases, the proportion of spherical
pores decreases, and the pores develop from spheri-
cal to flat and slender.

because that the surface of recycled aggregate originally 2. The porosity of each specimen is relatively close,
contained a large number of pores, which led to stress between 2.27% and 2.38%. The porosity is slightly
concentration under the action of external forces, result- reduced by adding slag powder and fly ash, while the
ing in poor mechanical properties of recycled aggregate porosity is increased by steam curing at high tem-
and cracks in the crushing process. Due to the existence perature. The proportion of porosity in the range of
of these cracks, it may reduce the quality of aggregate and 75 pm ~ 300 um is more than 85%.
adversely affect the mechanical properties of RAC. 3. Based on X-ray CT, the porosity of micron-sized
pores in recycled aggregate concrete is about 2.3%,
and the proportion of pores with pore size less than
4 Conclusion 300 um reaches more than 85%. The thickness of
In this paper, RCA with admixture of slag power and fly the interface between new and old mortar is about
ash and curing condition of steam curing was cast, and 200 pm, and the crack width in recycled aggregate
X-ray CT was used to analysis meso-structure of RCA. is about 300 ~400 pm. This shows that the existence
The conclusion is shown as follows: of cracks in recycled aggregate has adverse effects on
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10000
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Fig. 21 Gray curve of cracks in recycled aggregate
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the mechanical properties of recycled aggregate con-
crete.

However, this paper lacks micro and macro research on
recycled aggregate concrete of different ages.
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