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+e application of construction waste to subgrade has important economic and environmental significance. In order to study the
long-term deformation characteristics of recycled construction waste filler, a series of laboratory tests and field measurement have
been carried out. +rough compaction, sieving, and California bearing ratio (CBR) tests, the gradation and CBR value of recycled
construction waste filler meet the requirements of expressway subgrade. Long-term deformation tests include laboratory creep
tests and field settlement measurement. +e creep tests were carried out for about 500 days by a self-made consolidation creep
instrument, the creep type of recycled construction waste filler under the test load is stable creep, as the load increases, not only the
creep deformation increases but also the time to reach creep stability is longer, and the breakage and compaction of particles are
the main reasons for long-term deformation. +rough measurement and analysis, it is found that the settlement stability of the
construction waste subgrade takes a long time; after the operation of road, the settlement of the subgrade has grown rapidly.
Furthermore, the Burgers model can be used to predict the deformation of creep tests, and the maximum settlement of con-
struction waste subgrade can be predicted. +e research can provide reference for the application of recycled construction waste
filler, and it is conducive to the promotion of construction waste subgrade.

1. Introduction

With the continuous development of urbanization in China,
a large amount of construction waste is generated during the
process of construction and demolition. Most construction
waste is transported to rural or suburban areas without any
treatment and stored in open air or in simple landfills. +is
extensive treatment method not only occupies a lot of
cultivated land resources but also causes environmental
pollution, which produces many sharp contradictions [1–4].
Meanwhile, behind the large-scale construction and im-
provement of infrastructure, the lack of sand and stone
resources has caused an unfavorable situation.

+e recycled construction waste aggregates are formed
by screening and crushing of construction waste; many
scholars have studied different types of recycled aggregates.
Barbudo et al. [5–8] studied the effects of compaction on size
distribution; compaction promoted particle breakage and

increased the percentage of cubic aggregates, which helped
to improve the density, elastic modulus, and load-bearing
capacity of recycled aggregates [9–11]. Different types of
recycled aggregates have a different porosity and water
absorption, compared with natural aggregates, the optimal
moisture content of recycled aggregates increases [12, 13],
and the density of various recycled aggregates is lower and
the porosity is higher [14, 15]. Natural aggregates have
higher maximum dry density than different types of recycled
aggregates. +rough CBR test of recycled aggregates, it is
found that recycled aggregates can also be used in unbound
base [16, 17]. +ese investigations provide a valuable ref-
erence for the application of recycled aggregates.

Previous work has demonstrated that recycled aggre-
gates have good geotechnical properties, and recycled ag-
gregates are not only widely used in the production of
recycled concrete [18–20], but also in the subgrade. Poon
and Chan [14] studied the load-bearing and compressive
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capacity of a mixture of recycled concrete aggregates and
brick; the CBR of the mixture is higher than 30% and can be
used for subgrade. O’Mahony et al. [21–23] also analyzed the
performance of recycled concrete aggregates applied to the
base and sub-base layers and obtained the resilient response
and permanent deformation characteristics of the recycled
filler. In Málaga, Spain, two roads were constructed by using
recycled aggregates made from construction waste, dem-
onstrating that the use of recycled materials instead of
natural materials is a real and appropriate alternative [24].
Agrela et al. [25] also carried out the research on the ap-
plication of recycled concrete and recycled brick to base and
analyzed the properties of different types of recycled ag-
gregates and natural aggregates, and found that the recycled
aggregates have sufficient mechanical properties and little
deformation.

+e application of construction waste construction waste
material to subgrade can not only reduce environmental
pollution but also alleviate the shortage of road material,
which has enormous economic and environmental benefits.
However, the previous research mainly focused on the basic
physical and mechanical properties and proposed guidelines
for the production and applicability of recycled aggregates.
+ere are few studies on road performance, the nature of the
recycled aggregates is different, and the composition of the
recycled filler is complex and the postconstruction settle-
ment of subgrade is difficult to predict and control [26]. In
addition to time-dependent creep deformation, changes in
the external environment are likely to have a large impact on
the long-term deformation of the construction waste sub-
grade, especially the immersion of water causes the particles
to be lubricated and softened [27–30]. +ese factors have
hindered the application of recycled construction waste
aggregates; it is urgent to investigate the long-term de-
formation characteristics and mechanism of recycled con-
struction waste filler.

+is paper is based on the eco-environment demon-
stration road in China, the Xi-Xian North Ring expressway,
which is the first large-scale project to use construction waste
on the expressway. +rough long-term deformation tests,
this paper seeks to understand the long-term deformation
law and internal mechanism of recycled construction waste
filler and to provide a reference for the design and con-
struction of construction waste subgrade.

2. Experimental Study

2.1. Materials. +e construction waste used in the subgrade
of the test section is mainly the construction demolition
waste, as shown in Figure 1. +rough preliminary classifi-
cation and removal of impurities, concrete, brick, and
mortar can be obtained, and then the sorted construction
waste is crushed into recycled aggregates (Figure 2); finally,
by mixing different kinds of recycled aggregates in appro-
priate proportion, the recycled construction waste filler can
be obtained.

+e recycled construction waste filler used in the test was
randomly sampled from the material field, and the com-
position of the recycled construction waste mixture is listed

in Table 1. +e recycled brick accounts for about 35% of the
total mass, the recycled concrete accounts for about 40% of
the total mass, the recycledmortar accounts for about 15% of
the total mass, and the other components account for about
10%.+e other components are mainly soil and broken brick
that cannot be separated.

+e water absorption and density tests are carried out on
three kinds of recycled aggregates as shown in Table 2. +e
water absorption of recycled brick is the largest, and the
recycled brick has the greatest impact on the water ab-
sorption of the mixture. +e density is higher in recycled
concrete.

2.2. Compaction Test. According to Engineering Standards
for Transportation Industry (JTG) E40-2007 [31], recycled
construction waste mixture is compacted in three layers.
After compaction, the inner diameter of the sample is
15.2 cm, the height is 12 cm, and the volume is 2177 cm3.+e
relationship between moisture content and dry density can
be obtained by the compaction test, and then the optimum
moisture content and maximum dry density are obtained, as
shown in Table 3.

2.3. Sieving Test. According to JTG E40-2007 [31], the dried
sample is sieved and the results are obtained, as shown in
Table 4. It can be seen that the percent finer of the 2mm is
4.2%, the coefficient of uniformity (Cu) of the sample is 4.2,
and coefficient of curvature (Cc) is 0.83. +e Cu reflects the

Figure 1: Construction demolition waste.

Figure 2: Crushing treatment of construction waste.
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distribution of the particle size, when Cu is less than 5; it
means that the soil is uniform and the gradation is poor.
When Cu is too large, it means that the particles with the
middle size may be missing, which is the discontinuous
gradation. Cc is the index of the overall shape of the cu-
mulative curve; the standard requires that Cu is greater than
5 and Cc is between 1 and 3.+e Cu of the construction waste
filler before compaction is less than 5, indicating that the size
of the particles is uniform. From the result of the sieving test,
it is known that the content of coarse particles is relatively
large, the content of fine particles is too small to fill the pores
between the coarse particles, resulting in a large porosity, so
the gradation of the mixture is poor and cannot meet the
requirement of the subgrade, and the content of fine par-
ticles should be increased.

+e recycled construction waste mixture is compacted in
three layers, and the sample is sieved according to the upper,
middle, and lower layers. Figure 3 shows the comparison of
the sieving tests before and after compaction. Cu and Cc of
the recycled construction waste mixture increase, and the
index of lower layer is higher than the middle layer and the
upper layer. Cu of the three layers after compaction is greater
than 5, Cc is between 1 and 3, and the gradation is good,
which satisfies the requirements of the subgrade filler.

2.4. CBR Test. CBR can indicate the ability of subgrade to
resist deformation. According to JTG E40-2007 [31], de-
tailed CBR tests were carried out. Recycled construction
waste mixture was prepared based on the optimummoisture

content obtained by compaction test, and samples were also
compacted in three layers. +e compacted samples were
immersed in water for 4 days and nights and measured the
swelling capacity. Finally, the penetration tests were carried
out.

+e minimum CBR value of subgrade filler is required
according to JTG F10-2006 [32], as shown in Table 5, and
results of the CBR tests are shown in Table 6. It can be seen
that the CBR value of the recycled construction waste
mixture is 97.66%, which meets the requirements of sub-
grade, and the amount of swelling can be ignored.

2.5. Creep Test. Postconstruction settlement often takes
several months or years. In order to study the long-term
deformation characteristics of subgrade under saturated

Table 1: Composition of the recycled construction waste filler.

Sample Brick slag (%) Concrete slag (%) Mortar slag (%) Others (%)
Sample 1 33 44 14 9
Sample 2 35 45 13 7
Sample 3 34 35 20 11
Sample 4 36 34 20 10

Table 2: Test of density and water absorption.

Recycled aggregates Recycled concrete Recycled mortar Recycled brick
Density (g/cm3) 2.57 2.01 1.61
Water absorption (%) 2.4 11.1 21.5

Table 3: +e optimum moisture content and maximum dry density.

Optimum moisture content (%) Maximum dry density (g/cm3)
First group Second group Average First group Second group Average
10.8 11.4 11.1 1.66 1.64 1.65

Table 4: Results of the sieving test.

Size (mm) Percent finer (%) Size (mm) Percent finer (%)
60 100 2 4.2
40 62.2 1 3.9
20 33.6 0.5 2.5
10 10.6 0.25 1.8
5 7.2 0.075 0.8

10 1 0.1 0.01
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Figure 3: Comparison of the sieving tests before and after
compaction.
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conditions, the consolidation creep instrument that can
allow samples to be immersed in water for a long time is
designed (Figure 4). +e instrument consists of loading
platform, anti-inclination device, bearing plate, steel sheath,
dial gauge, and bracket. For convenience, the test directly
uses heavy objects to load and the devices are all made of
structural steel to meet the requirements of test loading.

According to the compaction of the subgrade, samples
are prepared. +e thickness of construction waste subgrade
is 3.54m, five load levels are considered to simulate the load
at different depths of subgrade, and five samples are thus
prepared. According to the weight of the pavement layer, the
first level load is calculated to be 38.59 kPa, and loads of
other levels are calculated according to the weight of recycled
mixture, as shown in Table 7.

+e test operation is as follows: firstly, put the samples
into the steel sheath and add water to the steel sheath to
immerse the samples. After 48 hours, the samples are con-
sidered to be saturated and then install the dial indicator to
record the deformation data. Finally, weigh the required load
and apply the load on the loading platform once (Figure 5).

After applying the load, the instantaneous deformation is
recorded, and deformation is recorded three times a day
within five days, once a day from 5 days to 3months, once
3 days from 3months to 6months, and once a week after
6months. In order to keep the sample saturated, it is nec-
essary to add water to the steel sheath regularly.

3. Results and Discussion

3.1. Analysis of Creep Test. +e laboratory creep test is
conducted for about 500 days, which is conductive to reveal
the long-term deformation mechanism of recycled con-
struction waste filler. +en, the samples are unloaded, and
the loading and unloading curves can be obtained, as shown
in Figure 6, and the strain at different stages is shown in
Table 8. Under saturated conditions, the creep type of the

samples belongs to stable creep and the creep deformation
gradually stabilizes with time.

In order to study the performance of construction waste
filler applied to subgrade, coarsely granular slate filler and
coarsely granular red sandstone filler are selected for
comparison [33, 34]. Slate has high strength and durability
and is mainly distributed in northern China. +e red
sandstone has the characteristics of progressive disintegra-
tion; with the influence of the external environment, its
structure will gradually degenerate, the strength will be lost,
and it is widely distributed in southern China. Figure 7
compares the results of one-dimensional compression creep
test of three kinds of fillers. Both slate samples and con-
struction waste samples are saturated, and the water content
of red sandstone samples is the optimum moisture content.
+e creep deformation trends of construction waste samples
and slate samples are similar under saturated conditions; in
the early stage, the deformation increases sharply. Under the
load of 100 kPa, the deformation of the construction waste
sample is about 15 times that of the slate sample and the
creep deformation of slate sample is lowest among others.
+e deformation of the red sandstone samples is smaller
than that of the construction waste sample, but recycled
aggregates such as recycled brick slag and recycled mortar
slag are softened under saturated conditions, and the
presence of water also reduces the friction between the
particles, accelerates the slippage and rearrangement of the
particles, and increases the creep deformation [27–30].
+erefore, it is difficult to compare the creep properties of
the two fillers under different test conditions.

After adding the load, the sample produces a large in-
stantaneous deformation. As the load increases, the degree of
breakage and filling of particles increases and the level of
instantaneous deformation is also higher. According to Table 8,
the instantaneous strain under different loads accounts for
92.69%, 88.65%, 86.20%, 83.25%, and 82.56% of the total strain,
respectively. Instantaneous strain accounts for more than 80%.

Table 5: Requirements of minimum CBR and maximum particle size for subgrade fillers.

Position of filler application
(below the top of roadbed) (m)

Minimum CBR (%)
Maximum particle

(mm)Expressway and first class
highway

Second class
highway

+ird and fourth class
highway

Fill
subgrade

Upper roadbed
(0–0.30) 8 6 5 100

Lower roadbed
(0.30–0.80) 5 4 3 100

Upper embankment
(0.80–1.50) 4 3 3 150

Lower embankment
(>1.50) 3 2 2 150

Cut
subgrade

0–0.30 8 6 5 100
0.30–0.80 5 4 3 100

Table 6: Results of the CBR test.

Compaction work (kJ/m3) Sample Swelling capacity (%) Average (%) CBR value (%) Average (%)

2677.2
Sample 1 0.0108

0.0097
96.49

97.66Sample 2 0.0167 97.64
Sample 3 0.0017 98.85
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In order to reduce the settlement of the subgrade, the com-
paction during construction should be strictly checked.

Creep deformation of construction waste filler includes
decelerated creep stage and stable creep stage, which takes a
long time. By processing the data (removing the instantaneous
deformation), the relationships between creep deformation
and time are obtained (Figure 8) and the curve of deformation
rate and time is also given (Figure 9). At the beginning of the
deformation, the creep rate is faster due to the breakage of the
particles and the filling of the pores and the mixture gradually
becomes dense and the creep rate becomes slower.+e recycled
construction waste filler belongs to coarse aggregates, referring
to the creep stability standard of the rockfill [35–38].When the
deformation of the recycled construction waste is not more
than 0.0001mm for one hour, the creep reaches the stability

standard. +e creep stability time of samples is approximately
40 h, 40h, 42h, 180h, and 200h, respectively, as the load
increases, not only the creep deformation increases, the time to
reach creep stability is also longer.

+e observation of deformation of construction waste
sample after unloading facilitates an in-depth analysis of the
creep characteristics. Table 9 lists the proportion of different
types of deformation to total deformation after the creep test.
It can be found that the plastic deformation of the con-
struction waste filler accounts for about 95% of the total
deformation, and the elastic deformation accounts for a
small proportion, including instantaneous elastic de-
formation and delayed elastic deformation.+e construction
waste filler is mainly composed of recycled concrete, recy-
cled mortar and recycled brick. Recycled aggregates are

150
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Dial gauge
and bracket
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Loading platform

50
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100

12
cm

2

15.2cm

Figure 4: Consolidation creep instrument.

Table 7: Applied load.

Load level Load (kPa) Simulated subgrade depth (m)
1 38.59 0.000
2 55.14 0.885
3 71.68 1.770
4 88.22 2.655
5 104.76 3.540

(a) (b)

Figure 5: Test operation process: (a) adding water and (b) applying load.
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Figure 6: Creep deformation of the samples: (a) 38.59 kPa, (b) 55.14 kPa, (c) 71.68 kPa, (d) 88.22 kPa, and (e) 104.76 kPa.
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squeezed to each other to generate stress concentration, and
the breakage of particles causes irreversible deformation. In
particular, the unloaded samples are sieved. It is found that
the sieving curves under different loads varied greatly be-
tween 2mm and 0.25mm (Figure 10). It can be clearly seen
that as the load increases, the percent finer of particles
smaller than 2mm is significantly increased, that is, for
construction waste filler, the breakage and compaction of
particles are the main reasons for long-term deformation
[39, 40]. Table 10 lists the Cc and Cu of different loads, and
they are between the middle and lower layers after com-
paction. +e content of fines is increased, and the filler after
the creep test still meets the requirements of grading.

3.2. Creep Model and Parameters. From the results of the
creep test, it is known that the creep deformation of recycled
construction waste filler gradually stabilizes with time, and
the creep type belongs to stable creep. Burgers model is a
series of the Kelvin model and the Maxwell model, which is
especially suitable for describing the deformation charac-
teristics of stable creep. +erefore, Burgers model is used to

calculate the creep deformation of the construction waste
subgrade filler, and the creep constitutive equation is as
follows:

Table 8: Strain at different stages.

Load
(kPa)

Loading test Unloading test
Instantaneous strain

(%)
Creep strain

(%)
Total strain

(%)
Instantaneous elastic strain

(%)
Delayed elastic strain

(%)
Plastic strain

(%)
38.59 1.562 0.123 1.685 0.059 0.019 1.608
55.14 1.597 0.205 1.802 0.056 0.035 1.711
71.68 1.646 0.264 1.910 0.045 0.037 1.827
88.22 1.648 0.331 1.979 0.040 0.034 1.906
104.76 1.696 0.358 2.054 0.041 0.034 1.980
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Figure 7: Results of the one-dimensional compression creep test of
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where σ is the stress; ε is the strain; t is the time; E1, E2, η1
and η2 are model parameters.

Solve the differential equation, and the following result is
obtained at σ � σ0:
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where σ0 is a certain stress.
+e least square method is used to fit creep data of

recycled construction waste samples. +e fitting results are
shown in Figure 11, and the fitting parameters are listed in
Table 11. +e fitting results are close to the measured results

in shape and quantity, and the correlation coefficient exceeds
0.97, which shows that the Burgers model can accurately
predict creep deformation.

3.3. Analysis of Postconstruction Settlement. +e field set-
tlement measurement not only facilitates in-depth analysis
and prediction but also provides guidance for the application
of construction waste subgrade. +e settlement measure-
ment uses the static force levels, and they are placed on the
top and bottom surfaces of subgrade. +e settlements of top
surface of subgrade and foundation are monitored sepa-
rately; through these two parts, the settlement of subgrade
layer can be obtained. +e monitoring points are set at the
shoulder, lane, and centerline of the road as shown in
Figure 12.+e six monitoring points complete the long-term
deformation measurement inside the subgrade.

Table 9: +e proportion of different types of deformation to total deformation.

Load (kPa)
Proportion

Instantaneous elastic deformation (%) Delayed elastic deformation (%) Plastic deformation (%)
38.59 3.48 1.14 95.38
55.14 3.09 1.93 94.98
71.68 2.38 1.93 95.69
88.22 2.03 1.72 96.25
104.76 1.98 1.66 96.36
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Figure 10: Sieving curves after the creep test.

Table 10: Cc and Cu indicators of construction waste samples.

Condition Cc Cu

After creep test

38.59 17.5 2.6
55.14 17.8 2.7
71.68 18.1 2.7
88.22 18.2 2.8
104.76 18.4 2.9

After compaction
Upper layer 14.2 2.5
Middle layer 17.1 2.6
Lower layer 18.7 2.9
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Figure 11: Fitting results of Burgers model.

Table 11: Fitting parameters of the Burgers model.

σ0 (kPa) E1 (kPa) E2 (kPa) η1 (kPa·h) η2 (kPa·h) R2

38.59 1.1907e4 23.1414 3.4448e7 0.0083 0.9959
55.14 3.1521e5 31.1933 2.3275e7 0.0132 0.9915
71.68 6.0388e4 38.0613 3.8368e7 0.0183 0.9896
88.22 2.5964e5 45.2304 4.2361e7 0.0235 0.9809
104.76 7.6027e5 52.5173 5.6952e7 0.0274 0.9789

8 Advances in Civil Engineering



+e field settlement measurement starts from the
completion of the subgrade, and themeasurement results are
shown in Figure 13. During the observation period, the
settlement of different locations of the subgrade is different,
but the trend is similar. +e left lane has the largest set-
tlement, the maximum accumulated settlement is 38.2mm,
the cumulative settlement at the right shoulder is the
smallest, which is 32.21mm, and the maximum difference is
5.99mm. +erefore, in the road with a width of 34.5m, the
settlement is relatively uniform.

In order to compare the settlement deformation of
construction waste, slate, and red sandstone fillers, the
settlement of unit height at the centerline of the subgrade is
analyzed, as shown in Figure 14. +e red sandstone filler has
the largest settlement, and the slate filler has the smallest
settlement. In the early stage, the settlement of slate and red
sandstone subgrade changes greatly, while the settlement of
construction waste subgrade is relatively stable. Slate and red
sandstone fillers are the mixture of soil and stone, the
construction waste filler is composed of recycled concrete,
recycled brick, and recycled mortar, and the particles are
embedded. Unless the particles break up, the filler is not easy
to deform. In the later period, due to the influence of the
external environment, there will be a gradual stabilization
process. In general, the settlement of construction waste
subgrade is smaller than that of red sandstone, and the
promotion of construction waste is in line with the concept
of sustainable development.

+e settlement law of construction waste subgrade is
quite different from other fillers. As can be seen from
Figure 13, from the beginning of the observation to De-
cember 2015, the settlements of different monitoring points
are 2.55mm, 3.05mm, 3.07mm, 3.01mm, and 2.64mm.
After December 2015, settlements of the monitoring points
are 34.07mm, 34.15mm, 33.37mm, 33.35mm, and
29.57mm accounting for 93.04%, 92.02%, 91.58%, 91.72%,
and 91.80% of accumulated settlement during the whole
monitoring period; that is, the operation of the road has an
important impact on the subgrade settlement. Figure 15
shows the relationship between settlement rate and time. At

the beginning, the settlement rate increased slightly. After
the road was opened in December 2015, the subgrade set-
tlement increased sharply. On the one hand, high-speed
vehicles generate a dynamic impact on the filler; under this
repeated load, the recycled aggregates rub against each other,
which leads to angular breakage and irreversible plastic
deformation. On the other hand, changes in the temperature
and humidity of the subgrade, such as the freeze-thaw cycle
and the dry-wet cycle, have a certain effect on the filler. +e
settlement rate is the highest in winter, the temperature at
night is low, the subgrade is exposed to sunlight during the
day, and the filler produces the freeze-thaw cycle damage.
We have conducted some study on the performance of
construction waste filler under freeze-thaw cycles [40].
Specifically, CT scan is used to observe the construction
waste samples under different freeze-thaw cycles, and the
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Figure 12: Settlement monitoring points of subgrade: (a) vertical layout chart; (b) plane layout chart.
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black parts represent the pores of the filler. Figure 16 shows
the development of the pores under different freeze-thaw
cycles. As the number of freeze-thaw cycles increases, the
particles are angularly broken, and the broken parts are filled
in the large pores to increase the compactness. In addition,
as can be seen from Figure 15, the peak interval of settlement
rate is about 1 year, the second peak is significantly lower
than the first peak, and the third peak is not obvious, in-
dicating that the subgrade settlement is basically stable.

For subgrade engineering, it is considered that the part
away from the slope protection is subjected to one-di-
mensional confinement compression. +e parameters ob-
tained from laboratory test results can be used to predict

settlement of the embankment. Further, the relationship
between laboratory test and field measurement can be an-
alyzed. Based on the laboratory test, this paper uses the layer-
wise summation method to calculate the settlement of the
subgrade. Since the five load levels used in the test corre-
spond to different thickness of the subgrade, the subgrade is
layered according to Figure 17 and the specific settlement
calculation formula is as follows:

S � 
4

i�1
ΔSi � 

4

i�

ε σi, t( Hi � 
4

i�1

ε σiupper, t  + ε σilower, t( 

2
Hi,

(3)

where S is the calculated settlement, i is the number of layers
of subgrade, ΔSi is the settlement of the i layer, ε(σi, t) is the
strain of the i layer, Hi is the height of the i layer, ε(σiupper, t)

and ε(σilower, t) are strains under the upper stress and the
lower stress of the i layer.

+e comparison between the calculation result of the
layer-wise summation method and the actual settlement is
shown in Figure 18. It can be seen that there are errors
between the prediction of embankment settlement based on
laboratory test and field measurement, and the following is
the analysis of the errors.

(1) Based on the parameters obtained from laboratory
testing results, the subgrade settlement is predicted by
the layer-wise summation method, it is assumed that
the different layers of the subgrade are constructed
together. However, the subgrade is filled and com-
pacted in layers. During the construction process, the
load on the lower layer gradually increases. When the
construction of the last layer is carried out, the lowest
layer has already withstood almost all the load,
resulting in most of the deformation. At the same time,
the rolling of large machinery during construction also
causes settlement deformation. +erefore, the calcu-
lated settlement is greater than field measurement.

(2) From the perspective of the settlement process, the
calculated settlement increases sharply in the early
period, and it gradually stabilizes with time. +e
calculated settlement is based on laboratory test and
the simulated state of laboratory test is often single.
In fact, the condition of the construction waste
subgrade is complicated and the external environ-
ment changes with time. For example, the humidity
of the subgrade may change from dry to saturated. It
is worth mentioning that the creep test of this paper
is carried out under saturated condition.+e samples
are already saturated before loading and the recycled
particles have been softened. When the load is ap-
plied, the particles are easily broken and the rate of
the slippage and rearrangement of the particles is
faster, that is, the settlement rate is faster and the
settlement deformation is greater. +e initial state of
the laboratory test is one of the most unfavorable
states, and it can be used to calculate the deformation
of the construction waste subgrade under this ad-
verse condition. However, after the subgrade is filled
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and compacted in layers, the recycled particles are
embedded and the settlement rate in the early stage is
small. Before the road is open, the settlement rate is
small. In the later stage, the filler is affected by the
external environment such as temperature and hu-
midity and the settlement rate exhibits a periodic
change. +e broken particles fill the pores and the
filler becomes denser. +e peak value of the settle-
ment rate decreases and subgrade settlement grad-
ually stabilizes.

In summary, the settlement calculation method has
certain errors, and there is a big gap between the laboratory

(a) (b)

(c) (d)

(e)

Figure 16: Development of the pores of construction waster filler: (a) 0 freeze-thaw cycles, (b) 10 freeze-thaw cycles, (c) 15 freeze-thaw
cycles, (d) 20 freeze-thaw cycles, and (e) magnified figures.
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test and the field measurement. In particular, the condition
of the laboratory test is single, but the subgrade changes with
time, and the subgrade settlement has a development pro-
cess. According to the laboratory test, the calculated set-
tlement will have a large error. Although the condition of the
laboratory test is one of the actual complex conditions, it is
helpful to understand the deformation mechanism of the
construction waste filler. Based on the creep test in the
saturated state, the maximum deformation of the subgrade
can be calculated. Finally, a correction coefficient can be
added to the layer-wise summation method to predict the
actual settlement, as shown in equation (4), but the settle-
ment process cannot be simulated. As shown in Figure 18 for
the correction of the settlement of the centerline, the cor-
rection coefficient for different positions of the subgrade is
listed in Table 12.

S′ � ψS, (4)

where S′ is the corrected settlement and ψ is the correction
coefficient.

4. Conclusion and Suggestions

In this paper, a series of laboratory tests and field mea-
surement are carried out to study the long-term deformation
characteristics of recycled construction waste filler.+emain
conclusions are as follows:

(1) +rough the compaction test, sieving test, and CBR
test on the recycled construction waste filler, the
basic physical and mechanical indexes are obtained.

+e compacted construction waste filler is well-
graded, and the CBR value is much higher than the
subgrade requirement. Recycled construction waste
mixture is a good subgrade filler.

(2) Under the test load, the creep type is stable creep.
Instantaneous deformation accounts for more than
80% of the total deformation, and the compaction of
the subgrade should be strictly checked during
construction. As the load increases, the creep sta-
bilization time increases gradually, and the pro-
portion of creep deformation also increases. +e
postconstruction settlement of the construction
waste subgrade cannot be ignored. After the creep
test, the plastic deformation accounts for about 95%
of the total deformation, the percent finer of particles
smaller than 2mm is significantly increased, and the
breakage and compaction of particles are the main
reasons for long-term deformation of construction
waste filler.

(3) +e subgrade settlement at different locations is less
than 40mm, and themaximum difference is 5.99mm.
+e subgrade settlement rate is slow from the com-
pletion of the subgrade to the application of the road.
After the operation of road, affected by external
factors such as vehicle load, humidity, and temper-
ature, the settlement rate exhibits a periodic change,
the peak value of the settlement rate gradually de-
creases, and the settlement deformation gradually
stabilizes. +e calculated subgrade settlement based
on the creep test has a large gap with the measured
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Table 12: +e correction coefficient for different positions of the subgrade.

Correction coefficient
Position

Left shoulder Left lane Centerline Right lane Right shoulder
ψ 0.62 0.64 0.62 0.61 0.54
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settlement, but it can be used to predict the subgrade
settlement under the most unfavorable state.
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[7] J. R. Jiménez, F. Agrela, J. Ayuso, and M. López, “Estudio
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recycled construction and demolition waste aggregate for
road course surfacing,” Journal of Transportation Engineering,
vol. 138, no. 2, pp. 182–190, 2012.

[25] F. Agrela, A. Barbudo, A. Ramı́rez, J. Ayuso, M. D. Carvajal,
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