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To meet the needs of sponge city construction, based on the design method of mix proportion of green porous sponge ecological
concrete, the engineering performance of green porous sponge ecological concrete was studied with orthogonal experimental.+e
results show that the compressive strength of the specimens peaked at the 0.9% admixture of sponge; based on the optimal
admixture of sponge, the compressive strength of the specimens peaked at the 12% admixture of mineral powder; compared with
the ordinary concrete, the water-retaining property of green porous sponge ecological concrete is twice than ordinary, and green
porous sponge ecological concrete has high permeability and low evaporation; under the same external temperature, the
maximum temperature of concrete surface is lower than ordinary; and under three work conditions, the volumes of water going
through the green porous sponge ecological concrete, respectively, are 1.78 kg/(s·m2), 1.47 kg/(s·m2), and 1.62 kg/(s·m2), and the
value of second totally dry condition is minimum because of water blocking affection of the internal sponge. +e research results
will provide help for the infrastructure construction of sponge city and play an important guiding significance to promote the
construction of resource-saving and environment-friendly cities.

1. Introduction

With the acceleration of urbanization, the problem of urban
heat island effect is increasingly serious, which affects the
sustainable development of human society as well as the
stability of the Earth’s ecosystem [1–4]. Moreover, urban
expansion makes urban waterlogging disaster caused by
heavy rainfall in flood season become a problem to be solved
by urbanization construction [5, 6]. +e proposition of
sponge city provides an effective way to solve the problem of
heat island effect and urban waterlogging. Sponge city means
that cities, like a sponge, have good elasticity in the face of
environmental changes and natural disasters [7–10]. Rainfall
water can absorb water, seep water, store water, and purify
water and release and utilize the stored water when nec-
essary. Sponge city has many advantages, such as protecting
the original ecosystem of cities and well recovering the
damaged hydrologic cycle [11, 12].

Ecological concrete has a unique structure that can be
used for the construction of sponge city, so some scholars

conducted numerous experiments on ecological concrete.
Zhouyan [13] researched the performance of different in-
tensities of waste concrete as recycled aggregates. +e
compressive strength of ecological concrete with different
water absorptions of sand was tested [14]. Experimental
research on ecoconcrete uses incorporating cement, fly ash,
and GGBFS in [15]. +e performance of ecoconcrete made
from waste-derived ecocement was studied in [16]. Eco-
logical concrete is mainly used in water conservancy re-
vetment; considering the need for plant growth, more
scholars focused on the research on plant growing concrete.
Yilin and Liu [17, 18] expounded the application of eco-
logical concrete in water conservancy revetment by the
actual project. +e green concrete plant compatibility was
studied by Fujian agriculture and forestry university, the
grass seed selection principles of green concrete are sum-
marized [19]. +e University of California founded that the
drought resistance of grass which was planted on green
concrete with 150–300mm thickness is best [20, 21]. It
pointed out that the content of cement in ecological concrete
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has an important influence on the germination rate and
survival rate of Bermuda grass in [22]. At the same time,
pore structure is an important feature of ecological concrete.
Pore structure of LHP cement-based materials was inves-
tigated by isothermal calorimetry. It is also found that the
pore structure of SF-modified LHP cement concrete be-
comes finer and more complex as the SF dosage increases,
resulting in higher fractal dimension (Ds) values [23]. Pore
structure and fractal dimension (Ds) of concrete have been
discussed in [24]. Pore structure affects the frost resistance
and strength of concrete with different admixtures [25–28],
while the length of fiber also influences the pore structure of
concrete [29]. +e change of pore structure influences the
strength of concrete. Du [30] built an equivalent mechanical
model of the concrete mesoscopic unit with porous and
showed that porosity has a great influence on concrete
mechanics performance. +e relationship between com-
pressive strength and porosity of concrete was obtained by
the regression coefficient method [31]. Concrete strength is
not only affected by the porosity but also related to the pore
size distribution and pore shape [32, 33].

At present, in urban construction, ordinary concrete is
mainly composed of four basic materials, including water,
cement, sand (fine aggregate), and gravel (coarse aggregate),
and this concrete does not have the function of water ab-
sorption, water storage, water seepage, and water purifica-
tion and does not meet the needs of “sponge city”
construction. However, green porous sponge ecological
concrete is prepared by the single-graded aggregate, cement
and water as well as sponge particles in a certain proportion
and with a specific process. Its structure belongs to the
skeleton void structure, and the void part is filled by sponge
particles.+erefore, the porous sponge ecological concrete is
characterized by water absorption, water retention, sound
absorption, and noise reduction, but because of its large void
ratio, it has a number of excellent properties, but its low
strength is also a problem that needs to be solved. However,
adding some high-performance polyester fiber materials
(sponge) into the ecological concrete is researched in this
paper, and it can reduce waterlogging of sponge city on a
rainy day, but in high temperature, it can decrease the heat
island with water evaporation, and meanwhile, the strength
of the ecological concrete can be improved with sponge
hardened after loss water.

To sum up, the proposition of green porous sponge
ecological concrete combines with the concept of sponge city
and green building to study its performance and make
contributions to the construction and development of
sponge city. +erefore, the sponge concept of green porous
sponge ecological concrete enables cities to interact with
nature.

2. Materials and Method

Based on the study of the mix ratio of green porous sponge
ecological concrete, the engineering performance of green
porous sponge ecological concrete is studied. +e materials
used by green porous sponge ecological concrete include
cement, water, sandstone (coarse aggregate), sand, blast

furnace granulated ore powder, and high-performance
polyester fiber materials (hereinafter referred to as sponge).
+e optimal mix ratio is designed according to the filling
theory that is shown in Table 1; then just adding the sponge
directly, the optimal admixture of the sponge was deter-
mined with a series test.

However, the raw coarse aggregate is sandstone in the
Jiangxi region, and its performance meets the technical
specification for construction of highway cement concrete
(JTG old D40-2003) specification requirements. +e cement
uses ordinary Portland cement. +e high-performance
polyester fiber materials choose the speciation sponge with
good water absorption and water retention.

+e grain diameter of the sandstone is chosen by lab-
oratory test. Choose four different grain diameters, shown in
Figure 1. +e range of grain diameter divided into four
categories, respectively, are 4.75–9.5mm, 9.5–13.2mm,
13.2–16mm, and 16–19mm. +en, through the corre-
sponding testing and calculating the air voids of the four
conditions, the results are shown in Figure 2. Choose the
largest void rate of the sandstone because it can accom-
modate more sponge particles.

+e test method of compressive strength according to
relevant specifications and the test method of water reten-
tion, water permeability, and evaporation of the green po-
rous sponge ecological concrete are described in detail in the
next section.

3. Results and Discussion

3.1. Study on Mechanical Properties of Green Porous Sponge
Ecological Concrete. As a pavement material with a bearing
capacity, just like ordinary concrete, its strength is an im-
portant index to characterize its mechanical properties. It is
only on the basis of guaranteeing the strength that it is
possible to proceed with other physical properties. +e
concrete material studied in this experiment is mainly used
in park road and leisure square, and its strength requirement
is lower than that of the highway. However, in order to
improve its strength, after consulting a lot of literature, it is
determined to add an appropriate amount of blast furnace
granulated mineral powder in the concrete specimen, and
about 10% mineral powder is added to the specimen per
cubic meter.

3.1.1. Impact of Different Sponge Particle Contents on
Compressive Strength of Concrete Specimen. In this exper-
iment, the effects of three ages (7 d, 14 d, 28 d) and different
sponge particle contents on the compressive strength of
green porous sponge ecological concrete were studied.
During the test, the arithmetic mean value of 3 specimens in
each group was taken as the final measured value. If the
difference between one of the measured values and the
median value exceeds 15% of the median value, the median
value shall be taken as the measured value. If it exceeds 15%
of the median value, the test data of this group shall be
invalid and tested separately. +e test results are shown in
Figure 3.
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It can be seen from the results in the figure that there is a
certain relationship between the additive amount of sponge
and the compressive strength of specimen. When the amount
of sponge was increased at the beginning, the compressive
strength of green porous sponge ecological concrete increased
with the amount of sponge, but when the amount of sponge
increased to a certain extent, the compressive strength would
decrease contrarily.

3.1.2. Impact of Different Mineral Powder Contents on the
Compressive Strength of Green Porous Sponge Ecological
Concrete. In this experiment, the influence of different
mineral contents (4%, 8%, 12%, 16%, 20%) on the com-
pressive strength of porous sponge ecological concrete was
studied. During the test, the arithmetic mean value of 3
specimens in each group was taken as the final measured
value. +e test results are shown in Figure 4.

According to the test results, there is a certain rela-
tionship between the additive amount of ore powder and the
compressive strength of the specimen. When the additive
amount of ore powder is in a certain degree, the compressive
strength increases with the increase of the content of ore
powder. When the amount of ore powder continues to
increase, the compressive strength will decrease contrarily.

3.2. Study on Water Retention and Evaporative Cooling
Performance of Green Porous Sponge Ecological Concrete

3.2.1. Study onWater Retention Performance of Green Porous
Sponge Ecological Concrete. In order to study the water
retention performance of green porous sponge ecological
concrete, a group of porous concrete specimens of
30 cm× 30 cm× 10 cm and a group of ordinary concrete
specimens were formed in this experiment for comparative
study. After molding the specimens and curing for 7 days,
they were put into an oven to dry for 24 hours at a tem-
perature of 60°C and then soaked for 24 hours. Later, the
specimens were taken out and weighed. +e test results are
shown in Table 2.

As can be seen from the above table, the water retention
of green porous sponge ecological concrete is nearly twice
that of ordinary concrete, and the water retention of porous
sponge ecological concrete is relatively high.

3.2.2. Study on Cooling Performance of Green Porous Sponge
Ecologic Concrete. In order to study the cooling perfor-
mance of green porous sponge ecological concrete, a group
of porous concrete specimens (30 cm× 30 cm× 10 cm) and a
group of ordinary concrete specimens (30 cm× 30×10 cm)

Table 1: Designed mix ratio of green porous sponge ecological concrete.

Type Coarse aggregate Cement Water
Amount per unit volume (kg/m3) 1207 304 135

(a) (b) (c)

(d)

Figure 1: Different grain diameters of coarse aggregate: (a) 4.75mm, (b) 9.5mm, (c) 13.2mm, and (d) 16mm.
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were formed in this experiment for comparative study. After
the specimen was fully filled with water, the surface tem-
perature of the specimen was tested with an infrared
thermometer under the outdoor natural condition.

In the outdoor natural state, for 5 consecutive days, the
temperature was measured every 1 hour with an infrared
thermometer from 10 a.m. to 4 p.m., and three groups of
experimental data were measured each time and the average
value was taken. +e test results are shown in Figures 5 and 6.

According to the above seven figures, it can be known
that the green porous sponge ecological concrete has a large
number of connected voids, which can be connected with

the atmosphere, and at the same time, heat can be trans-
ferred through the voids under the solar radiation. Under
prolonged sunlight, the water stored in the porous sponge
ecological concrete can absorb a large amount of heat, and
then the water will evaporate and be lost through the void.
Repeating this process in the hot summer can take away a lot
of heat from the road, thus achieving the effect of cooling.

Green porous sponge ecological concrete pavement
structure has a good water-retaining material sponge and
heat conduction channel, which make the pavement
structure be able to carry out strong self-regulation and
balance of temperature, so there is usually no high-
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Figure 2: +e void rate of different grain diameters of coarse aggregate.
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Figure 3: Compressive strength of concrete specimens with different sponge contents on the 7th, 14th, and 28th day.
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temperature phenomenon in the pavement structure. In
addition, at the same temperature, the limit high temper-
ature of the surface temperature of green porous sponge
ecological concrete is lower than that of ordinary cement
concrete, so the internal temperature will also decrease
accordingly.

3.3. Study on Water Permeability of Green Porous Sponge
Ecological Concrete. In this section, in order to study the
cooling performance of green porous sponge ecological con-
crete, several groups of porous concrete specimens
(30 cm× 30 cm× 10 cm) and ordinary concrete specimens
were formed in this experiment. Due to some restrictions, four
rows of small holes were pricked on an oil bottle to carry out a
water permeability test, the block was covered with transparent
tape around, in order to prevent the water from flowing from
the sides of the block. +en, the rainfall time was controlled as
30 s to 100 s, the precipitation area was calculated as 0.0175m3,
water area was 0.06m2, and after repeating the test several
times, the permeable capacity of the two types of blocks was
finally determined.

During the test, two measuring tools (M1 and M2) were
used. M1 was to measure the water flow going through the
concrete specimen. M2 was used to measure the watering
amount in the corresponding time, simulate artificial pre-
cipitation for 30–100 s, and then estimate and analyze the
permeability of molded concrete specimens. +e test results
are shown in Table 3 and Figures 7-8.

According to Table 3 and Figures 7-8, there is an obvious
ponding area on the test block of ordinary concrete, which is
deep and almost has no water infiltration. After completing the

precipitation test, the base surface of ordinary concrete is dry.
After the completion of the test, the green porous sponge
ecological concrete has no surface ponding, the permeability is
faster, and the underside of the specimen is wet.

In order to further quantitatively study the water per-
meability of green porous sponge ecological concrete,
namely, to obtain the water permeability per unit area of the
porous concrete, in this test, multiple groups of porous
concrete specimens were formed, which were divided into
three working conditions (working condition 1: porous
concrete after curing for 7 days; working condition 2: dried
porous concrete after curing for 7 days; and working con-
dition 3: saturated porous concrete after curing for 7 days).
Among them, in the first and second working conditions,
three groups of specimens were formed, respectively; and in
the third working condition, two groups of specimens were
formed.

It can be seen from the above test results that after the
specimen was formed and naturally cared for 7 days, the
water permeability of the specimen under working condition
1 reached the maximum, and the permeable capacity under
working condition 2 was the minimum.+e specimen under
working condition 2 was dried. During the test, the sponge
particles contained in the specimen itself would lock part of
the water, so the relative permeable capacity was less than
that under working conditions 1 and 3. +e test results are
shown in Figure 9.

3.4. Study on Evaporative Properties of Green Porous Sponge
Ecological Concrete. In order to study the evaporative
properties of porous concrete specimens, several groups of
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Figure 4: Compressive strength of concrete specimens with different mineral powder contents on the 7th, 14th, and 28th day.

Table 2: Water retention of concrete.

Type After drying/kg After soaking in water/kg Soaking-drying/kg Water absorption per unit mass
Porous sponge ecological concrete 14.408 15.034 0.626 0.0434
Ordinary concrete 21.122 21.588 0.466 0.0221
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Figure 5: Temperature variation curve at different times on different days. (a) Temperature variation of porous sponge ecological concrete
on the 1st day. (b) Temperature variation of porous sponge ecological concrete on the 2nd day. (c) Temperature variation of porous sponge
ecological concrete on the 3rd day. (d) Temperature variation of porous sponge ecological concrete on the 4th day. (e) Temperature variation
of porous sponge ecological concrete on the 5th day.
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Figure 6: Temperature variation curve at 11 : 00 and 14 : 00 within 5 days.

Table 3: Water retention of concrete.

Type Watering amount M1/kg Permeable capacity M2/kg Water absorption of specimen/kg
Dried ordinary concrete 14.644 0 Specimen surface ponding 0.8 cm
Dried porous concrete 9.116 9.888 0.378

(a) (b)

Figure 7: Ordinary concrete specimen after the test. (a) Specimen surface ponding is about 0.8 cm after the test. (b) +e other side of the
specimen is dry after the test.
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porous concrete specimens and ordinary concrete speci-
mens were formed for comparative study. After the speci-
men was cared for for 7 days, it was put indoor to dry
naturally for 24 hours, and then put into an oven to dry at
60°C. +en, it was immersed for 12 hours and put into the
even at 40°C and 50°C, respectively. It was weighed before
putting into the oven for 10 hours, then it was weighed again
every 30 minutes, and the water loss was determined
according to the mass difference. +e test results are shown
in Figures 10-11.

According to the test results and the relationship diagram,
it can be known that after the fully immersed specimens were
dried in the oven for 10 hours, the water loss evaporation
capacity of green porous sponge ecological concrete was
smaller than that of normal concrete at different temperatures.
As the sponge particles added to the porous concrete locked
part of the water and due to the continuous space structure, it
also indicated that the water retention performance of porous
concrete was relatively good. So, it can reduce the temperature
of the road in hot weather.

(a) (b)

Figure 8: Ordinary concrete specimen after the test. (a) Specimen surface ponding is about 0.8 cm after the test. (b) +e other side of the
specimen is dry after the test.
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Figure 9: Average water permeability per unit area per unit time under different working conditions.
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3.5. Economy and Environmental Protection of Green Porous
Sponge Ecological Concrete. In order to study the evaporative
properties of porous concrete specimens, several groups of
porous concrete specimens, one of the advantages of green
porous sponge ecological concrete is that it uses less cement, so
as to reduce CO2 emissions in the air. In order to quantitatively
study its economic and environmental performance, a park

footpath with a length of 50m, a width of 1m, and a pavement
thickness of 0.1m is built for comparative study.

According to relevant information, it can be known that
the CO2 emission of 1 t cement is 653.38 kg [4]. +e cost of
1 t ordinary cement is 635.5 yuan. +erefore, a comparative
calculation is carried out. Table 4 shows the calculation
results:
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Figure 10: Average water evaporation per unit mass per unit time under different working conditions (40°C).
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It can be seen from the calculation results that, in
comparison, 0.47 t cement can be saved by using green
porous sponge ecological concrete, 298.685 yuan was saved,
and 307.09 kg CO2 emissions were reduced.

4. Conclusions

(1) +rough the test, it was found that after adding dif-
ferent sponge particle contents with the same grain size
to the green ecological concrete porous sponge, the
compressive strength of green porous sponge ecolog-
ical concrete increased with the increase of the sponge
additive amount, but when it increased to a certain
degree, the strength of the concrete reduced with the
increase of the amount of sponge. +e optimal ad-
mixture of the sponge was 0.9%. Based on the optimal
admixture of sponge, the compressive strength of the
specimens peaked at the 12% admixture of mineral
powder and its compressive strength is 31.1MPa, while
the “Specification for Design of Highway Cement
Concrete Pavement “(JTG40-2011) requires that the
compressive strength of highway cement concrete
pavement is more than 25MPa, so this concrete has
enough strength.

(2) +e water-retaining property of green porous sponge
ecological concrete is more than twice as ordinary
concrete, and its cooling performance and water
permeability are also better than those of ordinary
concrete. As the concrete pavement material, its
water retention capacity is 6.96 kg/m2; the velocity of
water permeability is 1.78 kg/s/m2, due to the water
blocking affection of the internal sponge with porous
concrete, its water evaporation is smaller than or-
dinary concrete, it can help to reduce the temper-
ature of the pavement.

(3) +e CO2 emissions of each ton of cement are about
1.53 g/t, while compared with ordinary concrete, the
green porous sponge ecological concrete greatly
reduced the cement content and CO2 emissions, so it
is very environmentally friendly and economical.

To sum up, the green porous sponge ecological concrete
has a good engineering performance, and it can provide help
for the infrastructure construction of sponge cities and play a
guiding significance to promote the construction of re-
source-conserving and environment-friendly cities. Mean-
while, it also gives play to great social and economic effects in
energy conservation and environmental protection and
ecological construction, and it can be better applied in the
concrete pavement design and ecological purification system
in sponge city construction, so it will become the main
environmental protection material in the construction of
“sponge cities.”
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