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Pervious pavements have been advocated as a potential countermeasure to the urban heat island effect. To understand if pervious
pavements stay cooler than conventional pavements, the albedo of the pervious concrete must be understood. This study measured
the albedo of pervious concrete with different porosity. Four Portland cement concrete mixes were casted, using designed amounts
of sand to vary the porosity of the pervious concrete samples. The samples were sliced and the spectral reflectance and albedo of
the sliced samples were measured and analyzed. It is found that the albedo of pervious concrete decreases linearly with the increase
of the porosity. The albedo of a pervious Portland concrete varies from 0.25 to 0.35, which is 0.05~0.15 lower than the albedo of
conventional cement concrete. Due to this lower albedo, it should be cautious to develop pervious concrete to battle with urban
heat island unless the evaporation of pervious concrete is promoted to compensate the additional solar absorption caused by the

low albedo.

1. Introduction

Pervious concrete is mixed by eliminated most or all fine
aggregates from the mixture. Pervious pavements are used
to allow storm water to percolate through their cavities and
to recharge the groundwater. When percolating through a
pervious pavement, some amount of water may be retained in
the cavity. During the subsequent drying, the retained water
evaporates, possibly decreasing the pavement temperature.
Pervious concrete is thus advocated as a potential counter-
measure to mitigate the urban heat island effect (UHI) [1-3].

However, to use the pervious pavements as an UHI
mitigation effort, the designers must know if the thermal
properties of pervious concrete are favorable to help the per-
vious pavements stay cooler than conventional pavements.
Among these properties, the reflectivity, or the albedo, of
pervious pavements, is the most important factor because
the solar absorption is the product of the albedo and the
solar irradiance, which is the driven force to the variation of
the pavement temperature. While the porosity, evaporation,
strength, and design of pervious concrete have been reported
in many studies [1, 4-10], the solar reflectance of pervious

concrete attains limited attention [11]. Furthermore, pervious
concrete is prone to be clogged, which reduces the porosity
of pervious concrete over time. It is thus necessary to
characterize the albedo of pervious concrete and to estimate
the albedo varying with the porosity.

This study measures the albedo of pervious concrete
with a range of porosities. Four Portland cement concrete
mixes are cast with designed amounts of sand to control
the porosities. A spectrophotometer is used to measure the
reflectances of samples. The albedo and the porosity are
regressed, for a prediction of the albedo of pervious concrete.

2. Experiments

2.1. Sample Preparations. Four concrete mixes made with
Portland cement, water, and coarse aggregates were pro-
duced. Ordinary type I Portland cement was selected for the
experiments. The aggregate used was crushed limestone, with
asingle gradation from 0.5 cm to 1.0 cm. It had an absorptivity
of 0.55%, observed density of 2725.7 kg/m’, bulk density of
1452.1kg/m”, and a reflectivity of 0.42 (measured according to
ASTM E903-12 [12]). By weight, a cement/aggregate ratio of



1:4 was used. To obtain differential porosity of the pervious
concrete, the experiment used different amount of the fine
sand to vary the porosity of the mixture. The ratio of the
sand to the aggregate, in weight, was 0.1, 0.2, 0.3, and 0.4,
respectively. The sand was in white-brown color, with a
reflectivity about 0.45 (measured according to the ASTM
E903-12 [12]). Details regarding the mixed components are
tabulated in Table 1.

Selected mixtures were prepared by the use of a 0.05m’
rotating-drum mixer. The aggregate was firstly casted in the
mixer, and then the estimated absorbed water was spilled on
the aggregate for 1 min mixture to ensure that the aggregate
surface was wet. The cement was afterwards cast to the mixer
for another 1 min mixture with the wet aggregate. Finally, the
amount of the water needed for the desired water-to-cement
ratio was added to the mixer for another 2 mins mixture. The
concrete mixtures were cast in slender wood moulds with a
dimension of 150 x 150 x 860 mm®. All mixtures were placed
by lightly rodding 10 times in the three layers to ensure a
uniform compaction in each lift. Mixtures in the mould were
leveled by spatulas without any vibration compaction. They
were moved to an air-conditioned, foggy room with 20°C
and with more than 95% relative humidity for 3-day curing.
After then, they were demolded and the pervious concrete
blocks were restored in the air-conditioned room for another
25 days curing. Each cured block was drilled for six cores with
a diameter of 100 x 100 mm. The cores were vacuum-washed
to eliminate the drilling-left debris and then were submitted
to porosity measurement. The porosity of pervious concrete
¢ was determined by
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where w; (kg) is the sample weight under water, w, (kg)
is the oven-dry sample weight, p, (kg/m®) is the density
of water at room temperature, and V (m’®) is the volume
of the sample. The sample was oven-dried at 105°C for 1.5
hours and subsequently left to cool in room temperature
for measuring the oven-dry weight w,. The sample’s weight
w; was measured by submerging and stirring the sample
under water until the embedded air bubbles were completely
evaluated from the sample. To obtain the volume of the cored
sample, a Vernier Caliper was used to measure the length and
diameter of each sample three times. The average was taken
as the dimension of the sample.

2.2. Albedo Measurements. Some cored samples were sliced
to round-plane samples with a thickness of 0.5-1.0 cm, as
shown in Figure 1(a). Three representative slices were selected
for each mix, and a dense cement concrete slice sample was
also used. The aggregate of the dense sample was limestone,
but the water-to-cement ratio of the dense sample was
unknown. After slicing, each sample was vacuum-cleaned
and dried at room temperature for one day.

In total, 10 dry samples were subjected to spectral
reflectance measurements. We used the Spectrophotometer
Lambda 750 (Figure 1(a)) to measure the spectral reflectance
of each sample six times and we selected three measurements
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with close spectral reflectance. The reflective spectrum, R(A),
was a spectral curve showing the reflectivity to different
wavelength (A = 200 nm~2.5 ym) of irradiance. The corre-
sponding albedo, p, of a surface could be computed by

[MROYx TV dA
p="" , ()
MMMM

where A, = 200nm and A, = 2.5 um; I(A) is the spectrum
of solar irradiance reaching the earth surface, which can be
found at any textbook on the topic of solar radiation.

3. Results

Figure 2 shows the porosity of the samples with different
sand ratios. For a specific sand ratio, three samples are
tested. The measured porosity is different from the target
porosity in Table 1. Even for samples with the same mixture,
the measured porosity shows some deviations from the
targeted porosity because of experimental errors. Despite the
deviations, the average of the porosity of the sample decreases
linearly with sand ratio.

Figure 3 shows the measured reflective spectrums of
pervious concrete samples with different sand ratios and of
the dense sample. The dense concrete sample has spectral
reflectance of 0.35-0.40, which is the typical reflectivity of
Portland concrete [13, 14]. Reducing the fine aggregate (sand)
increases the porosity of the samples and thus decreases the
albedo of the samples. The same trend has been observed
by [11], which found pervious concrete pavement with a
solar reflectance index (SRI) of 14 and traditional concrete
pavement with a SRI of 37. The reason may be that the diffuse
radiation from a rough surface may return to the surface,
increasing the absorption and decreasing the reflectivity [15].
The photons entering the cavity are subjected to multiple
deflections, each of which attenuates the radiation and
decreases the reflection.

The reflectance of ultraviolet and visual lights decreases
more than the reflectance of infrared light. The reason for this
difference may be that the cavities at the surface of the sample
are absorptive to the ultraviolet and visual lights, which have
short wavelength. The cavity at a pervious concrete surface
can be analogized as a black hole. Once ultraviolet and visual
lights arrive in the cavities, they tend to be absorbed, without
an effective reflectance like aggregate surface and cement
matrix. In comparison, infrared light can be less absorptive to
the cavity because infrared light has longer wavelength than
ultraviolet and visual light. Adding sand reduces the cavity,
and the radiation reaching the sand tends to be reflected
proportionally to the reflectivity of the sand.

Pavement engineers are more interested in the albedo of
a pavement surface. Figure 4 plots the albedo of the pervious
concrete samples. The dense sample has a porosity of 0.07
and an albedo of about 0.39, representing the typical albedo
of the normal concrete [13]. The albedo decreases linearly
with the increase of the porosity. The slope of decreasing
is 0.51, meaning that an increase of 0.10 porosity would
reduce the albedo by 0.05. Pervious concrete has a porosity
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TABLE 1: Mix proportion.
. 3 L *
Number Sand ratio S w/c ratio Mix (kg/m’) Targe’s Dens1t3y
Cement Aggregate Sand WRA Water porosity (kg/m”)
1 0.10 0.28 243.03 1518.92 151.89 2.43 124.20 0.35 1701
2 0.20 0.28 245.89 1536.79 307.36 2.46 125.66 0.30 1737
3 0.30 0.28 248.81 1555.07 466.52 2.49 12716 0.25 1812
4 0.40 0.28 251.81 1573.80 629.52 2.52 128.69 0.20 1928

*The density was tested after the samples were fully cured.

(b)

FIGURE 1: Sliced samples prepared for spectral reflectance test. (a) Pervious concrete slices. (b) Spectrophotometer Lambda 750.
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FIGURE 2: Porosity and sand ratio.

about 0.15~0.30, which is 0.10~0.25 greater than the porosity
of conventional dense concrete. Accordingly, the albedo of
porous concrete is about 0.05-0.15 lower than the albedo of
dense concrete.

4. Discussion

Pervious concrete has been advocated as a potential counter-
measure to mitigate the urban heat island because pervious
concrete can hold rainwater in internal pores for evaporative
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FIGURE 3: Spectral reflectance, R (—), of the pervious concrete with
different sand ratio.

cooling during the dry, hot summer day. However, measure-
ments in field and in lab have shown that the evaporation
of the pervious concrete contributed very limitedly to the
evaporative cooling of pervious pavements, especially days
after wetting [4, 16]. Pervious concrete has higher surface
temperature than normal concrete during daytime but lower
temperature during nighttime [17, 18]. Pervious hot-mix
asphalt pavements have the highest predicted daytime surface
temperatures and lowest nighttime temperatures [19], in
comparison to pervious cement concrete and dense concrete.

The reason for this hot surface temperature observed
at pervious pavements is because pervious concrete has
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FIGURE 4: The albedo of pervious concrete with different porosity.

lower reflectivity and tends to absorb more solar radiation.
According to the slope in Figure 4, the albedo of pervious
concrete is about 0.05~0.15 lower than that of dense concrete.
Considering a typical summer day with a zenith solar radi-
ation of 1000 W/m?, the pervious concrete can absorb 50~
150 W/m” additional solar radiation. At midday in summer,
the evaporation of the dry pervious concrete contributes
about 33-47 W/m® or even lower to the heat loss of the
pervious surface [3, 16, 20]. Therefore, pervious pavements
tend to absorb additional heat compared to dense pavements.
This heat gained will heat up the pervious concrete surface
because this concrete has lower heat volumetric capacity and
lower thermal conductivity than dense concrete. Pervious
pavements thus stay hotter than dense pavements unless
the heat gained at the surface due to the low albedo is
compensated by the evaporation. Therefore, it is cautious to
develop pervious concrete to mitigate the urban heat island.
Increasing the albedo of pervious concrete may be
practically important to mitigate urban heat island on the
dimension of pavement engineering. As the reflectivity of
aggregates, binders, and voids contributes simultaneously to
the reflectivity of pervious concrete, increasing the aggregate
and the binder albedo may be the right engineered solution
to increase the albedo because the cavity needs to be kept at
a desirable level to drain the rainwater. Further experiments
are expected to measure the albedo of pervious concrete with
light-colored aggregates and colored cement in the mixture.

5. Conclusions

Pervious Portland concrete has an albedo of about 0.25~
0.35 at density of ~1700~1950 kg/m?, which is about 0.05-
0.15 lower than the albedo of the dense Portland concrete.
Pervious concrete albedo linearly decreases with the increase
of porosity because the cavities at the porous concrete surface
are absorptive. This low albedo results in an additional solar
absorption of 50-150 W/m during the midday in summer.
Therefore, it is cautious to develop pervious concrete to miti-
gate the urban heat island. Further experiments are expected
to measure the albedo of pervious concrete with high-
reflectivity aggregates and colored cement in the mixture.
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