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My presentation is in 3 parts. Firstly… , The last is the summary and future studies.



o
What is pervious concrete?

* Pervious concrete(PC) is consisted of the same raw materials
with conventional concrete(CC), but PC has:

» little or no fine aggregate
» narrow graded coarse aggregate
» 15%-35% porosity and 2-10 mm/s permeability
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So first of all, what is pervious concrete. Basically, compared to conventional concrete, pervious concrete has little or no fine aggregate and narrow graded coarse aggregate, so that the pore net work can be generated. A typical pervious concrete has about 15-35 porosity and 2-10mm permeability.


Benefits of pervious concrete

» Avoid waterlogging

» Reduce traffic noise

» Mitigate urban heat island effect
» Reduce storm water runoff

» Improve skid resistance
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But why pervious concrete?  Because pervious concrete has the potential to improve some issues resulted from the traditional impermeable pavement, like 1)…2)…3)…. 4  


L
Function 1: Permeability
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So, next I will talk about the multi-functions of the pervious concrete. obviously, permeability is the most basic and the most important property of the pervious concrete. This is the setup we developed for evaluate the permeability. Generally , we let the water go through the specimen from water pipe, we record the hydraulic head with time, through calculating, we can get the discharge velocity. then we can determine the permeability.



o
Function 2: Traffic noise reduction
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In terms of the traffic noise reduction. The porous concrete can absorb some noise from the traffic. we tested the sound absorption property by using the impedance tube, it’s a ASTM based method. We tested the asphalt concrete, conventional concrete and pervious concrete, we can see that the pervious concrete has  much higher sound absorption coefficient under different sound frequency.



Function 3: Friendly thermal properties

PCC=Portland Cement Concrete
PCPC=Portland Cement Pervious Concrete
AC= Asphalt Concrete

Specimens for testing

==

Ultraviolet lamp

11111111

Radiationfrom thermal source

D Temperature transducer

STEVENS INSTITUTE of TECHNOLOGY


Presenter
Presentation Notes
Next I am going to talk about,  the thermal behaviors of pervious concrete under solar radiation. We conducted laboratory simulation test to compare 4 commonly-used pavement materials, including the Portland cement concrete(PCC), Portland cement pervious concrete(PCPC) , asphalt concrete(AC) and open-graded friction course(OGFC). For all the specimens, temperature sensors were buried to measure the temperature of specimens. 
We used an ultraviolet lamp to simulate the solar radiation, and we monitored the surface and bottom temperature, we also monitored the ambient air temperature and temperature of sideward concrete block to see the thermal impact of specimens on ambient environment. We also conducted the tests under windy conditions.




o
Temperature response under radiation
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This is the results of temperature response under radiation. In terms of the surface temperature, AC is the highest, PCPC and PPC is slightly higher than PCC.
In terms of the ambient air temperature，concrete block temperature, we can see that PCPC and AC are much lower than PCC. 


55,
Temperature response under windy conditions
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* Insummary, compared with PCC, AC pavement, PCPC has
» lower surface temperature,
»less thermal impact to ambient environment,

» better cooling effect under windy conditions.
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These is the results under different windy conditions. Wind has cooling effect on the materials.  We can see that, with the increase of wind speed, the surface and bottom temperature reduction of PCPC, OGFC is much higher than AC and PCC, Which means they have better cooling capability in windy weather.  



>
Function 4: Air scrubbing with Photocatalytic TiO2
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Another function is to incorporate photocatalytic TiO2  in pervious concrete pavement to remove air pollutant from vehicle emmisions.
As is known, TiO2 can can decompose gaseous pollutants with the presence of sunlight. 
So this research conducted the laboratory simulation test, to see the efficiency of TiO2 incorporated pervious concrete in reducing toluene, trimethylbenzene(TMB) and nitric oxide, which are the major air pollutant from vehicle emissions. This shows the test process.


®
Reduction of NO

100% -
90% -
80% 1 - - -Empty chamber
04 S .
O 0,
g 6%y /S e
) |
-g "0 ——Ti02 treated PC
I
R A —
20% - J——
0% 4/ e
0% .-.-_';-_‘_,...—-T-:":-::'I:‘_“_’_ etk I_ - |

Elapsed time

PPC =plain pervious concrete with no TiO,

TCC =TiO, treated traditional concrete


Presenter
Presentation Notes
We can see that,  in 30 minutes  the TiO2 treated pervious concrete almost decomposed all the NO in the chamber. But for TiO2 treatd traditional concrete, the reduction is much lower and for plain pervious concrete the reduction is negligible.


Function 5: Vegetation-growing
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Pervious concrete can also be used for vegetation growing, especially in soil slope.
The most commonly-used method for slope protection is vegetating in grid beams, however, it is difficult for surface drain. If vegetating in pervious concrete, this can be addressed.


Vegetation-growing pervious concrete
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This research provides a successful design for vegetation growing, it should be noted that it is very important to add admixture to reduce the alkaline so that it is suitable for vegetation growing.


o
Summary and future studies

 Compared with the traditional pavement, pervious concrete
pavement has

» good permeability
» considerable sound absorption property
» more friendly thermal behavior to environment
» air scrubbing capability if treated with Photocatalytic TiO2
» potential in growing vegetation

* Future studies will focus on:
» how to improve strength and durability of pervious concrete?
» How to deal with the clogging problem of pervious concrete?
» how evaporation influence the cooling effect of PC pavement?
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So to summarize…

And for future studies…
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Thanks!

Contact: weina.meng@stevens.edu
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Open graded coarse aggregate
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Strength and porosity 


Porosity test: Vacuum-submersion method
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Permeability test: Falling head method
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Thermal behaviors of specimens

Ultraviolet lamp
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This is the results of thermal behaviors of the specimens under radiation. In terms of the surface and bottom temperature, AC is the highest, PPC is the lowest, PCPC is slightly higher than PCC, this is mostly because of the albedo, and also somehow because of the specific heat capacity.
If we calculate the temperature differences between surface and bottom, we can obtain this figure, we can see that PCC is much much lower than anyone else, this is mostly because of the higher heat conductivity of PCC. Which means it can conducts heat more quickly to the bottom and store more heat. 


Specific heat capacity of pavement materials at 30 °C, unit: J/(kg-°C)
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If we calculate the heat absorbed by the specimens during radiation, by using the specific heat capacity and temperature variation,  we can see PCC absorb the most and PCPC absorb much less.  This is important, because during the temperature fall-period, which is the night for pavement, PCPC will dissipate less heat to the air, which can lead to a lower air temperature in the morning.



e
Traffic noise reduction: mechanisms
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In terms of the traffic noise reduction of pervious concrete, generally, it has two mechanisms, firstly it can reduce tire-pavement noise by  letting the air between the tire and pavement escape to the porous.   Secondly, it can absorb some noise from the traffic.   



Thermal impacts on ambient environment
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This are the results of ambient temperature.
In terms of the ambient air temperature, we can see that PCC is much higher than anyone else, others are close. For the concrete block temperature, it’s the same. This is mostly due to the albedo.
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