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Investigating the Important Factors of Use and
Replacement of Thirsty Concrete Materials in Urban
Development

Cemil Atakara" and Hoda Ramezanit

Sustainable has recently become the favorite subject of many disciplines due to sustainable development.
Nowadays, due to the environmental problems of the construction industry, the development of materials,
products, and methods of construction, sustainable architecture leads to higher efficiency, better economic
cost, and environmental sustainability.

It can be supposed sustainable development means preserving nature also fulfil the human needs through
modern technologies. One of the goals of sustainable development is to construct with less energy
consumption and a long life that in this part, materials play an important role in content production. the
most important role that materials and structures can play is to help people survive natural disasters and
respect nature by using it properly. For example, in some areas, floods and rainfalls cause many Life and
financial damages, and on the other hand, some countries by consecutive droughts try to manage drinking
water. Meanwhile, it is claimed that with the help of smart materials, these wastes can be prevented and
using optimization of environment and renewable energy. Creating this harmony between man and nature
has given rise to a new challenge in many fields.

For this reason, this paper seeks to address the challenge of using thirsty concrete, a type of smart
material and sustainable architectural innovation, to coordinate between old, present and future structures.
Therefore, by using a qualitative method, these materials will be studied and some samples would be used,
followed by a quantitative method of analysis of the usage of these materials in Baris Park in Kyrenia

which is the intersection of historical place and contemporary one.
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1. Introduction

Porous, permeable, no-fines concrete is some of the names
of the thirsty concrete. The permeable pavement is a kind
of concrete with lots of holes and empty spaces inside and
it should be used in the flat works that let the precipita-
tions and other surface waters pass (Zhong & Wille 2016).

The 20 to 30 percent empty spaces in this kind of con-
crete has made it different from the kinds of concrete. In
addition, this criterion has made it to have the ability to let
880 gallons per minute to pass up to 36000 millimeters of
water per hour (Tarmac.com 2019).

By having this information using this material over the
common and traditional kind of concrete and material,
the accidents related to the running water can be pre-
vented, also by using the pervious concrete the ground
water and fresh storage can be enriched.

* Architecture Department, Faculty of Fine Arts, Design and
Architecture, Cyprus International University, CY

" Department of Architecture, Institute of Graduate Studies and
Research, Cyprus International University, CY

Corresponding author: Hoda Ramezani
(Hodaramezani127@gmail.com)

A great kind of storm can be handled every century if
the traditional concrete has the potential to penetrate the
water to the ground with the criteria of letting 300 mm of
water per hour to the ground due to the information from
Tarmac.com. Due to the existing information, hard mate-
rials have caused problems for nature, and using thirsty
concrete has shown that water sources could be preserved
much better compare to materials that are used normally.
Also in the rainy areas, the thirsty concrete helps the water
cycle and preventing the surface running waters to cause
damage.

Also by applying a decent drainage system the drained
surface water that has high speed and causes financial
stress, can be a long lasting solution. So that in this study
it is tried to find solutions for the old, recent and future
buildings in the expansion of the urban designs by the
help of the thirsty concrete.

2. General Problem

With the advent of urbanization and the need for mas-
sive construction, the use of building materials and urban
development has expanded, which has reduced the natu-
ral soil in cities and covered the ground with impermeable
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materials. Therefore, over the years, water has become a
major crisis around the world these days. Underground
cavities have been drained due to low water permeabil-
ity, and sometimes because of the im-permeability of used
materials, rain sometimes causes flood. Additionally, in
some areas, floods and rainfalls cause many Life and finan-
cial damages, and on the other hand, some countries by
consecutive droughts have a problem with a Water supply
crisis, which are the main reason disruption of the natural
cycle and healthy communication between human and
environment.

In the meantime, innovations have created materials
that, in addition to meet human needs, help to respect
the environment and the natural water cycle. Meanwhile,
it is claimed that with the help of some smart materials
that they called Thirsty Concrete or permeable concrete,
these wastes can be prevented and using optimization of
environment and renewable energy.

2.1. Research Problem

The Problems with the water cycle and the loss of life and
finances are evident due to lack of management of struc-
tures and many people are trying to protect humans from
natural disasters and respect for the environment but lack
of knowledge of technology uses, and materials for proper
infrastructure cause many communities still facing finan-
cial and health problems.

The problem that this article seeks to find is What is
the impact of thirsty concrete on reducing the damages
in rainy areas and how it can be helpful in collecting rain
water in the north of Cyprus, and also it is responsive the
challenges of creating harmony in structures with differ-
ent times (past, present, future) in the path of sustainable
architecture Organisation of the paper.

2.2. Research Question
Nowadays, the issue of environmental protection and
energy conservation for the next generations is all-perva-
sive, and most countries are trying to reduce energy con-
sumption by revising construction policies. But there are
very few countries that are thinking about restoring the
environment to health through water management. So
this article comes with some questions that are:

How can smart materials like thirsty concrete help the
natural water cycle?

2.3. Research Aim and Objective

One of the most urgent issues that every society thinks
about is the provision of drinking water. In addition to hot
and dry areas in some fertile areas, it is very difficult to
get fresh water supply, such that floods and heavy rains
in these areas, lead to deaths and financial losses. In the
event that organizes and used the potential of precipita-
tion can improve the water system. Therefore, this article
first attempts to address the challenges of using thirsty
concrete to coordinate the structure of the past, present,
and future, then it is trying by examining the using thirsty
concrete in Barig park which is located in North Cyprus
help to study on natural water cycle and the benefits of
this materials for improving people lives.
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2.4. Methodology

In this research, both qualitative and quantitative
methodology are collaborating. At the beginning by
Grounded theory will try to collect some information
about thirsty concrete and describe the characteristics,
then Correlational which is mostly observational in
terms of data collection try to analyze the case study.
Data are collected on each item and then relationships
are examined. Since the selected park is historical and
cannot be altered much and it has been suggested to
use thirsty concrete materials to improve the quality
this park, it will try to use the Correlational method and
assesses the impact of thirsty concrete on improving the
freshwater storage system in the park.

3. Literature Review

Nowadays architects and engineers are encouraged to use
green and eco-friendly materials for construction, due
to the energy crisis and the demand for green and clean
energy sources. Accordingly, the conventional materials
are examined from the life cycle, thermodynamic, carbon
dioxide release, and energy usage point of view and also
some other kinds of criteria (Vats & Vaish 2019). In civil
engineering, architecture and the construction industry
the material science innovations have always played an
important role. All these innovations not only decrease
the energy consumption and improve the life expansion
of the building and construction, but also improve the
Indore life quality, and sustainability of the building envi-
ronment (Shi & Wang 2019).

The idea of the urban environment sustainability has
brought up the scenario of the problems related to social
and environmental with the help of processes of fast-
growing global urbanization. It should be mentioned that
urban sustainability is used in many multidisciplinary
approaches (Kremer, Haase & Haase 2019). Assess various
concepts of land usage in a place where is growing and
expanding rapidly and illustrates the trade-off among the
urbanization and production of agricultural productions
in sustainable planning (Moein et al. 2018). Lee and Lim
(2018) determine the tools that are affected by the local
government policy choices to improve the ideas and con-
cepts of the cities, which are compact.

Due to the rapid cities’ urbanization, the majority of the
surfaces are covered with an impenetrable material such
as concrete, and this issue is affecting the surface water
table. So that for this problem the pervious concrete pave-
ments and pedestrians can have positive impacts on the
groundwater tables (Maguesvari & Narasimha 2013). The
pervious concrete (thirsty concrete) is used for covering
the pavements has revealed its potential to control the
free surface water (Brattebo and Booth 2003; EPA 2000).
This kind of concrete is a mixture of cement, granular col-
lection, some percentage of fine combined materials and
water (Maguesvari & Narasimha 2013).

Unfortunately, the huge amount of rain in the cities
cause damage and erosion to the surface water forms.
This material is a decent solution for the trees and plants,
which are planted in the paved lands, due to the lack
of water penetration to the soil when the impenetrable
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concrete is used for the pavements. By using the previous
kind of concrete, the water and air can penetrate easily to
the soil and the routes of the trees are able to function in a
decent situation, while the pavement surface can be used
in a proper manner (Lee et al. 2013).

The thirsty concrete was first used in 1852as a material
but it patented in 1980, and although it is not a new mate-
rial, its usage renewed attention (Grubesa et al. 2018). This
kind of concrete is also known as the porous or perme-
able concrete, which is classified by a large number of
connected holes, that the amount of them are between
15-30% with sizes between 2 to 8millimeter, and with
the water penetrability about 2-6 mm/s (Zhong & Wille
2016). The thirsty concrete, is consists of cement, water,
and granular aggregate, which can be consists of some
amount of fine aggregate or without it. due to the neces-
sity of the pore connectivity for the functioning of this
kind of concrete, the compassion for the pervious con-
crete is decreased due to the possibility of the paste of
cement creation at the lowest level that can end up in
the functionality or decreased proper strength of the
concrete. The asphalt and pervious concrete installation
are very much like each other, but the previous concrete
should be cured until reaching the desired power and can-
not be used immediately like asphalt (Grubesa et al. 2018).

It can be considered as one of the best environmentally
friendly construction materials that have been certified
by the environmental protection agency (EPA) for storm
water as the best practice management (BMP) (Maguesvari,
& Narasimha 2013).

The urban environment can be improved by using the
thirsty concrete due to its beneficial characters in the
pavements according to the U.S. EPA claims, that some of
them can be mentioned as follows:

1. Removing the water pollutants and helping the

water treatment.

2. Decreasing the need for the waysides as well as rain
sewers.

3. Increase in the slip resistance and improve the road
safeties.

4. Helping to refill the local aquifers.

The thirsty concrete pavements are a great tool to fulfill
the environmental issues and reach the green environ-
ment desires, due to its potential to letting the storm
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water to pass and letting it to enter the ground and refill
the water sources. It can help the storm water from run-
ning off and fulfill the U.S. EPA storm water regulation
(Lee et al. 2013). Due to the fulfilment, the standards, and
storm water regulations of the Federal Water Pollution
Control Act and the Environmental Protection Agency
(EPA) the interests of the thirsty concrete are renewed
(Zhong & Wille 2016). The thirsty concrete has a decent
drainage quality, and in the horizontal surfaces if it is con-
structed properly has the potential to improve the sur-
rounding soil and groundwater quality also prevents the
water from pulling away unlike other kinds of concrete
pavements. It has high noise absorption property, due
to its sponginess behavior. The other decent property of
the thirsty concrete makes it prevents the creation of the
heat islands that can be referred to as the urban tempera-
ture development within an urban area compared to the
rural and suburban areas. This character has the benefit
of reducing energy consumption for cooling the buildings
(Grubesa et al. 2018).

Ming-Gin Lee had discovered the thirsty concrete ability
for purifying and reducing the water pollution from sul-
phuric acid, motor oil, and artificial seawater. The diluted
sulphuric acid with the PH 2.0 after flowing through the
pervious concrete increased to an almost neutral PH of
7.0 (Bhuinyan et al. 2019). Unfortunately, thirsty concrete
despite its environmental benefits and potentials has a
weaker twisting and structural resistance capacity, due
to its limited bonding between the cementitious integ-
rity and aggregate materials. In the thirsty concrete, the
cement paste is a thin layer that should bind the cores
aggregates together, so that the compression resistance is
not high. Generally, the ratio between water and cement
in the concrete is an important factor for indicating the
compression resistance (Maguesvari & Narasimha 2013).

The limitation of usage in the highway and other high
traffic roads is the result of the low and poor mechani-
cal properties due to the limited strength of the pervi-
ous concrete, which is between 2.8—-28 MPa and flexural
strengths ranging between1 MPa and 3.8 MPa (Grubesa et
al. 2018). So that the thirsty concrete should be used only
in the light traffic areas, such as the parking lots and the
sidewalks. In addition, it should be considered the differ-
ence between the total from the effective sponginess of
the pervious concrete to predict its compression strength.
The effective porosity is used for predicting the hydraulic
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Figure 1: Summary of literature review.
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conductivity, that is smaller than the total porosity (Zhong,
& Wille 2016).

As Maguesvari has mentioned that decreasing in the
CA size, concrete compressive strength increases. In addi-
tion, replacing the CA percentage with FA can lead to
the increase in compressive strength, due to an increase
in the contact area. Flexural and split tensile strength
would be increased by means of the increase in the FA
percentage. The increase in the FA percentage and a
decrease in the size of the aggregates the permeabil-
ity would be decreased. The common uses can be men-
tioned as: (Tarmac.com, 2019) the residential low volume
roads, parking lots, Pavements, bike and pedestrian roads,
patios, tennis courts, road shoulders, decks of swimming
pools, alleyways and driveways, greenhouse floors, pave-
ment edge drains and gutters, hard standing for sports
facilities, underneath ground stabilization permeable
blocks Figure 1.

3.1. Case Study, Example

In Taiwan a studied on the pervious concrete has been
dine on a parking lot which was produced by of a 20 cm
pervious concrete layer on the surface following a 10 cm
gravel base layer, revealed that the compression strength
of the surface has exceeds the common concrete expec-
tations which is 17.15 MPa, also it should be mentioned
that the field permeability is around 1000 mL which is
equal 15 s. the permeability of the pervious concrete of
the top layer is reported that it is in a good condition, also
no crack on it has been reported (Lee et al. 2009). Also for
the 2008 Beijing Olympic, a vast area of parking lots to
sidewalks for the national stadium had been placed for

Atakara and Ramezani: Investigating the Important Factors of Use and
Replacement of Thirsty Concrete Materials in Urban Development

4 years, and no raveling or excessive cracking has been
reported (ACI 2002).

4. Case study, Kyrenia, Barig Park

Kyrenia, which is located in the North Cyprus Figure 2,
is well known for its castle and port. Lusignins ruled the
city after the ninth century, and due to its fortress, the
city became so famous and important. Venisians rebuilt
the fortress of Kyrenia in the fifteenth century but in the
1571, Ottomans took the control of the city. Today the city
with the population of 33,207 has become a cultural and
touristic source for the Kyrenia where is under the control
of the Turkish Cypriots (Sahin, 2011).

Kyrenia has a beautiful city park that is used by fami-
lies with children, old and young people. according to
the municipality of Kyrenia: Baris park by 11700 m? stab-
lish in 1994_1998 it was developed in 2006_2010. This
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Figure 2: Keyrenia in the North of Cyprus (En.wikipedia.
org 2019).
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Figure 3: Baris Park, Kyrenia (Kyrenia Municipality 2019).
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park using for festivals, ceremonies and because of some
facilities as a small zoo and playgrounds that a variety of
people use Figure 3.

Baris Park is near the Girne's bus station and the also
the place of the Wednesday market. In this park the pleas-
ant sound of the duck pound fountain can be heard, also
by strolling around the animals of the park zoo can be
attractive for the visitors. In addition, children can have
fun in the playground trampoline and carousel, further-
more the youngsters can gather around and enjoy them
accompany, while the senior citizens have the possibility
of playing backgammon and drinking coffee (Anas, D. and
Nisar, Z. 2017).

5. Evaluation of Using Thirsty Concrete in Case
Study

The urbanization of rural and slightly developed areas
creates an increase for impermeable surfaces due to the
construction of buildings and their supporting infrastruc-
ture. Increases in impermeable surfaces, with conven-
tional drainage systems and curbs directly connected to
surface drainage networks, will lead to high water flows,
resulting in higher flash flood risks, overwhelming the
existing infrastructure. the thirsty concrete as a Perme-
able surface management system can provide a way to
regulate surface water by absorbing and reducing the
flow of natural water.
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The approach is typically comprising of three layers;
permeable concrete as a surface layer, accompanied by
a continuous soil with a permeable sub-base aggregate.
This kind of concrete can charge surface water through
the worn layer to the underlying soil (or drainage system)
in order to act as a reservoir during heavy precipitation
times. It has a high vacuum content between 20-35 per-
cent, unlike traditional concrete. Permeable concrete The
maximum flow rate is 30 percent porosity with a compres-
sive and flexural strength of 10-20 N/mm? and 1.5-3.0
N/mm?, respectively. The scale and layout of the surface
depend on criteria, the site circumstances existing and
performance standards (Tarmac.com, 2019).

Given that the selected park has a large audience for
activities such as festivals, ceremonies, visiting the zoo and
play area and the use of restaurants and cafes, the other side
is made of thirsty concrete, has more porosity that causes
to break it under the much pressure, using this material in
whole park surface is impossible. According to observations
made during the day, the park’s low-traffic areas have been
identified and preferred to use thirsty concrete with appro-
priate subsurface where approximately 40% of the park’s
environment can be covered by these smart materials.

According to the rainfall statistics obtained from the
Meteorological Organization of Kyrenia, the rainfall was
546.2 mm last year (Kktcmeteor.org 2019), shown by the
blue colour in Figure 4.

crowded
Average

Slightly crowded

Figure 4: Analyses of Barig Park (By author 2019).
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Kyrenia is a rainy city that only three months are zero
rainfall and the rainiest month of last year was February by
171.8 mm/m?, total rainfall in this city was 509.3 mm/m?
Considering the 40% of space used for thirsty concrete in the
Barise Park 4.680 m? suggested for being covered. Since the
company claims that porosity in these materials is between
20% and 35%, it was attempted to study in the park with
two types of porosity, one with high porosity (35%) and one
with porosity 20% as shown in the Figure 5.

As the diagram illustrates Figure 6 for the two types
porosity of thirsty concrete, it can get the result that the
thirsty concrete percent porosity state passes all the avail-
able water from the precipitation, so there is no difference
between 20% and 35% probable concrete for using in the
park environment, but the important point is thirsty con-
crete does not have significant strength due to porosity,
and one of the disadvantages of this material is that it
starts to break if used in high-pressure paths, On the other
hand, high porosity causes the surface of the concrete to
get dirty and to clean it is another disadvantage of these
materials. Therefore, based on the information obtained
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from the analysis, it can be suggested to use thirsty con-
crete with a 25% porosity in the park to maintain greater
strength and durability in the environment.

Since it can be stored annually 24771.24 m® in 40% of
the park, the required infrastructure needs to be optimized
for greater efficiency. Multiple tanks at several points in
the park should be considered to provide more strength
for flooring with thirsty concrete and reduce the need for
installations to access stored water. Therefore, reservoirs
with a depth of 2.5 meters are considered to be installed
below surface of the park. For this purpose, suggesting a
reservoir within the zoo is intended for the service and
maintenance of animals and another reservoir near the
restaurants and cafes, and a larger reservoir is proposed
at the lower end of the park, with less commuting. gener-
ally, suggested a place in the park, is provided as a pool
with insulation in some areas to store fresh water to reach
the park users and some of them without insulation are
implemented to strengthen groundwater aquifers and to
improve the water cycle and compensate for the damage
to nature with modern inefficient construction Figure 7.
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Figure 5: Annual Rainfall of Kyrenia (Kyrenia meteorology 2019).
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Figure 6: The Saving of Water Stored by Thirsty Concrete, mm/m? (By author 2019).
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Figure 7: proposal coating with thirsty concrete (By author 2019).

6. Conclusion

Urban development has reduced soil in cities, and con-
struction with modern materials has covered a large area
of land with impermeable materials. Therefore, over the
years, underground cavities have been drained due to low
water permeability. Also sometimes due to the material's
permeability, rain causes floods. So water has become a
major crisis around the world these days. But in recent
decades, the discovery of thirsty concrete has partially
answered these problems. The Thirsty concrete, known
as porous concrete, is capable of actively controlling and
managing rainwater drainage and significantly reduces
the risk of surface floods and with the ability to pass over
water help recharge the aquifers. In this way, the amount
of water absorption of the pervious concrete, its level
of porosity does not have a significant effect on water
absorption. so that thirsty concrete with 25% porosity can
be used to eliminate the risk of fracture of these materials
due to high empty spaces and it can be used in most of the
spaces, including public or private spaces.

One of the concerns of architects and urban planners in
using new materials is to create harmony between past,
present, and future architecture and always tries to avoid
contradictions between constructions, which is one of the
advantages of using concrete for its modern appearance
that it can be easily used along with other materials that
had been used in the past, and this does not damage the
past structures. So coordinating the structure of the past,
present and future would not be a complicated task. And
even with the future development, these materials can

also be presented in block or desired forms to enhance
this apparent harmony.

The important and financial challenging points are that
the thirsty concrete substrate is more sensitive to modern
materials before it is used, and if it is used to help water
storage, also one of the strong points of the Thirsty con-
crete is that it plays the role of a basic water filter due to its
potential to neutralize some of the substances such as the
diluted sulphuric acid, as well by the water passing through
the three sub-layers of the thirsty concrete foundations, sig-
nificantly the need for water purification can be reduced.

So, if this type of concrete is used in most countries, in
addition to preventing floods and damages, it can reduce
many side costs and by having all the given information
the use of thirsty concrete in many countries, due to its
beneficial potentials seems not just helpful, but also
might be necessary.
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