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The environmental damage caused to the planet is largely due to the pollution left behind by
the misuse of debris, a large ecological footprint, the deforestation of important spaces due to
the need to build, and bad practices within civil engineering. It is known that this problem
is worldwide, but the most appropriate in our context and analysis is to focus on Colombia.
A secondary objective of this article is to raise awareness and provide possible solutions to a
problem as extensive and complicated as pollution. At the end of reading the article, it will be
shown that this problem does not only affect a few people but the country in general.
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El dafio ambiental provocado al planeta se produce en gran medida por la contaminacién
que deja la mala utilizacién de escombros, una gran huella ecoldgica, la deforestacion de
espacios importantes por la necesidad de construir, y las malas practicas dentro de la ingenieria
civil. Se sabe que esta problemadtica es a nivel mundial, pero lo mds adecuado en nuestro
contexto y andlisis es centrarse en Colombia. Un objetivo secundario de este articulo es la
concientizacion, y dar unas posibles soluciones a un problema tan extenso y tan complicado
como lo es la contaminacién. Al finalizar de leer el articulo se mostrard que esta problematica
no afecta solo a unos cuantos sino al pafs en general.
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Introduction

The general purpose of this writing is to talk about
the pollution produced by the bad use of debris and the
importance of having an ecological approach in the daily
work of the Civil Engineer (Sruti, Anju, Sunil, & Shrihari,
2014; Zuo, Rameezdeen, Hagger, Zhou, & Ding, 2017).
Pollution is so great that it is necessary to make a
worldwide assessment of the magnitude of the damage
done to the planet, a topic that this paper will not address
to be so extensive (Sigler, 2014). Therefore, we will
talk mainly about Bogotd and the engineering practices
that are affecting the environment (Blanco etal., 2014;
Franco, Segura, & Mura, 2016).

The body of this article was worked with different
approaches that complement each other to reach the same
conclusion, the purpose of the article is primarily to raise
awareness and find a solution to this serious problem, also
to end the indifference of people to these issues, that they
reflect and realize that the world is deteriorating more and
more and it is better to look for a solution now and not
regret it tomorrow, the damage to the planet is evident, we
cannot continue to allow this to happen, because if this
problem continues, surely the planet will deteriorate so much
that it will not be left where future generations can live
(Cui & Caracoglia, 2016; Gueguen & Hamid, 2016; Kurgan,
2017).

The Civil Engineer has the responsibility to change his
environment, to change his surroundings, to restructure his
practices and most importantly to change his ideology. This
is a re-focus on change, which will benefit everyone in
general.

Is the engineer an advantage or a disadvantage?
A footprint on the planet

To begin with, it is necessary to define what civil
engineering is: Civil Engineering is the branch of
engineering that applies the knowledge of Physics,
Chemistry, and Geology to the elaboration of infrastructures,
mainly buildings, hydraulic and transport works, in general
of great size and for public use (Giordani & Leone, 2017).

Now let’s see what bad practice is in civil engineering:
bad practice in civil engineering is caused by the lack of
morals of some civil engineers and the negligence of the
competent authorities and the engineer himself (Vasquez,
2015).

Use of inappropriate materials in civil practices.
Some contractors and builders invest in unspecified or
poor quality materials to save resources in the execution
of projects. These, instead of mitigating the impact of
the climate and the effects of traffic, cause the short-term
deterioration of the works, high costs, and loss of working
hours. An example of this sin is the constant deterioration
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of the slabs of the Transmilenio system in the trunk of
Avenida Caracas and the Autopista Norte. The District is
still repairing them (Goenaga, Paz, & Sandoval, 2011).

These bad practices leave a mark on the planet either
on a large scale or a small scale, so one must have certain
considerations regarding the damage that is being caused
because every action reacts.

This footprint is known as the Ecological Footprint.
The Ecological Footprint: is an indicator that measures
the portion of land necessary for human life about its
consumption. In other words, the Earth’s capacity, measured
in hectares, to absorb the waste generated by a person
according to his or her portion of the Planet (UTP, 2017).

Once the term has been clarified, one can begin to evaluate
how the engineer leaves his ecological footprint, thanks to
his ideas of progress and development. But we have to take
into account that the world of professions is too wide to
cover all the different factors that characterize the ecological
footprint, so we will cover the civil engineering sector, as it
is a suitable branch to work on it. Talking about this topic
is beneficial and will help to see how some processes are
being done wrong in Colombia and see how in other parts
of the world alternatives are implemented that seek to solve
these problems and how these solutions can be implemented
in Colombia.

It is worth noting that in civil engineering the lack
of organization on the part of the different construction
entities in charge of large projects and the lack of
precaution/consideration of the problems that can be
generated by various projects are the pillars of the great
ecological footprint of these professionals and companies in
the area.

The amount of waste generated by the sector as
well as the number of resources consumed (energy, raw
materials) throughout the entire life cycle (construction,
operation, maintenance, and deconstruction) contribute
decisively to the increase in the human ecological
footprint. The objectives and requirements for the Integrated
Management of Civil Engineering Projects have to change
(Rodriguez & Fernandez, 2010), otherwise, the problem will
be constantly growing and after a few years, it will be very
difficult to turn back.

A world without natural resources

The misuse of materials not only harms the planet but also
reduces the life span of human beings because every day
important natural resources are devastated and something is
not done to restore these resources. A clear example is the
trees that are used for wood processing. Now, could you
imagine a world without trees?

Bearing in mind that, to be healthy, the world needs the
help of the processes that are carried out by trees and because
in the world trees are a visual and natural attraction, a world
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without them is almost unimaginable, one could come up
with different situations of what a world without trees would
be like, but there are so many different possibilities that it is
very difficult to imagine the right one.

The planet is deteriorating more and more every day
and the concern will always be the lack of answers to the
following question: What will be left for our children or
relatives in the future? Below are the implications for the
environment of a world without trees and the benefits of
controlled and responsible logging. Deforestation statistics
vary depending on the research organization that publishes
them; however, we know that they range from about
155,000 hectares lost annually to 326,000 hectares in the
same period according to the National Forest Inventory
(Cardona, Vela, & Martinez, 2015).

Chiapas alone loses 30,000 hectares of forest and jungle
annually according to Global Forest Watch. In any case,
these statistics show us that deforestation as well as illegal
logging are extremely urgent problems that affect both those
who live in forest communities and those who live in cities.

Trees, as they grow, absorb CO,, and wood products store
the absorbed carbon, thus contributing to climate change
mitigation. A building or using wood products multiplies
the time that CO, is kept out of the atmosphere. Also, if
the wood is FSC certified, it is guaranteed that the forest
from which it was extracted has been responsibly managed
to ensure the regeneration and growth of new trees.

Forest products are found in many of the trade sectors such
as construction or packaging. For example, in construction,
steel production requires 24 times more energy than that
needed to produce wood. Concrete can emit 0.14 tons of CO,
per cubic meter produced, while an equivalent amount of
wood absorbs and stores 0.9 tons, reaching the construction
input with a negative carbon balance, reducing both energy
input costs and greenhouse gas emissions.

On the other hand, in the packaging sector, paper
and cardboard have the largest market share with 34%
according to E&Y data. In a way, this is a positive sign
in the sector, since packaging materials of forest origin
compared to aluminum, steel, and other sources are less
energy-intensive giving them a smaller carbon footprint.
The vast majority of this type of packaging is also fully
recyclable and biodegradable. However, we must not lose
sight of the fact that the demand for paper worldwide is
increasing and recycling processes are limited, so wood
input is constantly needed as a production material. That
is why responsible forest management is becoming an
indispensable requirement in the industry both to ensure
supply and to maintain the attributes that forests provide
(Administracion Forestal (FSC), 2017).
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Debris, increased ecological footprint

Since half the world does not find a solution to the disposal
of debris and/or waste that arise constantly, day after day
since the world of construction and civil infrastructure, is a
world in constant motion, it is decided to proceed to dump
them in the first place found, a matter of irresponsibility and
lack of professionalism for which in the future we will be
suffering.

Thanks to this bad distribution of highly polluting
materials and taking into account that little by little the green
areas of the planet are being exhausted to obtain from the
extracted resources, more materials that possibly in the future
will be discarded without control, thus becoming part of the
great mass of waste, rubble, and debris. This becomes a
harmful cycle. The generation of waste from Construction
and Demolition is closely linked to the activity of the
construction sector, as a result of the demolition of buildings
and infrastructure that have become obsolete, as well as the
construction of new ones and the little management that is
given to these (Romero, 2006), is one of the main problems in
all this mess of negative effects caused by the Civil Engineer.
So much so that rigorous studies have had to be done on the
final destination of the waste and the use that professionals
and companies make of the rubble and structural waste.

Well, it is necessary to clarify several key concepts that
arise with the passage of the reading, because if we talk
about waste in construction it is important to know what it
is: Construction and demolition waste are considered those
that are generated in the urban environment and are not
within the commonly known as Urban Solid Waste (domestic
and commercial waste, mainly), since its composition is
quantitatively and qualitatively different. This is waste,
basically inert, made up of: mixed earth and aggregates,
stones, remains of concrete, remains of asphalt pavements,
refractory materials, bricks, glass, plastics, plaster, iron,
wood and, in general, all waste produced by the movement of
land and the construction of new buildings and infrastructure
works, as well as those generated by the demolition or repair
of old buildings (Romero, 2006).

The poor management of waste materials and debris is
an important factor in the ecological footprint caused by
the Civil Engineer because either a few materials or simple
materials but in large quantities leave a negative effect.
After all, in the typical materials of infrastructure projects
such as asphalt mixtures, cement, lime, steel, and other
elements, emission factors can be achieved not only related
to energy consumption, but also emissions independent of
energy (Ferndndez et al., 2010).

Not everything can be bad in these processes, because
the Civil Engineer would not have so much acceptance in
the world and society if in all cases they did things wrong.
After all, well a solution that has been given to the excess of
materials and waste is its accumulation in selected landfills



in specific points, but to know how all these wastes and
variety of materials end up, we can see that the composition
of construction and demolition waste, varies according to the
type of infrastructure in question and reflects in its majority
components, the type and percentage distribution of the raw
materials used by the sector, although it must be taken into
account that these may vary from one country to another
depending on the availability of the same and construction
habits.

Minority materials, on the other hand, depend on a much
wider range of factors such as the climate of the place, the
purchasing power of the population, the uses given to the
building, etc (Romero, 2006). Knowing these factors, a brief
analysis can be made of the quantity and different types of
materials that can be found in the demolition processes of
constructions and buildings.

The waste arriving at the landfills contains 75% of rubble
broken down into various materials (Fig. 1).

M Bricks, tiles and other ceramics - 54%
Stone - 5%

B Wood - 4%

B Plastics - 1.5%

B Asphalt - 5%

W Paper - 0.3%

B Others - 4%

B Concrete - 12%

B Sand, gravel and other aggregates - 4%
Glass - 0.5%
Metals - 2.5%
Plaster - 0.2%

B Garbage - 7%

Percentage in volume
Figure 1. Percentage in volume of material deposited in
landfills (modified) (Romero, 2006).

An example of the bad storage of the debris can be seen
in the current problem in Cali, Colombia. For many years
now, the riverbanks, streets, and wetlands of the town have
been turned into garbage dumps. The Municipality is betting
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on the El Tejar Cartago property, but its owners say it is not
available.

In the absence of a municipal dump, the streets, riverbank,
and wetlands of Villa de Robledo have become a dumping
ground for all kinds of waste. According to community
complaints, the largest illegal dumps are concentrated in the
sectors of La Invasion, the road to Santa Ana, 1a Madre Vieja,
la Tierra del Olvido, and Puente Bolivar. This was confirmed
by Héctor Fabio Muriel, an inhabitant of La Espafiola, who
assured that the neighboring road has been converted into a
warehouse for construction materials and that (although it is
cleaned up, they immediately reappear).

The main reason for this situation is that Cartago does
not have an official dump, even though in 1994 the Ministry
of the Environment issued Resolution No. 541, ordering
municipalities to select a site for the disposal of these
materials. According to Carolina Gémez, an official of the
CVC’s North DAR, the city’s Territorial Ordering Plan, POT,
established three sites as viable: Tejar La Esperanza, Tejar La
Raya and another located on the road to Zaragoza. However,
during the construction of the dual carriageway on its way
through Cartago, these areas were used, so the project was
again merged in turn, Luis Eduardo Aguado, Secretary of
Municipal Planning, explained that in 2010 10 possible lots
were proposed to the CVC and four were declared viable, but
that no agreement could be reached with their owners. He
added that the current administration hopes to use El Tejar
Cartago as a dump, a piece of land located on the road to
Cali, next to the Villasol Recreational Center.

However, a representative of the owners of this property
assured to Cartago Hoy that the lot is not available for this
activity and that they have already expressed it to Planeacion.
Carlos David Taborda, Undersecretary of the Environment of
the Municipality, responded to the denial expressed by the
representative of the property, saying that the Administration
is establishing agreements with the owners (EI Pais, 2012).

Problems and failures
Study equals protection

Today’s engineer must be someone more prepared,
someone with clear and defined bases and knowledge,
for this reason having weak or poorly made structures
that fall short of the requirements, are not suitable for
implementation in an environment that seeks to leave the
failures and overcome, this is largely due to lack of
knowledge, professionalism, and preparation.

There are different factors, problems that the civil
engineer must know and be prepared to avoid that these
factors alter their structures and/or constructions, as well as
there are factors that the engineer knows and cannot avoid
no matter how much he knows or simply because there are
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not enough tools to appease the damage of these problems
(Martinez, Montiel, & Jacinto, 2016).

As it has been already mentioned, the civil engineer must
have clear knowledge, being a professional in charge of so
many tasks, in so different areas as they can be, construction
of roads, houses, buildings, structures, bridges, among
others, likewise, the required knowledge is extended in
different areas, one of them is the environmental knowledge
because the environmental education must be a formative
process using which it is looked that the individual and
the community take conscience of the forms of interaction
between the society and nature so that they act integrally and
rationally with their means which is only possible through
massive mechanisms of communication (El Tiempo, 1998).

The lack of education in this environmental sense is
one of the key factors for bad construction practices, since
the methodologies that differentiate some engineers from
others leave this factor aside, which reflects the lack of
environmental and ecological bases.

An error such as not knowing the topographical, seismic,
and geographical data of the land on which it is to be built is
a direct step to a structural disaster that produces subsequent
environmental problems such as the demolition of obsolete
structures by earthquakes. An example of the lack of
knowledge of environmental factors is that More than 80%
of the population of Venezuela lives in areas with seismic
threats, and 45% of the low-cost housing that is built annually
is built by the informal sector, without any technical support
to guarantee its safety. The main cities of the country are the
most vulnerable and among them, Caracas, the capital, seat
of the public powers and the political and financial powers of
the nation, has, due to its geological characteristics, service
and roads, one of the most unfavorable conditions in case of
emergency (Marrero, 2017). In the same way that these faults
occur in Venezuela, they also occur in Colombia, if we take
Bogota (the capital of Colombia) as an example since the
great majority of it is built on swampy land, which causes a
poor response of the soil to the loads imposed on it.

The different zones with the highest seismic risk in
Colombia can be exemplified with a geographic scheme
(Gerdau Diaco, 2012), where these zones can easily be
identified, where it should not be built on a large scale or
if it is the case with greater security and performing a much
stricter and rigorous process in each construction process.

But of course, this lack of knowledge is present in people
without sufficient qualifications in the area, however, this
problem can appear both in graduates of the civil engineering
profession and in technologists or simply in builders outside
professional studies.

Continuing with the lack of technical knowledge, and
the lack of application of the same that produce different
consequences and weaknesses in the practices that have been
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Figure 2. Areas with seismic risk
(Gerdau Diaco, 2012).

made in Colombia, ignoring the fact that in these studies and
works not only the Civil Engineer intervenes.

Studies have shown that the environmental situation in
Colombia is characterized by an acute deterioration of
the physical-biotic and social environment of the different
economic processes that in Colombia have been understood
as developed during the last fifty years. The deterioration that
translates into losses of natural potential, the disappearance
of natural resources, the degradation of settlements, chronic
poverty, the accumulation of wealth, corruption, violence,
insecurity and insurrection; situations that in turn generate
greater environmental deterioration in a vicious circle that is
difficult to break and that continually moves towards more
critical situations.

The appearance of processes that are difficult to reverse,
such as the urbanization of soils with agricultural potential
in the Sabana de Bogotd and in the Valle del Cauca, the
90 percent reduction in fishing in the Magdalena River, the
desertification of parts of the Valle del Cesar, and the mercury
poisoning of the beds of the Cauca and San Juan Rivers,
the loss of biodiversity in the Valle del Cauca, the Middle
Magdalena and the foothills of the plains, the almost total
destruction of the dry tropical forests on the Atlantic coast,
the contamination of the coral reefs with agrochemicals and
the imbalance of the network of cities with the formation
of a slum metropolis of 7 million inhabitants to 2.650
meters above sea level (El Tiempo, 1998). This proves



that environmental problems are not only caused by civil
engineers.

Ignorance is optional

There are several institutions, universities, agreements
and/or faculties, willing to train quality professionals,
professionals who are at a sufficient level to be able to satisfy
the needs of a population scientifically and analytically,
while offering them security and space of comfort, avoiding
and preventing disasters, catastrophes or tragedies (whether
these are avoidable, such as those caused by man, or
inevitable, such as natural disasters). In such a way
that the projects of the previously trained professionals
guarantee spaces that promote a better quality of life and
a higher quality than the one before the intervention of the
professionals in charge. However, there is the fact that not
all professionals graduate with the required level, this for
several reasons, one of them can be the lack of reading
and culture, since someone who reads is someone who is
informed. An example is the Regime of Civil Responsibility
of Constructors in Colombia (Solarte, 2014), which gives
the Civil Engineer general guidelines to develop a good
construction process.

Professionals can make mistakes because they want to
cover more than they can, thus ignoring details that, although
they may seem small, are catastrophic and their final result
is proportional to the error. Ignoring a process or skipping
the process to give a faster answer is not an act of a true
professional, but unfortunately, that is what happens in some
cases.

For example, satisfying the need for housing leads to
a series of constructive actions that include the use of
unsuitable land for habitation, the use of urban buildings
in poor conditions, and widespread self-construction, among
other ways of satisfying an unsatisfied demand. Thus, with
housing, there is a diversity of risk conditions derived from
both the construction systems and the financial procedures,
the degrees of institutionalization and formalization, or the
legalization of land use. Both the location in high-risk
territories and the low quality of materials, their inadequate
use, and the lack of knowledge of the techniques imply
the construction of shelters that can become death traps.
Examples of this are both the construction in adobe or
bahareque, some very old, but other recent, as well as the
modern constructions in blocks and reinforced concrete,
in which the structural reinforcement is not well designed
in terms of all the threats that it will have to face or
where the constructive procedures weaken the capacity of
the materials without this being evident in their external
appearance (Argiiello, 2004).

The mistakes that can be made by leaving out essential
knowledge are easy to identify, but what happens when the
professionals who graduated from these institutions and/or
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faculties are not competent enough? This question arises
after seeing facts such as the flooding of a subway parking
lot two or three months after its construction or also in the
collapse of a building with only 10 months of useful life.

A case closer to reality was the unfortunate sudden
collapse of the Space Building in Medellin, subjected only
to service loads, and the severe structural damage found in
several other buildings in Medellin (SCI, 2014).

These errors are under certain factors that are complicated
to analyze, however, the law should be attentive to all these
failures, since without knowing yet the final report of the
investigation in progress by the University of the Andes,
an entity designated by the Mayor’s Office of Medellin
to evaluate the processes of design and construction and
the quality of the materials used in this building, there is
a coincidence in the thinking of the structural engineers
that if the current regulations had been complied with, this
unfortunate disaster would not have occurred. All this
implies that the authorities must investigate thoroughly if
they find any professional malpractice, punish the guilty
parties in an exemplary manner, and verify that it was
not a frequent practice that has other constructions in risk
conditions (SCI, 2014).

Reconciliation or perdition

The Civil Engineer must make many important decisions,
not only for himself but also for a population and in
most cases, a fairly large population, so every decision
he makes is crucial for the welfare of both people
and the environment where he builds and this is where
the importance of having an ecological approach when
carrying out construction projects comes into play, clarifying
that we can define an infrastructure construction project
as the set of non-repetitive, unique, time-bound and
formally organized actions that use RESOURCES (people,
companies, machines, tools, materials or money) necessary
to achieve that material goal. Given that the PROJECT is
the obligatory starting point of any infrastructure work, to
assess its quality it is very important to establish, not only
the technical-economic characteristics of the project itself
but also the application of appropriate project management
methods (Barbara, 2003).

Making the ecological focus in the development of
architectural and structural projects is of vital importance for
the Civil Engineer since this will decide how well seen his
work will be by the environment and society, how useful his
work will be for both human and natural life, and will also
decide how long its life of use will be, if too long (because
it is coupled with the environment) or too short (because it
intervenes in natural processes that go against this type of
work). To determine what actions have been done well and
what actions are being used to safeguard resources, and even
more important to maintain a link with the environment, it is
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necessary to take into consideration the following headings,
which will largely determine whether the Civil Engineer is
doing things well or definitely with his mistakes is doomed
to failure and environmental and ecological abuse.

New approaches to construction

A general review of the problems that have been addressed
may be the misuse of resources and the poor distribution
of the debris, however, the following conclusions can be
reached:

e A great amount of energy is consumed by the fuel used
in the extraction, processing, and transport equipment of the
different materials such as clay, lime, gypsum, stone, sand,
among others.

o The incorrect selection and exploitation of the quarries,
transformations of the natural relief, affectations to the
flora and fauna and the degradation of soils, erosion, and
affectations to the landscape due to the non-restitution of the
vegetable layer.

e Air pollution by dust, noise, and emission of smoke and
gases, especially in the production of concrete and asphalt.
In this last case, the production of hazardous waste is also
added.

o Affecting biological diversity by clearing of vegetation
and loss of species habitat (Rosario, 2005).

But as mentioned from the beginning, not all practices
performed by civil engineers are disastrous and harmful, as
they work largely to safeguard and protect lives, provide
spaces for public and common use. One of the reasons for
the existence of the Civil Engineer, as its name indicates,
is to engineer, innovate and improve processes, structures,
constructions, and projects.

And as not everything is bad and pejorative, it is necessary
to begin to expose all the pertinent and adequate actions that
are made and are being made around the Civil Engineer, for
example, some guides and documents sensitize the reader,
directed especially to builders and engineers.

An example of the documents is the Guide to Good
Environmental Practices in the Design, Construction, Use,
Conservation and Demolition of Buildings and Facilities
which states the following (Botella, 2017): The construction
sector presents a wide range of possibilities for applying
environmental initiatives in the different phases, activities,
and operations that arise throughout the design, execution,
demolition, and maintenance of a building.

The incorporation of environmental, social, and economic
criteria is an evident necessity to advance towards a
sustainable city model. Therefore, the City Council, through
the Environmental Management Area, being aware of these
opportunities to advance on the path of sustainability in the
field of construction, has worked on various initiatives, for
several years, to collect measures to reduce environmental
impacts arising from the operations of the implementation
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and maintenance of works: effect on the soil, air emissions,
consumption of natural resources and construction materials,
waste generation, discharges, etc (Botella, 2017).

These ecological and environmental ideas in construction
and as such in civil engineering, have already been
happening in different places in the world, there are even
countries that support and back the use of eco-friendly
techniques and methods.

Norms for a salvation

Although there are institutions that train competent
professionals and although there are ecological construction
thoughts, there are people who due to lack of resources
or economic problems have the need to work informally
meaning that they do not work for anyone and their training
was little or none.

As stated, the informal production of housing in Colombia
has shaped the urban landscape of the country’s major cities.
Various authors state that between 20 and 50% of the houses
located in Colombia’s main cities were built informally,
many of them by their owners or by commissioning
construction masters, without complying with construction
or urban planning standards; this translates, in most
cases, into buildings with precarious living conditions and
seismically vulnerable.

In this sense, since 2011 the Swiss Foundation for
Technical Cooperation, Swisscontact, in alliance with
various entities, has been operating a program in Bogot4 that
has focused on the design and implementation of strategies
that can improve the quality of self-produced housing in
sectors of informal origin (Agudelo, Ramos, & Merchan,
2014).

This is detrimental to the engineering industry and even
more so to society, both visually and structurally. Thanks
to illegal actions, or actions that are not certified, norms and
regulations arise that modify the work and processes of civil
engineers and related professionals. This is a profitable issue
since they regulate and level the balance in terms of bad
practices carried out by civil engineers.

An example of the above is the standards booklet provided
by the Ministry of Environment and Development which
states: The criteria for the selection of materials must include
aspects such as aesthetics, performance, and availability at
the local level, in addition to the conditions of environmental
sustainability that they present in terms of local and
global environmental impacts generated in their production
and the energy incorporated. The environmental impacts
generated by the production of construction materials are
related to mining and natural resource exploitation, with the
consequent loss of soil and subsoil, plant cover, biological
diversity, water catchment areas, and runoff, among others.
In the construction stage, waste and dumping to water
sources are generated.



For the management of the environmental impact of
housing production to be efficient in the use of materials,
the selection criteria must be defined from the planning
and design stage, taking into account the environmental
impacts generated in its production and transport, as well
as its characteristics and behavior of resistance, durability,
maintenance requirements, inertia or thermal, acoustic and
optical conductivity (ICONTEC, 2006). It is important
to point out that, in the design stage, when preparing the
construction plans and specifications, special care must be
taken to include all the definitions and details of the materials
to be used, so that these applications can be implemented
practically and effectively in the construction process. Faced
with this situation, the basic objectives of sustainability are
set out, which frame the definition of the criteria to be applied
(MinAmbiente, 2012). Tables 1 to 9 detail these criteria.

Alternatives and materials

Fortunately, there are people with very good ideas, people
who contribute their knowledge for the welfare of others,
there are even organizations that promote these ideas and
disseminate them, which in general terms is very useful for
civil engineers because it makes it easier for them to think
about how not to damage the environment and alter nature.

Several of these ideas are in the reuse of various materials
that are easy to get as these materials are very common.
In most cases, they are materials extracted from large,
easily accessible sources. And in reality, we must be
careful in how we use the materials and the place where
they are destined, by not taking into account the previous
considerations it happens that the residues that are produced
as a result of the productive activity of many industries,
suppose a problem of storage and elimination for these
and a serious environmental and ecological problem for the
alive beings. On the other hand, in today’s construction,
it must be a priority to take into account the principles
of sustainability and respect for the environment. For this
reason and joining these two concepts, it is very interesting
to produce materials for construction based on the industrial
waste that otherwise would be uselessly stored in landfills
(Martinez, Martinez, & Hernandez, 2017; Oreja, 2011).

For these reasons and many more, we propose the creation
of a new constructive material, called ecoladrillo, inspired by
the traditional adobe and that replaces the conventional brick.
For this purpose, marginal soil is used which has not been
used until now for the manufacture of bricks. As commercial
additives, cement is used to make the reference combinations
and, the less usual but equally efficient hydraulic lime. As
a resistant additive are used the ashes of rice husks and
as a structuring additive also rice husks. The addition of
these last two residual additives means the reduction of a
great environmental impact since the ashes coming from the
biomass generated by the combustion of the remains of the
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rice harvest, remain for millions of tons in landfills all over
the world.

Until the definition of this product, four experimental
phases have been carried out as a new additive has been
added to the sample. For the characterization of each
combination proposed in each phase, the simple compression
resistance test, the absorption test, and the icing test have
been carried out. Besides, the weight losses that occur
during the curing time and the resistance losses that occur
after immersion and after the ice/thaw cycles have been
monitored. All combinations studied have been carried out
at three relatively low levels of compaction (1, 5, and 10
MPa). Nevertheless, the realization of these bricks at 1
MPa is discarded, mainly because the structure of the same
ones is excessively open. Later, in the penultimate phase,
combinations at 5 MPa have been discarded since, contrary
to what is observed at 10 MPa, no significant improvements
are produced.

The results obtained are satisfactory. Natural hydraulic
lime is a sustainable additive with the capacity to develop
resistance. Also, combining the lime with the rest of
additives the differences with the reference combination,
made with cement, are minimum. The ashes of rice husk
suppose a great additive that strengthens to more than double
the resistance of the sample with ashes that without them,
demonstrating that they favor remarkably the development of
the pozzolanic reactions. Rice husks decrease by more than
10% the density of the combination with only commercial
additive. In addition to a good appearance, the Eco-Brick
responds to ecological and sustainable criteria since it
requires a low level of energy for its manufacture and
eliminates the emission of CO; into the atmosphere since it
is a brick that does not require cooking (Cabo, 2011).

Like the previous example of the eco-bricks, many ideas
are already being implemented in different parts of the world
to mitigate the problems that are caused by progress.

Conclusions

We conclude the main problems caused by bad practices
carried out by civil engineers thanks to X or Y reasons, all
of them directly or indirectly affect the environment, nature,
thus altering the health of the planet in general. It is time to
change the way we take care of and protect the world, around
man, thinking about what will be left for future generations,
because it is clear that today’s actions will affect tomorrow’s
man.

It is important to take care of the planet since it is the
main source of life. The Civil Engineer is the source of
progress and structural development, to such an extent that
it is in his hands to leave the planet in good condition for
future generations to inhabit.

In general, measures are already being taken in the matter,
creating organizations, writing norms and restrictions,



Tekhné
July - December 2018, Vol. 15, No. 2, pp. 45 — 58

Table 1
Material use sheet part A (MinAmbiente, 2012).
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FICHA No. 18

OBJETIVO 1

RACIONALIZAR EL USO DE MATERIALES

CRITERIO

M-1

EN EL DISERO

1. DESCRIPCION

Aprovechamiento de los matenales disponibles en la zona donde se desarrolla el proyecto, induyendo los tradiconales y culturalmente arraigados, emble-
matcos o representatvos, produados de manera sestenible, garantzando la resttuadn paisaistica yla renovaadn de los recursos naturales.

2. ACCIONES TECNICAS

US0 DEMATERIALES REGIONALES

APLICABILIDAD

Considerarla oferta y dispomibilidad de matenales de producadn local, en cuya explotadén y manufactura se apliquen las normas
de protecadn y manejo ambiental, la resttudén del medio natural yla persistenda de |2 reserva de los reursos.

v Agregados pétrens de explotadones cercanas legales que implementen resttudén yestabilizacén del suelo, restauraadn de
ecosistemas y reposiabn de la wegetaddn,

v Matenal de suelo y fibras natureles selecaenadas vy tratadas para agregados de mezdas de concretos parz blogues o tabiques.

v Adobes y blogues produados mediante prensado o mezda de cemento. No se recomienda el uso de ladnllos produados en
homos artesanales, cuya emisidn de contaminantes es muy elevada.

v Maderas cultivadas o explotadas de manera legal, con procesos de reforestadon y protecdan de |z biodiversidad.

v Guaduas, en zonas como el Be Cafetero, norie del Valle del Caucs, Antioquia, Hula y Santanderes. procedentes de
plantadones o reservas de explotacon legal con msttudén del medio natural y de ecuperaadn del mcurso.

v Cafias, pajas y fibras vegetales extraidas con medidas de mantenimiento y protecadn de la reserva. Estos matenales deben

tener tratamiento de deshidrataadn, inmunizaadn y manejo fitosanitane.

DESEABLE

creating awareness in the people and institutions in charge of
educating and training civil engineers, and even ecological
materials are already being implemented to reduce the
pollution created by the debris of the constructions made by
the Civil Engineer.

Taking into account all the above considerations it is
important to clarify that to begin to see these changes in
Colombia should be promoted ideas such as the ecoladrillo,
environmental management plans in buildings, buildings that
are oriented to care and respect nature creating an intimate
relationship with this, this also focused on the mission of
educating and training quality civil engineers who meet the
environmental and professional requirements that this planet
and this society needs.
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Table 2
Material use sheet part B (MinAmbiente, 2012).

EN LA CONSTRUCOON:

Se deben exigirlas cerifcadones de ongen, que den cuenta de la procedenda lepal de los matenales g uilizar

EN EL US0 Y MANTENIMIENTO

Utlizarlas mismas ecnologas y matenales mgionales al malizar modifcadones o amplizdones. DESEABLE
CRITERIO M-1 US0 DEMATERIALES REGIONALES

Uso de maienales de menorimpacto ambientel en su producddn v utlizagdn.

Aprovechamients de los mcurcos locales ylas condidones dimifcas v ambientsles del entomo.

Fadlidad de mincorperadan de los makiales &l medio natural ol dnalizarla vida dfl de la edifcadin

l[]ispunihilidad de mekide: locales para mparadones, manenimientos o ampliadones futuras, con las mismas caraciersicas de los magdales ongine-

es.

Aprovechamients de los conodmientos sobe el manejo y uso adecvado de los matendles de w localidad

Disminudan de consuma energéfon por mducddn de mqueimientos de transpore.
4 APLCABILDAD

Es de fadl aplicadén, yz que la vflizaddn d= maenales encontrados en la mgidn donde se desamollz &l proyecte gener: shomo y disminudén de
impacta ambientsl por traslade y franspore

5. NORMATVA

Mormatva ambientsl eladonada con la extracddn legal de madera y matenales péteor, [a cual es de obligatodo cumplimiento, como la licenda
ambiental pars explotadones mineras.

Resoluddn MAVDT 1555 de 2005, crea el Selle Ambientzl Colombiano

Pacio Intemsecional porla Madera Legal, (agosto de 2008) para la explotaddn y comergalizadgan maderera en Colombia, suscito entre los gremios

explotadores y proesadoms forstales, los pindpales distibuidoms, transportadoms y apemizdones de consumo, las insttudenss de protecddn
ambiental ylos organismas de mguladén y control estatal, para hacer de la industiz mademrz un gjemplo de sostenibilidad mansjada integralmen-

=3
6. INCENTIVOS PROPUESTOS ENTIDADES
Implementar|z certificadén de promsos de explotaddn y producdtn ambentsimente sosenibles | Desamallz Ministero de Ambiente y Desamallo
ce makenales. Sosenible.
Desamollo de acdones inergemiales v de poliicas para impulsarls producdén ambientslmente | Desamolla Ministero de Ambiente v Desamallo
sosenible de makdaes disponibles. Sosknible.
Table 3
Material use sheet part C (MinAmbiente, 2012).
FICHA No_ ]9 EJE TEMATICO: MATERIALES
OBJETIVO 1
RACIONALIZAR EL USO DE MATERIALES
ﬁ CRITERIO
M-2 APLICAR LAS PROPIEDADES FISICAS DE LOS MATERIALES

1. DESCRIPCION

Seleccion de materiales y sistemas pasivos para el manejo de las condiciones de temperatura, iluminacién y actstica del edificio, de acuerdo con las ca-
racteristicas y propiedades fisicas, masa o inercia térmica y, comportamiento luminico y actstico, aprovechando su aporte para la reduccién del consumo
energético y mejorar las condiciones de climatizacion interior.
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Table 4
Material use sheet part D (MinAmbiente, 2012).

© Universidad Distrital Francisco José de Caldas
ISSN 1692-8407

1 ACOONES TECHICAS APLICABILIDAD

v

v

EN EL DISERO

Dednir y espedficar|os maenales, indicando espesors mguendos, composicdn v fundenamienio de los sisemas pasivas, DESEABLE

aislamiantos y ratamientos de superices v uilizando sus caracedsocas fsicas par promaverla dimatzadon natural:

v Matedal de suslo y fibras naturales selecaonadas y tratadas para agregados de mezdas de concretos para blogues o
tabiques.

v Matenales con baja conducividad y baja densidad vtlizades como ellene #mico y acisico en juntas de construcdén o
en muros dobles entre estandas.

v Matenales con altz porgsidad, permeabilidad o con cavidades, permiten ranspiragdn el ambiente intenor manejando la
hemedad o condenszaafn.

v Maenales segliin su mansparnaa y conductvdad, cofor o texwra, permiten o rechazan el paso de luz, calor o somdo,
para produdriluminagdn, acumulagda de calor, sislamiento ¢ amoriguaddn ©miica o sonOR.

v Cémaras seneradas por delomases descolsados, muros paralelos o de doble superfide, abierns parz empuje del aie o
erades como amoriguamisnts Bmico o sonorg.

v Mums Trombe, que impulsan 2f g intemo mediant el calor solar, aplicables como calefactoms inecande aie o =fi-
erants.

v Ducwms y ermosifones con ekeco chimenea que impulsan &l aie por dierenda de pesiones aemdindmicas o comvec-
agn.

v TBemazas o cubieras con vegstacdn, fundonan como amoriguadoms Bmicos y aclsicoos, y aporan dmas werdes mao-
vadoras del air

v Placasestangue acumuladoras o aislantes de calor solar, segln se permiita 0 evie |3 evaporacén o la emisidn de calor
en horas de 3 noche,

Implementarel uso de ecomaendes: DESEABLE

Madulas de mamposeda gue, sin mayerincemento en |3 canddad de ardlla, desamollan geomenias con cavidades de
acumulagan de calor {p. el Bmoaralla ECO® y dimablock® en Espafia).

Prefibacados de conceto con dable pamd o aislamizntos amorigeadoses.
v Blogques ceramicos o e concrew con fbrs naturles o arficales o apepados mouperados de demalidbn

EN LA CONSTRUCAON:

ras fivianas, fjas o mavles

Generagdn de expagos de uso miliple que incremenen |2 eidenaa de los sstemas implementades, mediane el use de divisio-

Espacos amplios ywersitles de uso miliple, que puedan luminarse, wenilame o dimatizarne con menos elementes, impulsanda
4 50 7 la vocaddn productva de la vivienda & nivel personal o famifiar, fomentando &l trabsjo y el esparamiento en casa,

EN EL S0 Y MANTENIMIENTD

implementados.

Incorporaren &l manual de manenimiente para el usuano las moomendadones de wso, control v manenimiento de los sisemas
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Table 5
Material use sheet part E (MinAmbiente, 2012).

condiciones naturales de confortabilidad.

Mo hay normativa acerca de las aplicaciones biocliméticas.

CRITERIO M-2. APLICAR LAS PROPIEDADES FiSICAS DE LOS MATERIALES

3. BENEFICIOS

Reduccién de los impactos ambientales indirectamente causados a través del consumo de energfa eléctrica para climatzacidn de los espacios, al generar

Reduccién de costos ambientales en el tratamiento de desechos, al promover la construccion con materiales ligeros v de ejecucién limpia.

4. APLICABILIDAD

El mayor costo inicial en los casos en que se incrementa la cantidad de material a usar, como sistemas de cdmaras, ductos o dobles superficies, sera
amortizado progresivamente por el ahorro en energia eléctrica para climatizacién.

5. NORMATIVA

Table 6
Material use sheet part F (MinAmbiente, 2012).

6. INCENTIVOS PROPUESTOS

ENTIDADES

Programas de difusion y capacitaciones, desarrollo de prototipos de estudio y ensayos.
Elaboracién de tablas de coeficientes de transmisidn o acumulacidn térmica y acdstica.

Desarrolla SENA, Institutos de Investigacion, Universi-
dades e ICONTEC

Eliminacién del Impuesto de Valor Agregado (IVA) en la adquisicion de materiales producidos con
materia prima recuperada de demaliciones, o con alto aporte en climatizacion, o un procedimien-
to de devolucién y compensacion de dicho impuesto, como incentivo a los constructores.

Reglamentacién Gobierno Nacional y Congreso de
la Republica

creatividad de los disefiadores hacia nuevas propuestas arquitectdnicas.

Implementacion de concursos anuales de proyectos innovadores de vivienda, que incentiven la

Desarrollan Ministerio de Vivienda, Ciudad y Territo-
rio y Ministerio de Ambiente y Desarrollo Sostenible
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Table 7
Material use sheet part G (MinAmbiente, 2012).

EIE TEMATICO: MATERIALES

FICHA No. 20

OBIENVO 1

RAGOMNALZAR EL USO DE MATERIALES

CRITERIO

M-3 MODULAGON DE ELBMENTOS DE CONSTRUCOON

1. DESCRIPAON

Despiece v repariddn de cortes de elementos de coastrucddn con base en las espedfcadones de usoy presentaddn del producto, par optimizarsu
utlizadén v mdudr desperdicos.

ACAO AP BILIDAD

EN EL DISEROQ
Coordinarles dimensiones del proyecto con las de los elementos especficades, planteando el uso de unidades modulams DESEABLE
que permitzn reducrlos cores de matenal y su consecuents desperdico:
«  ladrllos y bloques en elementos enteres, medios v cufizs, para produdrlos traslapos y ermpalmes de muros,
¥ Piezas de emate para mums, cumbreras, mrminales o bases.
v Despieces de trozas o tiras de madera.
v Perfles de acero de mfuerzo y de aluminio, de acverde con la presentaddn comerdal de los elementos, con aprovecha-

miento de segmentos de corte.
«  Paneles modulares prefabicades v normalizados.
EN LA CONSTRUCQAON:

Disponer de los sobrantes de core par eutlizadtn o madaje, y eliminarla peneraddn de segmentos cuya dimension no sea
aprovechable.

A ralizarlos pedidos, preferrel suministro de matedales procesados en planta, premezdados, despiezados o prefigurados, en
cuyo procesamiznte se garantoe el muso o mducdén de desperdidos.

Implementzrel uso de ceramientos provisionales de obra, desmontables v eutlizables.
EN EL USO Y MANTENIMIENTO

Utlizar las mismas tecnologlas y matenales al ralizar modificadgones o ampliadones. DESEABLE

Table 8
Material use sheet part H (MinAmbiente, 2012).

CRITERIO M-2. APLICAR LAS PROPIEDADES FISICAS DE LOS MATERIALES
3. BENEFICIOS

Reduccién de impactos por menor requerimiento de fabricacidn de elementos procesados.
Coordinacion de dimensiones de diferentes componentes de la construccidn, e impulso a la fabricacién en taller con produccion controlada, eficiente y limpia.
Eficiencia y economia en el aprovechamiento del recurso, con reduccién de sobrantes por despieces y corfes planificados de elementos.
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Table 9
Material use sheet part I (MinAmbiente, 2012).

4. APLICABILIDAD

Coordinar las dimensiones del proyecto con las de los elementos especificados, planteando el uso de unidades modulares que permitan reducir
los cortes de material y su consecuente desperdicio:

v Ladrillos y blogues en médulos y submddulos para ensamblajes y aparejos de mamposteria.
v Pareles prefabricados con piezas de remate y cierre horizontal y de cubierta,

v" Puertas y muebles modulares de madera laminada o prensados de madera plastica.

v Ventanas y puertas de aluminio pre-ensambladas.

5. NORMATIVA

No hay normativa acerca de la aplicacion de este criterio, quedando sujeto al buen aiterio de disefiadores y constructores en funcidn de la eficienciay la
economia, para eliminar sobrantes y desperdicios.

6. INCENTIVOS PROPUESTOS ENTIDADES

Capacitaciones y entrenamiento practico de personal de disefiadores y constructores para difundir | Desarrolla productores, Asociaciones Profesionales
métodos de despiece y corte de elementos. e Institutos Educativos Técnicos y Profesionales

Eo89
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