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Abstract

In construction the conventional materials have
been evolving with the purpose of minimizing
the problem with the environment, due to this
new materials are born that are being studied,
a clear example of this is the bamboo, that is a
material 100% natural and with great diversity
in Colombia. This work analyzes and compares
the properties of bamboo angustifolia Kunth as
a construction material, determining some of
its most favorable characteristics according to
the studies carried out in Colombia, giving it
an approach for its use as a structural element
in addition to cataloguing it as a renewable,
sustainable and nature-friendly material. The
content is organized with a classification of the
studies and laboratories made to the guadua
angustifolia Kunth, the characteristics found
from those studies and the description of the
different locations of guadua in Colombia.

Keywords: Bamboo, Structural, Construction,
properties.

Resumen

En construccion los materiales convencionales
hanvenido evolucionando conelfinde minorizar
la problematica con el medio ambiente, debido
a esto nacen nuevos materiales que estan
siendo objeto de estudio, un ejemplo claro de
esto es el bambu, que es un material 100%
natural y con gran diversidad en Colombia.
Este trabajo analiza y compara las propiedades
de la guadua angustifolia Kunth como material
de construccion, determinando algunas de
sus caracteristicas mas favorables segun
los estudios realizados en Colombia dandole
un enfoquen para su uso como elemento
estructural ademas de catalogarlo como un
material renovable, sustentable y amigable con
la naturaleza. EI contenido se organiza con
una clasificacion de los estudios y laboratorios
realizados a la guadua angustifolia Kunth, las
caracteristicas encontradas a partir de dichos
estudios y la descripcion de las diferentes
ubicaciones de guadua en Colombia.
Palabras  clave: Bambu, Estructural,
Construccién, propiedades.
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Introduction

The human being has been developing
his capacities to create different types of
constructions with different materials, taking
into account the various environmental and
economic problems that humanity is currently
facing, has generated the need to seek a new
approach in the selection and use of renewable
and natural materials in construction, as an
alternative to those of conventional use, in
order to reduce such problems [1], such is the
case of bamboo as a material that has been
used in America since pre-Columbian times
until today, as an innovative proposal for a
sustainable future [2], being one of the best
alternatives for the construction of housing
with lower environmental and economic costs.

There is a great diversity of bamboo in Latin
America where approximately 25 species are
found in Colombia, among them the guadua
Angustifolia Kunth [3], reaching heights of
approximately 30m and diameters of 25cm,
is one of the species with greater economic
importance in the country due to its application
in the construction of houses, bridges, gutters
and aqueducts [4], is a renewable resource that
fulfills an ecological function in its ecosystem,
have the capacity to enrich the soil where it
grows, regulate the air and purify the water [2],
these virtues awaken the interest to investigate
new properties and applications.

The guadua Angustifolia Kunth acquires in
a short time its greater resistance, it is one
of the most used species of bamboo in the
construction thanks to its size, mechanical
resistance and durability [5], due to its
dimensions and low weight make this an
ideal material for areas of high seismic risk,
its physical-mechanical properties are very
particular, mainly when it is submitted to
flexion efforts, tension and compression on
its axis, these properties are better than
some conventional woods [2], besides having

structural and physical characteristics, as well
as its easy and economical obtaining has
led to the development of several projects
and scientific construction laboratories in the
country, in order to know the potential of this
type of bamboo.

However, even though they have mechanical
properties, these can be affected by the
change in moisture content, so it is considered
necessary to take into account tests before,
to observe the variation of resistance of the
bamboo based on different humidities [1],
this amount of water in the stem decreases
with height and age, Another factor lies in the
diameters of the guadua due to the fact that
they contract when there is a loss of humidity,
these contractions are less when the trunk is
mature demonstrating its resistance to tension
and flexion, in addition they possess a fibrous
membrane in its cross section that when being
submitted to efforts has great capacity of
resistance to the compression [6].

At present, some goodness’s are known
that characterize this material, however,
Guadua Angustifolia Kunth has not been
studied in its totality [2]. Based on these
scientific and engineering works already
known, a comparative analysis of them is
made, which allows to identify the properties
of Guadua Angustifolia Kunth to catalogue it
as an innovative, safe, profitable, resistant
and environmentally friendly building material
[7] demonstrating that it is a material that
satisfactorily meets the design standards and
criteria for use as a structural element in future
buildings thanks to its favorable characteristics

[8].

The present investigation will focus on studying
the use of guadua angustifolia as an economic
and innovative construction material for future
housing in Colombia, because conventional
materials are producing a certain type of
contamination. Thus, the present work would
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allow to show the significant changes in the
field of construction, from the properties that
the guadua has developed with the passage
of time and to deepen the knowledge on the
constructive process with this material.

Theoretical Frame

The guaduais one of the genus of bamboo from
tropical America qualified as the third largest
bamboo in the world, reaching heights of 30
meters and diameters of approximately 22cm
[9], its obtaining depends on external factors
in its natural environment such as climate,
soil, slope of the land, etc. this type of plant is
considered one of the species with the fastest
growth of the planet, it can take approximately
4 to 6 months to develop its optimal height.

The guadua Angustifolia Kunth is the native
species of Colombia, is distributed mainly
in the Andean region, in its morphological
composition can be distinguished the culmo
as the important part, since traditionally it is
the most used in the construction of houses,
industrialization and manufacture of furniture
[10] is a plant with high speed of growth
and reproduces by itself, is used as raw
material in friendly constructive systems with
the environment mainly by its abundance,
accessibility and easy obtaining [5].

Colombia is one of the pioneering countries
in the structural use of bamboo, developing
technologies for construction and a series
of quality standards that guide the proper
handling and use of bamboo as a raw
material in construction [11]. This bamboo has
important characteristics and is also valuable
for its excellent structural qualities, because
it has longitudinal fibers, which favor the
bamboo stalks to resist the strong efforts that
are subjected to the effect of wind and its own
weight [12].
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Authors such as [13] point out that bamboo
has a lower heat of combustion because it
is recommended for use as a construction
material, since the risks of burning are lower.
For all its characteristics it is a material
considered in the construction of houses,
since it is a high quality material to support the
force to flexion and absorbs seismic energy
[14]. The function of the conductive tissues,
xylem and phloem that are in the bamboo butt
are throughout the life of the butt as it happens
in hard and soft wood of the dicots [15], in
addition it is an anisotropic material, that is to
say that its properties vary according to the
thermal expansion and change of volume by
humidity, which makes the bamboo behave
like a wood.

A factor that makes guadua important is its
economy, thanks to its speed of maturation
allows its rapid use, also for its high expansion
per hectare and the diversity of use that is
distinguished [16], consequently guadua is an
ecological alternative so it is recommended
its cultivation as a measure to mitigate
environmental damage to the ecosystem,
since it is a natural resource that prevents soil
erosion, while enriching it [17].

Materials and methods

At the present time the population growth
has generated the increase of houses in the
world, which has waked up the interest in
knowing the properties that some materials
possess to be used in the construction, in the
suitable development of this analysis articles
of tests and studies realized to the guadua
Angustifolia Kunth as constructive material will
be taken, studying the postulations of several
authors on the topic, which will allow to know
the behavior of this material on having been
submitted to different tests and this way to
compare it with other types of materials used
in the construction as (steel, cement and clay
masonry). In such a way that the guadua
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Angustifolia Kunth is an important structural element in the construction of houses, bridges,
viewpoints and other small-scale civil works. [1]. Therefore, during the last few years, the
behavior of bamboo structures has been studied as a response to the growth in demand for
this material in construction.

Results

In table 1 are shown the postulations of several authors about studies and trials made to the
bamboo Angustifolia Kunth as a construction element.

Table 1. Tests and studies carried out on bamboo in Colombia.

STUDIES OR TRIALS

TITLE OF RESEARCH CONDUCTED EESULTS

Effect of moosture confent on the parall=l  Tensle strength test paralie] to the ibre The strength of the tested specimens was
temeile rrength of Guadus Anmaetifolis foumd not to vary coraiderably dus to diffarent
Emnth hamhoo fiber. Desermiration of moisoms coient motshares contents

15 foumd that the struchoe of 2 guadua

Internal stnscture of bamboo 2nd s umpact Temstle :I:rmglh with rachal and Snzuznfolin Kuy, lozee rrensth =2 1t 2oes

; AT from its outer layer ta Tt irmer layer, because
on mechenical mmopertics. tenzential loads the fiber cell: ae reduced and in the Joots

because uct'm dJmJnm.uI'.

T, I O NS W, =
Dlespits the indismiminate logaing m the B
Cafaera, @ prect gametic diversier of bamhoo
15 defected thanks to the nine micro-satellite

Genstic drversity and popalation stroctre
of Gimdua Anguetifoliz Kunth in the Bamboo Guadea Ang=thicha Kunth

Colotnbien coffes belt it
T can be determined that the duorabalidy of a
bapaboo building cam vary depmd.ﬂq o

i e, Roaiy BLEMAND: vty fecenmn zuch as the quality of the rw marerial
adequate bumidity combrol and preventive
)

It is posuble to defermine the myvesigative
prowth thet bambop ke had in order 1o be
epplied in different feldz

Guadua & considered a feasible raw material
Feasibility study for the comstruction m Sustamabality m nahawe] resources for  for construction systems. I is & makerial that
guzdies of a house in DMeloar Toling housing constuction has advantages over smamac foross due o ots

Towy wadsht
Stady of fie mechmécal properties of  Streas test under the stendardTC-359 E:ﬁ;}m o *”f"ﬁﬁ:“f‘;ﬁ

Craachss Angustifolia fibre bundles using & Lloyd's digstal dmamameter. i o intha i !
Determination of moustars cotrtent: The fber bundles of E'-“d'-“ Angusifalia,

Stody of the physical charactaristics of ~Determiation of the 5 of moiwe  Lood 10w Valual in denaity, percantee of
bmmdles of gnadua Angastifolia fibee _gbsoméion VNOINIDE IRt ext Ccl AT AR OFALINL 7
poeitively indicates that it can be used = &

Desermination of balk densiy reinforesment materisl in 2 conuctoe.

Stafe of the Art of the Guadns Chain in  Choice of topice thet have mn
Colombia HHE - 3012 rvestigatee focus.

: Tensile stre We coempared the bebavior of some synthetic
Ehﬂ} uf fhi= mm and mechanical st = and wamernl motariale $hat in commmctiom el

properties of the joining elements mads of [ B e ey e Lol

bamboo, mest the berpsile and Compressive
barnboo for polyhedral bridge sroctares rmeneth required for the desiem of smactuzal
and other spplications. Compression sless Joinits

Tha depertment lacks updated wified end
- = relizhl= stabstics regarding chamn procuchion
Description of the production and pobeeial f::ﬁi o 'H'JB] ﬂmmm:: ib temne of sowing producton asd vield

of hamboo m the Valle del Canca : P - addition te shorftcomings in ressarch of this
production chain In the Valle del Cauca matenial 25 an alt=mativ= m the feld of

cotamactian.

Determane the physical and mechanscal  The results of the modulus of elastcity of
properties of Gusdus anmmtifolin  mesdua Ansustifolin were compared with

Bending ctrength and elaticlty of b s “tiine imto account title G, of  fhose detemed @ the MSR 10 and

: . the  Coloenbian  Bemulation of  zignificast differsnces were found usder
Anguctifolia Kuth of Pitakin, Huila ke Besiptemt  Comptrustion  fovomrsble conditioms with it modulua of
ISR - 10, elasticty at bending.

Fuente: [18-27]
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Table 1. Continuation tests and studies carried out on bamboo in Colombia.

Compressive strength parallel o e floe
of the Anguhfolia  suava  and
determuination of the modulus of elashicity

Testz of compression resistans parallel
1o the fitre, admussible strexs for the
design of compression el=menis under
different combinstion: of load and
moduhes  of  elastcify  of  fhe
Anguetifiolia baraboo.

Tt wae obtained ther the compressive rrengih
15 higher when the rulms are hgher,
mechanica] dafommoeneters were wsed and it
s dentifisd that the average compressive
strenpth in fhe Eber was 568F 2 medulus of
alaticity of the guedos aneetifolis texted was
178350Fa. A recommended allowable vahee
of 110Pa with gravitational Joads and 13LFs
including wind in the amalyiia iz thet thin
maberial can be us=d as structaral mabsrsal

Bamboo 2@ a  suuchoal  matesial

Genernlifies, appheations and modeding of
& typucal struchure

Erudic del bambd comeo elemato
estricheral 2 partic d= La constmaccion de
L poents en medera v gusdoa
COTHRATANdD FU ComportaTento.

Se definid que &l bemind e 1= material com
prandes propedades para ss=r aploado en
estrucherze, avuda a mitigar L deforestaciin
de randes mazas selvaticns, al fener en coznta
su densadad el bambu es mas lzpero, es fexibls
v resiste len vibeaeionea del melo evitande axi
=l eolapsa de la estmcra

The bamboo chein in Colombia

Study of import and export of bamboo
m r=lahon 1o other countres

Calombis haa 0.1%% of production in the world,
hewever 51 theusand to 50 thomeand hectares
are 559 nabaral and 5% oultvaied . of winch
anly 40% are need, althonsh there are ne
significant figures of the e of this matenal m
housing  comstruction some of the tests
condurcted coneider it ideal for consmaction in
areas of high seismucity becawss of i#s ability
1o abeorl energy and have flexibdiny, n other
canes it 13 wand as an awxbiary material soch as
between floors and mamdfachure of goods.

Mdeckamical bebaior of pressed Lasmated
hamiboa bamboo plosd wsing  different
adhesiv=s and envircnmental condibons

Mechamical properties of the bamboo
Angustifiolia nymz 3 oypes of acdhezmnes,
EMUF, CMUF, PVA

The resubte shoaed thet the lamimate o=ng
melamins wr=a formeldebyde showed less
registanee reduction when tested at paralls]
and perpendicular tension to the ghee

Respomss to the mpact of Gaadia bamboo
Angushiol Kanth

Split-Hopkinzon {SHFE) and Charpy
pressure bar tegs

Impact tests showed that the ensngy is similar
to duchile steel and 410 stamiess seel A
meximumm resstance of approsimately B MPa

ez obtaired.

Fuente: [18-27]
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The guadua Angustifolia Kunth presents
excellent, these have turned it into
fundamental focus in the implementation
of structural elements or complements
of the same one, it is a light material
perfect for resistant structures to tension
and compression, for what it would be
ideal to carry out constructive designs
with the same one, at present some
constructions exist with this type of
material but knowing his properties and
his abundance in Colombia will it be that
this is sufficient? The studies made to
the guadua Angustifolia Kunth must be
focused and investigated in depth with
the purpose of knowing its behavior
when mixed with other materials and to
give answer to the deficiencies that they
present, with the purpose of offering
to the future constructions security,
resistance and economic.

Conclusions

* It is observed in the studies found in
Colombia that the specimens of Guadua
Angustifolia Kunth tested with different
moisture contents did not present
considerable variations in strength,
but being a wood material it should be
waterproofed to avoid rotting.

» The interest of the authors in
investigating the Angustifolia  Kunth
bamboo in the field of construction is
analyzed, emphasizing the replacement
of the materials of conventional use
in structural elements with renewable,
sustainable and friendly components
with the nature.
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« It is analyzed that deforestation and
indiscriminate cutting of vegetation can be an
enemy for Guadua Angustifolia Kunth forests,
but favorably in Colombia there is still a great
diversity of these forests.

* When comparing the different postulations of
several authors who handled this material, it
can be seen that it is a material resistant to
tensile and compressive stresses

* The results of the different postulations of the
authors were varied due to the places where
they were developed, presenting diverse
characteristics with respect to the cultivation of
guadua Angustifolia Kunth as for example

* In Medellin, the cultivation of guadua
Angustifolia Kunth loses its resistance from
external layer to internal layer.

* In Girardot, the cultivation of Angustifolia
Kunth bamboo has advantages in the face of
seismic forces due to its low weight.

» At Girardot, the cultivation of Angustifolia
Kunth bamboo has advantages over seismic
forces due to its low weight.

* In Barranquilla the resistance of culms at
different ages gives greater resistance in the
intermediate fibre bundles.

* In Cali there is a lack of statistical studies
that demonstrate the production chain of the
guadua Angustifolia Kunth

This means that in order to make reliable
structural elements that offer security,
sustainability and economy, each location
of the Guadua Angustifolia Kunth must have
its respective study or take into account the
regulations exposed for each case, since
its characteristics can vary according to its
location.
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