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The Plybamboo Alternative

Abstract

The objective of this work is to test the suitapilof the use of
plybamboo as an alternative to plywood in concfetenwork.

The experiment was design to mimic the conditiangected by
the formwork lining. The experiment although nomnsilered
exhaustive was sufficient to demonstrate the plyixzon
suitability as concrete formwork. The inherent airsbility of

bamboo plantations can prove a capable ally inithe against
deforestation. Brazil, the country where deforéstats causing
irreversible damage, has an immense and undeedtii;mboo
resource.

Key words: Concrete formwork, plywood, mat — curtain
plybamboo, deforestation
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1. Introduction

Forests are a natural resource that since the itiagiof time have not only provided
food, fuel and building material but have also pded environmental conditions
which helps to support all living ecosystems (Okale1987). However these forests
are now under treat as only a small percentageeoh remain (WRM, 2003), this has
resulted from both commercial exploitation and wtamable management.

It is widely recognised that deforestation hasmpact on a wide range of ecosystems
and biodiversity (IPCC, 2005), it has been showat the withdrawal of the vegetal
covering heats up the soil as a result of expaogudérect sunlight, this causes the lost
of nutrients and water by evaporation. Deforestat@iso increases pollution
alongside the accumulation of silt in rivers, tiisdue to an increase in run-off
resulting from reduced ground cover (e.g. treeaj thtercepts and absorbs the rain
water (Santamouris, 2001).

Deforestation first attacks at topsoil level wherganic matter sustains an incredible
soil fauna of over 4 billion life forms per gram uluoka, 1985) that without
protection from ground cover and no mean of adeptatither die, or in the case of
insects (many of then pollinators) flee the plateséarch of a less hostile climate.
This pattern reduces biodiversity even further Itesy in the modification of wind
speeds, increased temperatures and the alteradtioced microclimate (Oke, 1981).

Deforestation also has major impact in the reledseéarbon Dioxide, considered the
main greenhouse gas responsible to climate chal®f@C( 2005). Forests act as
carbon sinks by sequestring Carbon Dioxide £a0 produce carbohydrates, fats and
proteins which form the tree. When forests areetedind timber is either burnt or left
to rot, the stored carbon is released back intathrsphere as Carbon Dioxide. It is
estimated that deforestation contributes one-thiréll CO, releases as a result of
human activity (Metz et al, 2004).

Faced with the problems caused by deforestatioongiderable amount of research
and work has been carried out that recognises émefils of reforestation. The

introduction of planted commercial forests as veslimproved efficiency in wood

processing to help minimise waste has been pravée fprofitable yet controversial.
However the potential of using Non Wood Forest Botsl (NWFP) as an alternative
to traditional timber production are yet to be yulleveloped.

Timber products from both planted and native fareste used commercially for the
production of mainly paper, charcoal and process@tber products used in the
construction industry. This study will mainly focos the question of the benefits of
the commercial and environmental suitability of treeng Non Wood Products in the
construction industry as an alternative to tradaiotimber products in the form of
bamboo boards

The following work will start with a brief historgf the wood exploitation in Brazil,
one of the countries most affected by deforestatamtording to the NGO
Conservation International based in Washington, U8hapter 2). Followed by
(chapter 3) the present forest situation with detan the two main species used in
commercial planted forestEucalyptus sppandPinus sppwhile chapter 4 gives the

MSc. Architecture: Advance Environmental and Enegydies 10
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three main destinations of wood forest productgpepaand pulp, charcoal and
processed solid wood products. Chapter 5 lookBeaspecialised field of engineered
wood panels with a citation of a variety of theduots offered in the market.

A literature review in the production of plywoodnche found on chapter 6 together
with the supply and demand of such board includiata on exports. Chapter 7 will
deal with the environmental impacts caused by pbavgroduction where for
convenience were separated in resource use, engeggnd resin chemistry.

Once all the background about the forests situatiom destination of its wood and

the specific production of plywood with it assoeitenvironmental impacts had been
covered, chapter 8 will present an alternativehi® éxploitation of wood (and the

deforestation it causes). The work will seek tgpoesl to the following question:

‘Is the bamboo plant a suitable alternative to mga used in concrete formwork '?

Chapter 9 will examine bamboos physical and medahpiroperties and with the use
of bibliographic references will compare it to wiglesed commercial timber.

Chapter 10 goes one step further and look intoptieeessing of the bamboo stem
(culm) and the different engineered panel and ®gmdduced mainly in China.
Chapter 11 is dedicated to the potential altereatte plywood; mat-curtain
plybamboo is produced in industrial scale to bedwselining for concrete formwork.

Chapter 12 will introduce the boards used in thpeexnent as delivered with its

dimensions and characteristic industrial procedsssribed in previous chapters. The
experiment designed to give an answer to the durestiised above (the aim of this
paper) is described on chapter 13 with the parasidexided to be important in terms
of concrete formwork in its performance and rezgition capabilities. The results and
analysis are expressed on chapter 14 while chaptgives the final conclusions.

MSc. Architecture: Advance Environmental and Enegydies 11
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2. The History of Timber Exploitation in Brazil
2.1 Pre-Colonization

The exploitation of the forests of Brazil startedhathe arrival of the Portuguese in
the 18" Century. The first product to be utilized was Bezilwood (Caesalpina
echinata) known by the natives as Ibirapiranga (imgared wood}. Famous for the
red dye extracted from the heart wood, the timbas ltonsiderable value in
construction work and handicrafts, and from thé ¢estury started to be used in the
manufacture of bows for musical instrumér{#snon, 1997).

During the Middle Ages Brazil wood (Pau-brasil) wasery important resource, and
after its discovery it was the only source of ramoant. As a result, enormous
guantities of dye wood were exported between 15td E850 causing permanent
damage to the natural forest [see map below].Adegric technology from the mid
19" Century on brought synthetic dyes to the marketsicey the decline of the
exports of pau-brasil (Bueno, 2001).

The exploitationof timber from Brazil started at a large-scale agien (official
documents show evidence) when Nau de Lemos, ortkeofirst ships to arrive in
brazil, returned to Portugal not only heavy witmltier and news of the discovery of
the new found land (Bueno et al, 2001) but als@mspof a willing and cheap labour
force, the native IndiansThe “Brasileiros” felled, debarked and dragged libgs
from the forest to the coast were the ships wererawall in exchange for mirrors
and other low value products (Prado, 1976). Theh Ipgce of the wood in the
European market made the pau-brasil the first esam@ommodity to be exported
from the new territories giving its name to the oy known today as Brazil (Fausto,
2002). The economic cycle of the exploitation of thee resource Pau-brasil lasted
for over 370 years and was probably the worse datias to take place in Brazilian
history, finishing only when there was very feweseremaining and the prices
dropped.

! a large tree that can reach 30 meters in heightairk brown bark that flakes in large patches,
revealing the shiny blood-red heartwood underneath

*There are no reliable figures on the quantity ofe€hinata exported for the propose of musical
instruments. It is thought that 70-80% of the wasdost in converting logs into bow blanks and a
further 70-80% is then lost in processing bow pfaito bows. About 1500kg of wood is cut to
provide 100-200kg of suitable wood for bows; a Engiolin bow demanding 1 kg of wood. A
professional bow costs between US$ 2000-5000 (Ah@97).

* Nau de Lemos was one of the vessels that arriv@tazil at 22 of April 1500 and was sent back to
the king of Portugal the new findings. Bueno, E.

MSc. Architecture: Advance Environmental and Enegydies 12
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Figure 2.1: The situation of the Atlantic forest
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The Plybamboo Alternative

m Jungle

M Perennial Grasses
Mangrove
Urban Areas
Atlantic Forest

Figure 2.2: The actual situation of the Atlantic
forest after last update

The figure 2.7 shows the situation of the Atlantic forest beftine arrival of the
Portuguese while figure 2.2 reveals remaining of fbrest after 500 years of
exploitation (map is from the year 2000). At thegent time scientists are waging a
war against time to try to recover part of the $btbat once covered large areas of the
country, which is now under the risk of extinctipRau-brasil Caesalpina echinaja
are in the list of endangered species by the Baazénvironmental agency (IBAMA,

1992)

The exploitation that started with pau-brasil dgripre-colonial times until its near
extinction mid 18 century, this was made worse by the colonizatimtess brought
about the need for land for agriculture and urbatnon. However in addition as the
supply of pau-brasil was depleting, the Portugustaged to explore the ‘Araucaria’

forests in the south of the country.

2.2 The Pine Cycle

The Portuguese now started to focus on anothevenétee species ‘Parana pine’
(Araucaria angustifolid)and in 1765 the Crown authorized the felling af trees in
the Brazilian state of Parana in the South regibBrazil (Szmrecsanyi, 2002). The
Timber proved to be very resistant as it was usdalitld the vessel “Sao Sebastiao”
that was used on journeys between Brazil and Palrfog more than 50 years without
presented any major problems of decay (Silva, 2004)

The main obstacle for the exploitation of such weas the difficulty in transporting
the timber from the forest to the port on the coéstaddition the communication
problems along side the competition of other womdgorted from Europe, mainly

4 The maps were obtained from the SOS Mata Atlatiebsite an NGO dedicate to the conservation anenergtion of the
Atlantic forest they are free to download from theebsite at: http://sosmatatlantica.org.br/?seatlas

® as after 500 years only 3% of the original foresbains,

6 Usually reaches 25-35 m in height, with a stratglmk and horizontal branches, becoming flat-tappéth age. Bark finely

scaly, resinous. (Silba 1986, SEEC 1996)
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Pine rigddelayed the start of mass scale deforestation. Mewenis problem was

then overcome with the construction of the roadwben the capital of Parana,
Curitiba and the coastal city of Antonina in 18Ti8.addition the railway line from

Curitiba to the port of Paranagua in 1885 openedwa way to transport the wood
from inland to the port making it the most econaaticimportant product in terms of
revenue generation for the Parana state

With the development of lorry transportation viamhe built roads now the timber
industry had a wider choice not only relying onwalys for transport of the forest
products. This opened the countryside to furtheplatation of this valuable
economic resource in what was before a dense dfidutlly accessed forest. This
resulted in the Parana pine becoming the main &yoduct from the Parana state
until the end of the Second World War when it startdecline due to over-
exploitation loosing its economical advantageshi ¢offee plantation, bring about
the end of the economical cycle of the Parana phiehe end less than 2% of the
total forest remaiffsfrom the original 20 million hectares of ParanaePicover
(mixed forest) with only 40 thousand hectares (@2@o) legally protected under 17
different conservation units (IBGE, 2003).

7 Pine Riga normally known as The Scots Pine (Paylestris; family Pinaceae). .In the British Isless now native only in
Scotland, but historical records indicate thatsbaccurred in Ireland, Wales and England as weil about 300-400 years ago,
becoming extinct here due to over-exploitation; Woed is pale brown to red-brown, and used for gdr@nstruction work. It
has a dry density of around 470 kg/m3 (varying witbwth conditions).

For being part of closed forest ecosystem in ordeet to the Parana pine the other trees wouldrgdip also be felled.

MSc. Architecture: Advance Environmental and Enegydies 14
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3. The Actual Forest Situation in Brazil (Land Usa@)

The forest cover is generally divided between matigrests and planted forests.
United Nations Environment Programme (UNEP) defia¢ive forest as both ‘open
forests and closed forest’, the latter charactdrisg at least 40% of closed canopy
(UNEP, 2001). However, planted forests are oftenmanoculture system.
Monoculture plantation started in Brazil in 1904ttwthe introduction otucalyptus
from Australia (Leonelli, 2000).

The pie chart below (figure 3.1) shows percentdgsod use in Brazil for each the
forests mentioned above, it also shows other l&es which summerize urban areas,
agriculture and livestock. It clearly shows the lamea covered by planted forests that
are estimated to be around 4.6 million hectaresvé®a 2005). This can be related to
different factors such as:

o0 Great abundance of native forests

o Late introduction of plantation species

0 Governmental decisions and the lack of investmenthe sector within the
country.

Figure 3.1: The land uses in Brazil

Uses of soil

33.50%

@ Native forests

m Planted forests
/ O other uses

66%0

0.50%

source: Abimci, 2003

According to Roxo (2002) Brazil is the only counirpere forests are not considered
part of agriculture

Although most of the country is covered by fordst participation of Brazil in the
international market of forest products as showfigare 3.2 below, do not reflect the
inherent potential of the country. In the grapwé look at Finland, for example, that
has a total territorial area of 338,000 km?, inghgdurban areas and livestock and
agriculture productionhave a 7.6% share of the market of forests prodwbite
Brazil with an area greater than 8,500,000 km?2f@®times the size of Finland) has
only 1.5% of the international market of forestgwots (ABIMCI, 2003).

MSc. Architecture: Advance Environmental and Enegydies 15
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Figure 3.2: The international market for wood products

International market share for forest
products

20.50%0

0 Canada
ml USA
11.60%%0 O Finland
58.80%0 O Braazil
~ 7.60%0 W Others

. 1.50%%0

source: Abimci, 2003

Countries with similar land mass as Brazil, suchAUshd Canada together share
more than one third of all the international markehbat exacerbates the poor
performance of Brazil's wood sector.

3.1 About Natural forest

As previously discussed Brazil native forests deddn closed forest, open forests
and other natural vegetation (as in figure 3.3 wgliwom the 850 million hectares of
territorial area over 560 millions are still covérby native forest. From this total
358.4 millions hectares are of closed native fard2(3 belonging to the Amazon
region), 56 million hectares of open forests arelrdmaining 145.6 million hectares
of other natural vegetations that includes hightas@vannas and semi-arid (caatinga)
regions.

Figure 3.3: Natural Forest Composition in Brazil

Composition of Natural Forests in Brazil
26%
[0
10% : : 64%
B Closed Native Forest @ Open Native Forest O Other Natural vegetation
Source: STCP (2002)
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3.2 About Planted Forest

The introduction of eucalyptus planted forest imBF proved successful. Eucalyptus
adapted very well in the tropical climate, as itaiquick growing and thrived in
different habitats, form sea level to 2,000 metéraltitude, in rich or poor soil, dry or
waterlogged (Burger, 1991). It contributed greatlythe developing infrastructure of
the country and was used for railway sleepers, foiethe steam engines and new
communication such as telegraph posts (ABIMIC, 2003

3.2.1The Eucalyptus Plantation

Today theeucalyptusis considered by experts a useful tree becauseeitatility it
can be used in different forms, the wood, for exiangan be used in the construction
industry, in the form of beans and columns, masts boats, packing and also
furniture, from the bark a tannin substance isastad and used to treat leather, and
the leaves are used in the cosmetic and cleanidgsiries due to its cleansing
properties (Run-Peng Wei et al, 2003) however eviin the wide range of uses in
Brazil eucalyptusplantations are mainly used as a feedstock forctikilose and
paper industries (Leonelli, 2000)

The eucalyptusis generally felled in 7,14, and 21 years compget8 cycles for the
same seedling planted (it will sprout favourablgading to the species) and the final
use determine the years for cutting (ambientehr2@04).

The most common species planted in Brazil accolglamtts final use can be found
in table 3.1 below:

Table 3.1: Species according to end uses

Uses Species Notes
Fire wood and Charcoal Eucalyptus grandis Quick growing species
E. uropylla
E.torilliana
Paper and Cellulose E. grandis Species that present white
E. saligna and soft heartwood
E. urophylla.
For posts, railway sleeperskE. citriodora Species that have greater
and stakes E. robusta natural durability
E. globules
For wood mills E. dunnii Species with greater
E. viminalis density are more stable as
E. grandis less cracks can be
expected

Source: ambientebrasil, 2004

The Eucalyptusspecies were the first exotic widely used for td#ions in the country
followed by thePinusfamily that also has a great presence in planted mainly to
the south the country where the climate is miléfeom the estimated 4.7 million ha
of planted forests around 64% is made up of Eutatypnd the remaining 36% of
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Pine (ABIMCI, 2005) while other plantations withespes such as Teak and Acacia
are still in its start.

3.2.2 The Pine Plantation

Plant species from the genpewus sppare also widely used in reforestation projects
in Brazil. Similar to the eucalyptus it has rapigth and has adapted well to the
climate (Thibau, 2000). Furthermore it has a betiéal yield comparing with the
same species growing elsewhere in the globe (J2884). While in USA the pine
plantations have an average annual growth of 1@en3hectare per year, in some
plantations in Chile this average oscillates betwEg and 30 per hectare per year and
in Brazil it reaches up to 60 per hectare per Y€arrere et al 1996).

Nonetheless the tree is an exotic in Brazil, withfirst species coming from Central
and North America (Bechara, 2003) and it has beiicized due to its characteristic
invasive behaviour. It disperses its seeds all yeaunnd (during spring it can spread
up to 3 millions seed per hectare) with 90% of geation (Bechara, 2003), has no
natural enemies (such as predators or herbivotmatsféed on its seeds) and has no
need for pollinators. Also they have low nutritibmaquirements which boost natural
regeneration (Mainieri, 1989). The reasons abovJthqagh a concern from an
environment point of view) made the pine an idelanpfor reforestation. It is a
proven resource for the paper and cellulose ingustrarcoal production (fuel) and
processed wood such as plywood, fibreboard, pebards for the furniture and the
construction industry (IBGE 2002).

The largest concentration of planted forests iolexl in the state of Minas Gerais
(Figure 3.4) with 1.8 million hectares where Eugalys dominates over 85% of the
area followed by Sao Paulo and Parana with therldiaving the biggest Pine
plantation (ABIMCI, 2003) , probably associatediwihe destruction caused by the
exploitation of Parana Pike

Figure 3.4: Areas of planted Pine and Eucalyptus iBrazil

Pine and Eucalyptus plantation by States (2003)
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The figure 3.4 shows the area and state where plaatations are found. It also
reflects a trend in the development of forest @toh where from the top six states in
plantation area five are located in the south andheast regions of Brazil. This is

o Although called Parana Pine the tree belongs tétiracaria family
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probably due to the intense industrialization wheéeenand for resources is greater
(ABIMCI, 2005). Sao Paulo and Minas Gerais togethegount for over 70% of the
total eucalyptus planted forests justified by tlmaentration of metallurgic (steel
works), paper and pulp industries both large coresanof wood products (BNDES,

2002).

MSc. Architecture: Advance Environmental and Enegydies 19
Marcio Mazzante Haddad



The Plybamboo Alternative

4. Where does the forest go?

Forest products have several different destinationterms of wood material with
three main sectors that are fed by forest resolé8BA, 2001):

o Paper and pulp
o Charcoal production
o Wood processing mills

The following chapter will explore the market stioa of each of the sectors aiming
in identify the origin of pressures on forest stgruking it natural or planted.

4.1 Paper and Pulp

Figure 4.1 below represents the different prodpotsluced and market by the paper
and pulp industry. The greatest consumer is fdrostary products with 32% of the
market share following by the packing industriethwli4% of the total (Pulp & Paper,
2005)

Figure 4.1: Paper and pulp international market

International Market of Paper and Pulp
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In Brazil the paper and pulp industry sector haveestimated 1.5 million hectares of
planted forest which corresponds to over 30% otdited planted forest in the country
(ARACRUZ, 2002). Figure 4.2 below shows the topchuntries in terms of pulp
production and consumption. The USA leads the wadd production with 57
million ton of pulp but consumes over 60 milliom&s; Brazil came in seventh with
7.4 million ton but consumes only 5 million tones.
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Figure 4.2: Pulp production and consumption
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For the paper industry the worldwide productioraisund 323 million ton with six
countries producing over 62% (BNDES, 2002). Braidl the eleventh with
approximately 7 million ton. The graph below (figu#.3) shows again the top 10
countries in terms of paper production and consionptFrom the developed
countries listed only Finland, Sweden and Canada kansiderable surplus in paper
production while Japan and Brazil can just fulidd demands. Other countries have to
rely on imports to supply demafldMDICE, 2005).

Figure 4.3: Worldwide paper production and consumpion
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The paper and pulp industry is considered one ef rttajor players in terms of
deforestation since despite of recycling initiasiva vast amount of pulp and paper
products still go to waste worldwide (Kill et alp)@0). The industry is also the fifth
largest industrial consumer of energy, accountargdf % of the total world’s energy
use (IEA, 2000).

10 The countries are: USA, Japan, China, Canada, Gsrarad Finland
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4.2 Charcoal

Research from the Minas Gerais Technology CentiEeTELT) has shown that not
only is charcoal production detrimental to the emwinent but revealed a correlation
between the production of charcoal and poor liviognditions. The research
concludes:

“The pig iron production chain present very distirwork conditions: In one side the
steel industries with international quality centidites and on the other side the
precarious condition of small scale charcoal protiol sites with intensive and

unsustainable use of natural resources in usuafipadling working conditions and

the use of child labour and inefficient technologhe thermal efficiency in the

conversion of wood to charcoal in small scale unicaled kilns is around 50% and

useful sub products are lost to the environment.”

In addition, research from the Brazilian InstitofeGeography and Statistics (IBGE,
2004) shows an increase in the production of cleiftom natural stands (e.g. native
forests) by 13.9% compared with 2002, going fronarlye2 million tons to 2.2
million tons. The production of charcoal from pladitforests however had only a
7.7% increase in the same period.

Figure 4.4: Resource use in charcoal production
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4000
3500 -
3000
2500 A
2000 -
1500 -
1000 -

500 -

x1000tan

1997 1998 1999 2000 2001 2002 2003

year

‘—0— Planted Forests e=O=== Native Forests ‘

source: IBGE 2003

The trend identified in figure 9 above is what expean the forestry industry are
calling “forest blackout” where the planted foresli not have enough time to grow
in order to supply the demand for charcoal. Thelgrshows that from 1997 to 2002
the use of planted forests for the production @frcbal have steadily decreased from
3.7 million tons to just over 2 million tons in tlyear 2002 achieving only a small
increase in the year 2003 to 2.1million ton (IB@BP4). The exploitation of native
stands for the production of charcoal has seennatant increase and in 2003 over
taking the production of planted forests, this has intimate relation with
deforestation and the increase of greenhouse gaseased in the atmosphere
(ABIMCI, 2003).
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4.3 Processed wood products

Apart from providing the raw materials for the pucton of paper and pulp and
charcoal that feeds industry, forests also prowide raw material for different

segments of the economy such as the constructidrfuaniture industries. In 2004

the turnover of the Brazilian industries dedicagedlusively for processing wood

products was around 2.1 billion USD while the tdgtahover of the industries in the
forest sector amounts 4.6 billion USD represen#itigand 4.5% of the national gross
national product (GNP) respectively (IBGE, 2003).

Figure 4.5: Flow Chart for forest products
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The flow chart above (figure 10) represents thedpetion chain for wood products
either from natural forests or planted ones. Thégyhm is not exhaustive as many
other products can be extracted from forest suctugserries and oils for example.

The following chapters will focus in one specifiegment of the wood production
chain in Brazil. It will examine the characteristiand, industrial processes of the
production of plywood which is used mainly for cogte shuttering.
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5. Engineered wood panels

The first register of plywood production dates bdckpharaohs tombs in ancient
Egypt where thin slabs of wood were glued togetwéh their grains running
perpendicular to each other thus the strength ef @y would compensated for the
weakness in the next (wood is generally much sep@agross the grain than parallel
to it). Similar examples can be found in ancientriep China and France in the™7
century (Zuckermanl1998)

The tree as a function of its growth direction annracteristics of growth pattern
presents a heterogenic and anisotropic structatectm affect its utilization. Theses
principles such as its dimensions, natural defeatd the effects of variation in
moisture content can affect the rate and form ization of the tree (Wilcox et al,

1991). These are explained in more detail below;

Dimensions: The timber dimension (length x width) is limited the size and
diameter of the tree.

Natural defects Can be described as features that develop iriefled (or living)
tree that can reduce its usefulness utilizatiorh sag brittleheart, sapwood, reaction
wood and other, figure 5.1 shows the way knots appesawn timber while figure
5.2 shows shakes and splits, some of the natufatideof trees (e.g. sawn timber).

Margin
knot

i
HERE
|‘i" l|

il

e - = Enclosed Dead A knot
— knot knot cluster

Dead knot
results if
branch is
severed

“"u I |;

Source: Everett, 1992
Figure 5.1: Knots are considered natural defects isaw timber

Source: Everett, 1992
Figure 5.2: Splits and Shakes
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Moisture content As expressed by Alan Everett (1994) “unless ihémetically
sealed on all sides, timber acquires a high mastantent when part of it is in
contact with water or damp material, but less obsjdeing hygroscopic, it takes in
or gives off moisture vapour until it reaches eitpuibm with the humidity of the
surrounding atmosphere. Temperature is relativedg important; at average relative
humidity the moisture content of the timber decesasnly a few per cent between 16
and 38°C.” Figure 5.3 illustrates some of the dsfdbat can arise after timber
seasoning.

Targential
movement

¥ .'rJ 1 'u'.'F.\.'.Jl

,\\

/I “éf/{:fl// ity \\\\'.‘\

f

Source: Everett, 1992
Figure 5.3: Timber seasoning defects

With these constraints and with the progress inu$e of adhesives to overcome it,
the wood industry has moved forward into the proiducof panels that have a vital
role in the diversification in the wood productsrBeing a man-made product, made
under controlled industrial process is possibladjust the final product to the precise
end use. This eliminates (or significantly redudés)natural defects, increases the
dimensions of useful timber whilst at the same tdeereases the problems caused by
moisture content variation (Wilcox et al, 1991, Eate 1994). The utilization of
industrialised wood panels has overcome the limoitatof natural timber and creates
a material with better physical and mechanical prigps opening the market for a
more widely use of timber as well as reducing potidi waste.
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The flow chart below represents the diversity daufor the engineered wood panels:

Figure 5.4: Wood based panel flow chart
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The flow chart above (figure5.4) identifies two amded main groups, the laminate
group the utilises laminated wood glued with sytithadhesives such as plywood
and blockboard and the boards made out wood pestenhd fibres such as OSB and
MDF.

Engineering boards appear in the market in a watety of forms as a result of their
diverse range of properties. For example, streunatles from weak materials used for
sound absorption and thermal insulation, to boart$ slabs which are suitable for
flooring and roof decking supported by joists. Hwgiring boards have been
developed to maximum performance suitable for tlagiplication (Everett, 1994).

The table 5.1 below shows the modulus of elastioftyslabs and boards on the
international market.

Due to the wide variation in manufacturing procése modulus of rupture is
presented in its approximate range.
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Table 5.1: Modulus of Elasticity of selected buildig material

Materials E ( N.mm 2)
Asbestos cement sheet (BS 690) 17.24~34.47
Asbestos wood 17.24~27.58
Asbestos wallboard 10.34~20.68
Chipboard 2.76~8.96
Fibre insulating board 1.03~3.45
Medium fibreboard 5.55~17.24
Plasterboard 1.38~11.03
Plywood 10.34~137.89
Standard Hardboard 24.13~55.16
Wool-wool slabs 0.34~1.72

After Everett 1994

Is not in the scope of this paper to enumerateyewend based panel in production
worldwide, figure 5.4 above give us the basic défees between boards in terms of
resource uses. In the following chapter we willlexp the plywood material.
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6. Plywood

With the advances of the industrial revolution fireduction of softwood plywood
found its mass-market potential. However moderrvwsmid plywood in which the
veneer is cut on a rotary lathe is of relativelgemg origin invented by Emmanuel
Nobel’. The first such lathes were set up in the UnitedeS in the mid 19th century.
The first softwood plywood industry appear in 199%ortland USA set up as a small
wooden box company, “Portland Manufacturing Compapyoducing is referred to
as "3-ply veneer work"™ manufactured from Pacific ridewest Douglas-fir
(Prnewswire, 2005) that was abundant in the region.

1940’s saw the start of the Brazilian
plywood industry, based on the natural
forest of Parana Pine (Araucaria
Angustifolia), however the industry did
not reach significant production until late
on the 70’s.

Following a study of the regulator body
the Brazilian Association of the
Mechanically Processed Wood
(ABIMCI) in 2003 found that the market

source: ecobrazil.com was shared by 320 industries generally
Figure 6.1: Parana Pine trees stands in of familiar size.
Campo Mourao-BR

From the total of the plywood production it is esdted that 40% tropical hardwood
as a raw material is used while the remaining 6%1ade using the produces of the
pine planted forest (ABIMCI, 2005)

6.1 Plywood Production

Plywood in an engineered wood panel made of thyeri& of wood veneer. The

veneers are glued together at right angles, soehel adjacent layer has its grain
perpendicular to the other, archiving a unifornesgth all over the panel. Stability is
better achieved by using an odd number of plies.

the father of the more-famous Alfred Nobel
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The process of plywood production is explainedhsy/figure 6.2 below:

Figure 6.2: Flow chart of plywood production
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Trimming

.
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The logs arrive in the factory and are
soaked in water (or steaming) in order to
achieve high and consistent moisture
content and also to easy the debarking
process done after conditioning

The log is sawn by peeling through a
rotating movement against a lathe blade
lying against the whole length of the log
producing a ply of veneer

The ply of veneer is cut to the desired
size by a clipping machine

In order to facilitate the bonding of the
veneer the plies goes through a drying
machine to reduce moisture content

If required small parts of veneer can be
jointing to form full-size sheets. This can
be done by edge gluing, stitching or
gluing paper adhesive tape.

After jointing the veneer present different
qualities thus they are sorted into
different quality grades.

The veneer plies are assembled through
cross bonding: with the grain of each

veneer at 90°o the adjacent veneer. They
are glued together with a synthetic resin

adhesive. Due to the hazards involved the
gluing process is supervised closely.

The bonded plies are then heated and
pressed in high temperature hydraulic
press. Sometimes a (cold) pre-pressing is
applied to improve the quality and makes
the pressing easier

After the pressing, the panel is trimmed
to the required size.
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Filling If necessary, surface defects are filled or
repaired. These defects are usually caused
by the quality of the log in use and are
related with knots created from the
growth of the branch.

Sanding Subsequently, most plywood is sanded to
give a better finish the end product.

Stacking and Storage The final product is then stacked and
stored until it is delivered to the end user.

Plywood has been an industrial production for mibeen a hundred years and since
then technological improvements has made the indesttremely efficient in terms
of minimising waste. Modern lathes reduce the t¢ghe size of a broom handle; the
bark is processed as fuel whilst the dust processtskbd other industrieso, 2004b)

6.2 Plywood Economics

Brazil produces plywood from both soft and hardwsdtie production of each will
be discussed in the following section.

The graph below (figure 6.3) shows that the praduodf tropical hardwood plywood

from 1996 to 2004 is far greater than consumptibrshows a small increase in
production from 1998 and 2001 going from just beB@0 thousands m? to 1 million

m3 in 2001 and 2002 and reaching over 1.35 miltabic meters in 2004 . On the
other hand the consumption has seen as steadilgas®cin numbers with a loss of
26% from 2001-02 going from 340,000 m?3 to 250,000amnd kept this figure the

following years

Figure 6.3: Production and Consumption of TropicalHardwood Plywood

Tropical plywood production and consum ption-Brazil- 1996-2004
1600 -
1400 -
E 1200
8 1000
800
600+
400 -
200

O 1=
1996 1997 1998 1999 2000 2001 2002 2003 2004
year
‘ O Production B Consumption ‘

Source: ABIMCI-2005

This makes hardwood plywood production an importacbnomic export when
compared to paper/pulp and charcoal exports. Ttee major importer of tropical
plywood are USA and UK that together absorbs ovE¥ 6of the total volume

MSc. Architecture: Advance Environmental and Enegydies 30
Marcio Mazzante Haddad



The Plybamboo Alternative

exported. The graph on figure 6.4 below show tleeeiasing in the export of tropical
hardwood plywood has jumped from 295 thousand coigters in 1998 to over 750
thousand cubic meters in 2002 reaching 1 milliobicmeters in 2004.

Figure 6.4: Tropical Plywood exports to 2004

Tropical plywood exports-Brazil-(1997-2004)

1100
1000

900 Ve
800

700 H

600

500 ,A.—\

400 Y

300
200

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

‘—I—Tropical Plyw ood Exports ‘

Source: ABIMCI-2005

Softwood plywood production saw a rapid growth reag over 1.8 million of cubic

meters of Pine plywood by 2004, however internahstmonption experienced a
considerable decline (shown by market researchiestjés a result of the start of
production of oriented strand board (OSB) in Brazi2002. The graph below (figure
6.5) illustrates this situation showing an increasethe production of softwood
plywood and a decline in its consumption in theinal market.

Figure 6.5: Production and Consumption of Softwod Plywood
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Since 1998 an increase in production can be sedstwbnsumption levels off, this

shows an increase in exports of such panel prqgiw plywood) what is confirmed

in the graph below (figure 6.6), the industry ofgiplywood is mainly focus in the

external market where the product saw a increais ralue making the exportation a
good way to over come the internal decline in pobidun. The exports went from 150
thousands cubic meters in 1993 to 1.85 million cubeters in 2002, an increase of
over 80%.

MSc. Architecture: Advance Environmental and Enegydies 31
Marcio Mazzante Haddad



The Plybamboo Alternative

Figure 6.6: Softwood Plywood exports to 2004
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In comparing the exports between tropical hardwpbadvood and pine softwood

plywood we find that in 1999 the volume exportssoftwood plywood exceed the
tropical plywood exports for the first time, a tdethat is repeated in the following
years. The graph below (figure 6.7) show this trand also the sharp increase in
volume export for both hardwood and softwood plyd:oo

Figure 6.7: Hardwood and Softwood export comparison
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Adding both hardwood and softwood plywood togettier export of panels reach
over 2.8 millions of cubic meters generating USI2 Aillion in revenue or
approximately 4% of the total exported from Braiil 2004 (IBGE 2005). This
amount is very similar to the exports from Finlaasl data from the Finnish Forest
Industries Federation, gives 1.2 million of cubietars of exported plywood.

Taking into consideration the difference of sizéwmen countries it is possible to
assess the poor performance of the wood processihugtries in Brazil. This low

production rate per hectare may in part be dué¢olaw investment in the sector
which is always subjected to political pressuresrdand and forests (Fin-Forests).
Meanwhile on the other side of the world the tatalput of China's plywood sector
was reportedly over 20 million cubic metres in 2@&ting the country at the top of
the league of plywood producers. Not surprisingtfa size of the country with its
high population and growing economy (IBGE, 2004).
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7. Environmental Impacts of Plywood Production

The impacts caused to the environment by a plywwodessing plant can be
expressed in terms of:

Resources use
Energy use
Resin Chemistry

7.1 Resources use

The production of hardwood plywood from non managedrces has caused concern
with respect in the use of raw materials. For edamexploitation of theCeibas
pentandratree for plywood production in the Peruvian Amaziuming the 1970’s let
to a complete depletion of resources in that aréan{ry, 1998). In Brazil
deforestation is also a growing problem, with ideédpgging being responsible for
most of the lost habitat in recent years (MMA, 2004

There are many areas where timber has an envirdamadvantage over other
building materials. For being a renewable resolirdeas the ability to maintain an
infinite supply if well managed also the capability sequester Carbon Dioxide
(thought to be the biggest contributor to the gheeise effect (Santamouris, 2001)),
and thought to have the lowest embodied energy eoedpto alternative materials,
such as concrete, steel or plastic. (McMullan, 2002

However not everybody agrees that forest plantadiom the solution for such a

problem. Forests are usually planted in monoculgystem, meaning that the same
species of tree is planted in rows across a givea @with reduced biodiversity when

compared to natural stands. The planted trees sarally exotic to the area and are
chosen for their quick growing ability to supplyetmdustry with raw materials, rather
than to maintain a balanced ecosystem (Carrere £997). Monoculture systems are
thought to cause irreversible changes of soils uptintations which could lead to

desertification processes (WRM, 2001). They require

o Intensive soil preparation with the use of greatoams of chemical
fertilizers.

o The elimination of competitive species generallptigh the use of herbicides
and

o0 Mechanical input for harvests reducing the numbérworkers in the
plantation and increasing unemployment.

Moreover plantations are always young forests bee#hey are harvest between 10 to
60 years (seldom at 120 years) hence it becomes ttlat plantation forests do not

harbour the same type of growth, soil or wildlife m ecosystems found in old-

growth natural forest.

Another issue related with monoculture plantat®its social impact; planted forests
are usually located in arable land where a smadlihg agriculture system is in place.
The small scale crops production and livestockimgatogether with remains of
natural forests helps protect the soil againstienosnd the run-off of nutrients
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(Mollison, 1988). The natural forests are also arse of fuel and forage for the local
population and its replacement to monoculture pldrforests increases poverty in
rural areas (WRM, 2001). Furthermore fast growimges$ used in monoculture
consume huge volumes of water reducing water septir local communities and
affecting local production.

In a research project carried out by the BraziliidG- FASE-ES and backed up by
the World Rainforest Movement (WRM) in 2083ound the real impact caused for
planted forests. The research interviewed locapfgeand the impression caused by
Plantar can be summarised by a residents answiantd? took everything we had”.
The research also describes the planted area Wuedyptus seedlings were found
among heaps of dead vegetation (caused by herbapgtcation). Water supplies
were directly affected by the plantation either tgasubstantial reduction or pollution
caused by chemical applications as well as wildigeere reduction. The report was
the base of a letter sent to the World Bank redquepgihe non inclusion of Plantar S.A.
in the Clean Development Mechanism and the carbexdtitcsystem (sinkswatch).

To be more environmentally friendly forest plardas should be based in agro-
forestry systems. A system that integrate cropgoaniestock with trees and shrubs
resulting in biological interactions that providelitiple benefits, including diversified
income sources (wood, fruits, berries, honey andosd increased biological
production, better water quality, and improved ketbior both humans and wildlife
(Agroforestry- UK).All of this would allow a bettarse of the land and would make
plywood production a step further in its environitaicredentials.

7.2 Energy Use

The processes of manufacturing requires consideblounts of energy for harvest,
transportation of the log to the mill, and albsaquent processes to the end product
and also for the adhesive production (which willdiscussed later in this chapter).
Nonetheless a large proportion of the energy usedbe self-generated from the
waste wood by-products of production to meet hadt@ower requirements (FAO).

Therefore to make production more economically amnd reduce the impact in the
environment the choice of processes should favmase requiring minimum energy
input allied to maximum tree utilization. The wdition of locally generated energy
from wood waste allied to downstream productionnfdacan further reduce the
impact caused in the environment closing the loefvben resource and waste.

7.3 Resin Chemistry

The main environmental concern related to plywamahy is the adhesive use in its
production. Adhesives have been around for mora 8200 years and were used by
ancient civilization in the make of furniture. Atat time the adhesives were produced
from natural ingredients such as blood, bone, neitigs etc. and were not resistant to
weather conditions. With the advancing technolodiesives were developed using
synthetic resin that are more resistant to weadherwater. Such adhesives found a
huge market particularly in plywood production wiér could produce boards with

2 The research aimed to the impacts caused by tbalyius plantation from Plantar S.A. in Minas
Gerais-BR
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high mechanical strength and stability and weathsistance. Table 7.1 reveals the
main properties of major adhesives (Weng&@96) used in wood working.

Table 7.1: Properties of major adhesives used inaedwork

Adhesives MD* TS Flex.t Colour t SWt
Natural
Animal Low High ... Colourless No
Vegetable Low High ... Colourless Some
Casein Moderate Moderate Low Colourless Some
Synthetic
Thermosetting
Urea Moderate Low Low Colourless No
Phenol High Low Low Reddish No
Phenol-
resorcinol High Low Low Reddish No
Melamine High Low Low Colourless No

Thermoplastic
Hot melts High High High Colourless No

PVA Moderate Moderate High Colourless No

after: Gene Wengert 1996M oistureDurability is related with the resistance to stréngss under high humidity exposure:
Temperaturéensitivity deals with loss of strength above nornsaim temperature; Elexibility is the ability of the glue to flow
after curing and colour is the appearance of tmeccglue line;t- Staining of Woodparameter relates to wood colour change

due to the interaction between wood and adhesive

From the point of view of plywood production two ima@roups of adhesive are used
depending on the final utilization of the board®\t are:

7.3.1 Natural Glues

Are the ones derived from a wide range of natusalrces such as hides and bones
from cattle, starch from plants such as cassawwowprbeans plants, from blood and
from a protein extracted from the milk such as raddatural glues have unlimited
supply and requires very low energy to be produaedever their moisture resistance
is rather low what makes it unsuitable to be usdtigh moisture environment

7.3.2 Thermosetting Synthetic Glues

Glues in this section are a result of chemicalaadeand are produced in laboratory.
Such glues require heat to undergo an irreversisdgnical curing reaction and hence
called thermosetting (e.g. sets under heat). Thgormingredient is usually
formaldehyde often with added catalysts to speetheguring reaction and additives
that improve its properties. Filler are also useadantrol such properties (make the
glue thicker) and extenders used to reduce the amofuglue used thus reducing
costs. These glues are named as:
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o Urea-formaldehyde(UF) - This is one of the mostylap adhesives used in
the wood processing industry, it provides modenateisture resistance,
colourless glue lines, and a wide variety of praiperthrough multiple
formations. Its main disadvantage is that its cloahmieaction is likely to leave
free formaldehyde that evaporates at room temperafiormaldehyde causes
cancer in animals and can probably cause canckunmans (OSHA, 2005)
and is considered as an active compound in thebsigling syndrome. UF is
considered moisture resistant but will not laswvet condition. It takes 6 hours
to dry at room temperature but only a few minute®04C.

o Phenol-formaldehyde - This dark red adhesive uguatbvides the most
moisture-durable joint. It is classed as WBP (stiortweather and boiling
proof) being very resistant to moisture. The maiawback of such adhesive
is its high costs and it petroleum origin in sayisg it is non renewable
however its strength properties and quality undesim environment made it
widely used in the production wood based panelenBhformaldehyde cures
at 130°C.

o0 Melamine - These adhesives are in the middle ramgeiding intermediate
cost and performance between urea and phenolsrarrdraly used alone, but
combined with urea adhesives to increase urea'sstamei durability.
Melamine formaldehyde is classified as boiling s&sit (BR) by BS 1203:
Synthetic resin adhesives for plywood while theregpondent Brazilian
standards NBR 9531 (1986) classifies it as forrexteise (EXT).

o Resorcinol-formaldehyde - The resorcinol adhesaressimilar to the phenols,
but cure at low temperatures. As they are expenaifermulation of phenol-
resorcinol provides a lower cost adhesive that $ids exceptional and
desirable properties. They are used in exterioosupe conditions, including
boat building.

There are other adhesives in the market but theyswally to expensive to be cost-
effective in wood-based panel production howeveeaech has been carried out in
Brazil to find appropriate substitute for the pétton based synthetic adhesives, the
paper written by Dias and Lahr (2004) entitled: t&khative castor oil based
polyurethane adhesive used in plywood productidmdwss the potential of natural
adhesives in plywood production after laboratostdeachieved similar physical and
mechanical properties as plywood manufactured plignol- formaldehyde

MSc. Architecture: Advance Environmental and Enegydies 36
Marcio Mazzante Haddad



The Plybamboo Alternative

8. The Bamboo Alternative

Bamboo has proven to grow faster than any otheritreéhe world (FAO, 2000) in
Kyoto, Japan an astonishing 121 centimetres groveih recorded in 24 hours (Ueda,
1981). In addition to its fast growing ability i high fibre strength, is annually
renewable without replanting, has an adaptabilityrtany different soil types and
climatic conditions (Murphy, 1992, Liese et al, IP9is virtually pest and disease
free, has excellent soil stabilization capabiliteich reduces nutrient and rain water
runoff (thus is efficient in erosion control), ia$ an extensive canopy that provides
wildlife with both protection and food, and it cafso be worked with simple tools
and utilized in a wide range of products, from fdodbaskets, from roof rafters to
water rafts (Farrelly, 1984).

Currently research has found that there
are 75 genera and 1,250 species of
bamboo (Rao et al, 1994) in the world,
especially in the tropical and sub-tropical
climatic zones.
Although a wood-like plant bamboo
belongs to thgramineaefamily with an
extensive rhizome system capable of
storing huge amounts of nutrients that
N are required for the plant’s extreme rapid
i Q_'f e _‘/“"\""‘*\h _” grOWth_

source : Bamboo, the Giant Grass (Luis Marden)

= L

Figure 8.1 Bamboo world distribution

According to Londono (2001), Latin America has thest abundant bamboo
diversity in the New World with 429 species in twegenera. This accounts for over
39% of the species and 31% of the genera in th&wBrazil is the richest in

diversity with 135 species in 17 genera and twespabies (Judziewicz et al, 1999)
This is comparable to the fact that Latin Amerioggesses nearly 47% of the world’s
tropical forests and 70% of the world’s wildlifeAB, 2003).

Despite the richness of bamboo resources in Latiierca very little importance is
given to its economic potential when compared t@Asgountries that have an
ancient history in bamboo utilization.

8.1 Brief History

China is probably the most important country in bam utilization. Its uses can be
traced back to around 6000 years. According witfddsor Zhu Zhaohua, a
fellowship from INBAR, records from the excavatiohBanpo Village, that existed
between 6800-3600 years ago where is now the €i¥i'an show various kinds of
bamboo weaving products. A detailed monograph onkdo® was published in the Jin
Dynasty (265-316 A.D), which introduced the techusig of distribution, cultivation,
utilization and making dried bamboo shoots (Zhaol2@95). During ancient times
bamboo was used as tallies — vouchers where enspesad to issue orders and
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deploy forces. It was also used to make varioudiof music instruments that until
now have an essential position in the Chinese rausidture.

A Chinese scientist has tried to establish all fpdssmethods of utilization and
counted 1,386 applications for bamboo (Parker, 196fis includes, Thomas A.
Edison who 120 years ago amazed the public withrention of the light bulb that
used carbonized bamboo fibres as filament (Dunkeg/#985).

In Latin America bamboo has been used since pref@ilmhn times however despite
reports of the utilization of bamboo plants in gveountry of the region it has little
significance in the local economy (Londono, 2000his dates back to the arrival of
the Spaniards in the T&entury and their aversion to the giant grasschbiie to its
abundance were considered weeds only used by mdiad poor people in the
construction of their houses (Hidalgo, 2004).

In the present day the growth of interest in bambaeflected by the work of INBAR

— International Network for Bamboo and Rattan, aternational organization

established by treaty in 1997, dedicated to imprgvihe social, economic, and
environmental benefits of bamboo and rattan thraaugfobal network of partners in
over 50 countries aiming the implementation of abgl agenda for sustainable
development using bamboo and rattan as a primaouree.

8.2 The Bamboo Plant

Botanical classification divides all living planits two main groups; gymnosperms,
plants with naked seed and angiosperms, plants evitiosed seeds. The latter is
subdivided in two groups; monocotyledons, when glavith a single seed leave (e.g.
bananas, palms, orchids, grasses, etc.) and didotys with twin or multiple seed

leaves (Mauseth, 2003).

Bamboo is classified within the genus monocotyledonthe family of Gramineae
(Poaceae), subfamily Bambusoideae presenting matise leaf blade anatomy that
differs from normal grasses. Bamboo is consideresady grass and thus a member
of the woody plants that which also includes brtead trees (hardwood) and needle
bearing trees (softwood). The basic anatomical eterof the plant is the cell, which
in joining with other cells forms the tissue ane flointing of tissues will form the
wood mass. The ways in which these processes determine the wood properties.
The lignifying cell structure of bamboo and its lieological properties are very
similar to the wood tissue, bamboo may therefose ak termed ‘wood’ (Dunkelberg,
1985). The differences in bamboo rhizomes can bedaon appendix .
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8.2.1 Bamboo Culm

The Bamboo stem, also called culm, is the parhefliamboo that is above ground
level and is composed of different parts as shothenfigure 8.2 below

| — Cavity: Most of the bamboo species
present hollow culm.

[l — Diaphragm: A transversal tissue
partition of the culm ate the node.

[l — Node: A segmentation of the culm
(or rhizome) from where branches (or
roots)originate.

IV — Branches: In most of the species the
branches start growing after the final
height of the culm is achieved.

V — Internode: Is the piece of the culm
between nodes

VI — Wall: the woody part of the culm
between the cavity and the outside face
of the culm.

Figure 8.2: The bamboo culm

8.3 Differences between bamboo and tree growth

The main difference in growth between bamboo aadstris that the former do not
present radial cells elements and for this reakenbamboo culm will not grow in
width with age as tree do. Trees grow through tiren&tion of specialised tissues
called meristems. The apical meristem (relatethéogrowth in height of the tree) will
grow and be replaced by a lateral meristem caldediéum located between the bark
and the pith of the tree (Mauseth, 2003). The camigproduces new cells from the
inside to the outside pushing the old bark outwemdsequently the tree grow in
diameter (Wilcox, 1991). Bamboo plants do not haambium or radial rays
therefore lateral movements of nutrients and liguade greatly hindered (Liese,
1998). A transversal section of a bamboo culm idde with the cavity shows the
typical anatomical structure as shown in the figdibelow:
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Outer layer, or epidermis: Is a dense layer with
fibres closed packed together and bonded by a
high silica content that protect the plant and give
stiffness.

The fibro-vascular area: Here two parts can be
distinguish: one is the dark dots consisting of
vascular bundles reinforced with fibres is
responsible to longitudinal movement of sap, and
the other is the embedding matrix called
parenchyma (similar to concrete between steel
bars). The number of vascular bundles decreases
from the outer to the inner layer.

it Inner layer: Is a thin membrane that could be
source: conpbam.inio -

Figure 8.3: Bamboo cross section flrmly_attached to the cu_lm or loosely attached
where the outer layer is at the top even in young culms (Hidalgo, 2004).

Trees on the other hand do not grow the same wayamboo described above but
with the distinguish presence of growth rings gmgvin an outward direction (as
explained before) and will continue to grow in deter as long as it lives (Chapman,
2000). Figure 8.4 shows the different sections @fasversal cut through softwood
tree.

From the centre out:

Pith: Is where the apical meristem start in a

young seedling. In old trees the pith is not living

matter.

Heart wood: consists of concentric growth rings

in which two distinct layers can be noticed the

thin and dark called late wood, and the large with
light colour called early wood or spring wood.

Sapwood:Is the live part of tree where cell

division occurs and the vascular bundles are

found. On the outside layer phloem forms bark
tissue while in the inner layer the cambium form
wood.

Rays: Are found in the direction of growth and
cource: web.utked are responsible to the radial nutrient transport.
Figure 8.4: Photo of a young balsam Bark: Is the outer side of the tree trunk that is dry
tree and dead protecting the tree.

The fact that bamboo grows in only one direction passibly have a relationship
with the speed of growth of the culm. Bamboo coa®d the fastest growing plant in
the world can reach heights of 10-30 meters in 20-days (Abd. Latif et al, 1995).

Once the shoot emerges from the ground it alreatyains all the diaphragms that
the mature culm have when matured (Farrelly, 1984 rapid growth can be an
advantage over trees, when growing demand for tirpbsducts impose pressure on
timber forests.
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9. Bamboo Properties

As with wood in order to better choose an appraprspecies for certain use it is
sensible to determine some of bamboos physicakptieg (e.g. density, moisture
content) alongside its mechanical properties. Dneér is related to the
characteristics of the material and the lattetdsirength (Janssen, 2003).

Again as with wood Bamboo properties vary accordmghe species and within the
same specie depending on environmental conditi@ignate conditions affects
bamboo properties and culm characteristics as esfluy Gnanaharan (1991) on
Dendrocalamus strictuplanted in different climate conditions. The statotated on
high precipitation areas presented longer internspaces, greater diameter and
poorer modulus of rupture and elasticity than thesoon drier grounds. Depending on
the final use one can be better than the other@tieer environmental condition such
as topography, soil fertility and altitude abova $evel will affect bamboo properties
in one way or another and the decisions aboutvatitin and management of stands
must be taken on particular cases.

Table 9.1 shows how some bamboo species compahetne# species in terms of
modulus of elasticity and modulus of rupture. Talelé consider the stress parallel to
the grain with timber and bamboo culms moisturet@atnof 12%.

Table 9.1: Comparison between bamboo and wood
Species Modulus of rupture Modulus of elasticity

(N/mm?) (N/mm?2)

Phyllostachys bambusoidet! 86 9032

Bambusa vulgaris? 61 6964

P. Pubescens? 97 7929

B. tudoides? 151 15858
Guadua angustifolia3 141 17237
Araucaria AngustiloliaqParana pine) 90 12893
Pine sylvestris $cots pingt 88 12342
Quercus rubraQakt 126 13652
Carya sinensisHickory) 139 14893

1 — Quisheng, 2000, in China; 2 - Suri, S.K. and@fan, R.S. 1984. Indian timbers, Bamboo infornmaBeries 28, FRI, Dehra
Dun, India.; 3 — Hidalgo, 1981 Tt - Wilcox, 19%1--Everett, 1992

The comparison shows the higher values obtainedodoyboo. Two species of
bamboo presented higher modulus of elasticity tharmwood timber and the same
happening with the modulus of rupture (or benditg@ss) giving bamboo better
characteristics and demonstrating its potentialnvtiesign to function according to
its properties.

In terms of modulus of elasticity the timber presevalues that vary between 12000
to 15000 N/mm?, while the bamboo species has arwaige between 7000 to 17000
N/mm?2. Here again bamboo has presented a greatation in mechanical properties
when compared to the wood timber. This might bdampd by the differences in cell
structure found within the species belonging to@mamineaefamily and also to the
scattered data and plantation location (Liese, 1998
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9.1 Density

The basic density of bamboo material (e.g. wholemcweight / green bamboo

volume) varies in the range of 0.40 to 0.90 g/c@slenget al, 2001). The density

will depend mainly on the number and distributidrvascular bundles. As a rule of
thumb it can be said that the density of bambomadukreases from the inner to the
outer part with the density of inner layers incregswith the thinning of the culm

wall. The density is higher at the nodes than airternodes (Liese, 1998).

Table 9.1 below shows the variation in density enésd by some bamboo and tree
species, it should be noted that this is this fiencbf the environmental conditions
found in the area of growing. The first four spedisted below are bamboo species
while the last three are tree species. Tree spacesnore widely studied and data
about expected density of a chosen species isyefmihd in reference books,
however with bamboo the lack of scientific studissstill a barrier for a better
acceptance as an alternative to timber. In gemenalboo density varies between 0.5
— 0.9 g/cm? while wood varies in the range of 6-3004 g/cm3.

Table 9.1: Density of some bamboo and tree species
Dendrocalamus strictus? 0.643
Phyllostachys pubences? 0.666
Bambusa vulgarist 0.700
Guadua Agustifolia3 0.820
Araucaria Angustilolia(Parana pine)t 0.545
Pine sylvestris(Scots pine)t 0.513
Ocatea rodiae{Greenheart)t 1.041

1 — density of dry bamboo Anonymous at scholawdibdu/theses/available/ etd-08212000-10440027étnicted/Chapter3.pdf
2 — density of green bamboo, Spence, R.J.S. anil, Cod. 1983. Building materials in developing ctigs. John Wiley and
Sons Ltd. UK - 3 — Density of dry bamboo, Hidal@881 - T - wood at 12% moisture content, Ever&®21

The bamboos shown in the table 9.1 are denser timaber, as a physical
characteristic which under some applications bambmald more useful.

9.2 Moisture Content

The strength of the bamboo culm wall is influendsdits anatomical structure and
the moisture content (Hidalgo, 2002) and accordm@anssen (1996) and as with
wood culm strength is likely to decrease with theréase of moisture content.

In living bamboo, moisture content varies greatlgtween species and among
individual culms of the same species. This is taxen in the same clump in
sympodial bamboo, as well as in different partsttef same culm. The moisture
content is also influenced by the age of the cuhah the season of felling ( McClure,
1966). According to Hidalgo (2004) in green coratis, moisture content varies from
40 to 150%, with one year old culm having a mosstcontent of 120 — 130% spread
around the culm. Older than two year old culm pmesegradient in moisture content
been greater at the bottom and decreases towardspt{Liese, 1998)

In dry bamboo this difference seems to balancestadies carried out on the basal,
middle and top parts @dambusa arundinaceshows that green bamboo had moisture
content equal to 48.5 — 38.5 — 31.6% respectiwehjle the dry bamboo had 15.7 —
15.6 — 15.2% respectively ( Kumar and Dobriyal,899ese, 1985).
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9.3 Shrinkage

As bamboo like wood is a hydroscopic material dretéfore will expand and shrink
depending on the relative humidity of the surrongdenvironment. Bamboo is also
anisotropic, meaning the its properties varies @gltre plan sections of the material
giving different rates of shrinkage and expansisulting ultimately in the failure of

the material in the form of cracks and splits (3ans 1995, Liese, 1998).

According to Liese (1985), bamboo starts shrinkirgn the moment it is harvest
affecting both the thickness of the wall and itardéter, and shows a tendency to
decrease from bottom to top. The drying of a gre@amboo to about 20% moisture
content leading to a shrinkage in the order of461n the wall thickness and from 3
— 12% in its diameter, whilst minimum deformatioecurs in the longitudinal
direction (Sattar el al, 1992)

Round wood, on the other hand presents the gresiteéskage in the circumferential
direction. This is in the region of 8% with shrigje@ain the axial direction in the
region of 4% and 0.4% in the longitudinal directi@olby, 1988). The different
shrinkage direction in the same plan is probabdydhuse of cracks during the natural
drying of the wood, and one of the reasons to @senstimber for construction.
However bamboo culms are hollow therefore thereasshrinkage in the axial
direction. The changes in the diameter of the bardre caused by the shrinkage of
the culm wall. The different stresses intensitiestbe same plan caused by the
changes in vascular bundles density along the tvikness are the probable reason
for cracks. These cracks will open and closed alicgrto weather conditions
decreasing the strength of the culm.

The physical properties described above were datedby the author for the board
samples used in the experiment designed to vehiéy duitability of the use of
plypamboo as an alternative to plywood in concretenwork. These properties
studies and can be found in appendix II.
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10. The industrial processing of bamboo

Bamboo has a history of versatility and wide udition from the first Dynasty in
China to the pre-Colombian Latin America, today lf@@nboo industry and trade are
estimated to be around 10 billion USD (Geographi2@D4) although precise figure
are hard to obtain due to the diversity of produmtsl volumes traded annually
(Hunter, 2004). In addition to this, interest imfi@oo products are relatively recent
and although a wide range of research has beerdaarut in structures, properties
and preservation of bamboo alternatives the resulisyet to be used by architects
and engineers.

Bamboo is a hollow structure that does not perfaretl under shear strength. This
can either be a negative point for certain appbeeat but in others can offer a turning
point. The hollowness of bamboo makes it very daspe worked with by using
simple and affordable tools as stated by Jans€95]1

“... in most cases a sharp knife will do the job adlwVith such a knife any villager
can split bamboo strips of around 20 mm wide amd 2 mm thick. In Africa a man
was making 2mm wide, 1mm thick and 4 meters lotigomiy a small knife. The

result was perfett

The processing of bamboo culms can be understdlmiving figure 7 below; if both
primary and secondary preparations as well as pyimeocessing are done in the
vicinities of the plantation large saves can be enadhe transport of bamboo cufths
what in many cases can decide the feasibility efpitoject.

Figure 10.1: Flowchart of basic bamboo processing

Primary Preparation Secondary Preparation
- Delimbing - Gummy extraction
Starch replacement

v
Primary Processing :
- Spliting Secondary Processing
N Bending = - Bleaching
Flattening i Carbonization
Slicing - Dyeing
Slotting
Finishing
N - smoking P
i - painting D
- plating, ...

Source: after Gnanaharan, 1997

13 The hollow bamboo is not economical to transpoit tekes a large volume for a small weight of drtterial, transport cost
are a limitation for the use of bamboo in area wliedoes not grow.
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There are several processing technologies thatarsé#oo as a main raw material,
from joss sticks to bamboo blinds and plybambocefsansed in the construction
industry. This paper will concentrate in a spestgdroduct for the use in the
construction industry as formwork for concrete; tinet will enumerate the basic
features of bamboo based panel, and the produetsdifferent manufacturing
technologies, but will give more detailed infornoationly on mat-curtain plybamboo.

Numerous composite boards and cement bonded bibeatdsre still under laboratory
experimentation alongside small scale restrictedyction will not be mentioned in
this study as they deserve a study on their on.

10.1 Bamboo-based Panels

The first bamboo based panel was produced in CHumdng the World War Il, where
bamboo mats were bonded with casein glue to forboard used as a plywood
alternative in the interior of aircrafts (Ganapattyal, 1996). Today more than 28
types of bamboo based boards were developed in diffeyent countries, mainly in
Asia with limited examples in Colombia and CostadRi

China is the most developed country in terms of li@anboard technology, and has
an estimated production of 100,000 m3 per yearaofefs of various types, in some
200 mills. India is the second largest produzieza 2,000 m3 per year by seven mills
(Zheng, 2003). The bamboo industry is intuitivebfidwing the steps of the wood
industry however there are advantages to using bamb

Great dimensions with small deformation

High strength with high wear resistance and enaiifimess

high insect and rot resistance

More uniform properties in both directions

The surface can take different finishes to mededarequirements

(ool elolNe)

10.2 Classification of Bamboo based panels

As China has the most advanced technology in tleystion of bamboo based
panels the present classification follow studiesried out under commission of
INBAR. Further information can be found in the meigces on the back of the
volume.

In respect to the manufacturing technology bamlaeels are divided according to
the figure 10.2 below:
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Figure 10.2: Bamboo based industrial products

Products from bamboo strip Plybambor

—>| Laminated bamboo boe |

—>| Laminated bamboflooring |

Products from bamboo slivers Mat plybambo |

Curtain plybambo

Mat-curtain plybambo

Products from bamboo particles_:—>| Bamboo chipboal

Bamboo composite produ |

Bamboo products made of strips utilises the indalgbrocess, bamboo segments are
either flattened under pressure (plybamboo) oircattwo blade circular saw to yield
square edge strips of even width and thickness, area further processed and hot
pressed producing laminated bamboo board and figdfisheng et. al. 2001).

Bamboo chipboard is essentially a copy of wood lobérd while last boards are the
composite of miscellaneous material selection; grpntation is under way to study
the behaviour of cement boards reinforced with baonfibres, sandwich boards of
bamboo — wood, bamboo fibreboards and so on. Tdrergeveral other boards under
trial and the potential of bamboo based panelgyerat, especially in countries with
bamboo stands, because bamboo is a perennial thntesponds well to selective
cut, a sustained yield of culms can be achieveamsdring the production output of
the factory (Zhengchan, 2004).

Products made from bamboo slivers will be explaiimedietails in the following
chapter, as the present study will be subjectiryd®produced under this technology
to tests where they will be compared to equivalesd based panel.
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11. Mat — curtain plybamboo industrial technology

Not all bamboo species are suitable for induspraicess as suggested by INBAR
collaborators. Further research must be done inelehd uses to bamboo resources,
to support a industry with quality raw materials.dddition to this for the industry to
become competitive to wood based products plamsiineed to be increased to cope
with the increase in demand.

The process for the production of mat — curtairbptpboo is actually two processes,
one that produces mat and other that producesimsirtin the two main countries

where mat boards are produced, China and Indiantite are weaved in rural areas
and sold to the processing factory, research frbe Ihdian Plywood Industries

Research Institute (IPIRTI) states that the bamib@aving generates income to
women that for different reason cannot leave home.

As suggested by Qisheng (2001) the most suitalenraterial for the production of
slivers is a bamboo that presents a long lengtivd®t nodes such as Phyllostachys
glauca, Phyllostachys heteroclada, Neosinocalanfiirsisa Dendrocalamus affinis
however other species can be successfully usedRVR002).

11.1 The board making process

In order to produce mats is necessary to procesbamboo into slivers which can be
weaved into mats, all the process of sliver malkiag be made without the use of
machinery although the use of machine occur in reeseof advantages such as
reduction in waste material, increased productimhienproved quality.

These processes from the raw material to the §iedliproduct can be visualised
below:

The Raw material

Bamboo freshly cut is transported to the
primary processing plant. A high

moisture content is desirable because dry
bamboo is to brittle for splitting.

Generally 3 — 4 year old culms are
preferred because they already reached
maturity and are more easily worked.

source: Haddad’'05
Figure 11.1: Freshly cut bamboo
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Cross cutting

The bamboo is cut to a dimension in
accordance to the final product but
usually less than 2.5 meters

The cut should be plane and smooth and
3 — 5 cm from the nodes

source: Haddad’'05
Figure 11.2: Cross cutting tool

Splitting Machine

After cross cutting the culms are split as
shown in the figure 11.3 where the culm
is pressed against a set of knifes.
The set of knifes is composed by radial
blades that split the culm in equal parts.
Different set of knifes have varying
number of blades that cut the bamboo in
strips of different widths. The set of
knifes can be seen in the background of

source: Haddad'05 the picture_

Figure 11.3: Bamboo being split

Knot removing

Bamboo splits have nodes (knots) on the

outside layer and diaphragm on the inside

layer. The outside layer is rich in silica

(cannot be glued) while the inside layer

has lower density of vascular bundles and

therefore is the weakest part of the culm

wall both layers must be removed. This

operation can be done by hand or by

machine. The resulting splits are even in

thickness and width in the figure XX

shows the splits on the left had side aftesource: INBAR-TOTEM, 2002
been through the knot removing machindg-igure 11.4: Machines remove bamboo nodes
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Sliver making machine

Slivers are sections taken parallel to the
chord of the bamboo culm and are much
thinner than they are wide. This process
can be easily done by hand using a sharp
knife however the use of machines can
drastically increase productivity and
guality of finished slivers.

The machine has a fixed blade which the
bamboo split is pressed against; rollers

source: INBAR-TOTEM, 2002 pull the split toward the blade. The width
of the slivers can be adjusted according to

Figure 11.5 : Sliver machine in operation need.

Mat weaving

Mat weaving in India and China is

usually done by women, increasing
household income. It is also considered a
social job where the weavers are from the
same community and have the
opportunity to interact as the work is not
physically or mentally demanding.

There are several patterns that can be
weaved giving the final product a

differentiated look source: INBAR-TOTEM, 2002
Figure 11.6 : Mat weaving

Bamboo Curtain

There are two kinds of bamboo curtains;
the thin curtain made with bamboo strips
not thicker than 1mm while thick curtains
have strips of 2 — 3 mm in thickness. The
strips are hold together with treads of
polyester fibres ( pink threads in the
picture on the left)

To make mat — curtain plybamboo the
curtains are usually woven and dried in
scattered rural areas while to make
curtain plybamboo covered with paper
requires higher quality strips and

_ ) therefore are made using machines in
Figure 11.7: Bamboo curtains to be assembled factories

source: Haddad’'05
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Impregnating

The adhesive consumption is the major
drawback in the production of mat —
curtain plybamboo because it has many
pores and gaps. Mats are impregnated in
a resin pool and the surplus is extrude
with the help of rollers (see photo on the
right). Curtains are sunk in a resin pool
for a few minutes than is pulled out and
hung above a dripping tank.

After that mats and curtains are left to
mature for a period not longer than 24  source: Haddad'05 _
hours prior to assembly. Figure 11.8: Glue spreading

Assembling

Bamboo mats are applied as surface
layers and bamboo curtains as core layers
the number of curtains varies in odd
number each layer orthogonal to the
adjacent to give even properties in both
directions and depends on the final board
thickness.
In the photo to the left is possible to
identify the curtains assembled as core
layers (note the treads that keep the splits
together into mats) and the mat surface
source: Haddad'05 layer being applied. After assembly the
Figure 11.9: Board assembling set is ready to hot pressing

Hot Pressing

The hot pressing is an adaptation from
the ones used in the plywood industry.

The process is called cold load and cold
unload whereas the boards are loaded and
the temperature and pressure rise to pre-
determined levels, after that water is
injected to cool the plates down before

the pressure is withdrawn. This process
increases the stability and evenness of the

boards and also prevents the peeling of source: Haddad'05
the layers. Figure 11.10: Hot pressing machine
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Edging

After the hot pressing the boards have
their edges trimmed to the desired
dimensions and stored until delivered to
final usage.

source: Haddad’'05
Figure 11.11: Boards ready for delivery

11.2 Environmental Impact of Mat — curtain plybambaoo

No comprehensive study has been made about theoemental impact that a mat —
curtain factory can have. Similar to timber prodmethigh quantities of the raw
material needed. Studies suggest that bamboo ptargavill need to follow the same
principles of timber plantation, monoculture plamas with high inputs of energy
and management skills, these factors as with tingveduction also threatens the
biodiversity of the area where such plantatiorsisielished.

However if the raw material is abundant, the hanaésculms on a regular basis is
beneficial to the bamboo plant, and also to therosunding environment by
maintaining the level of biodiversity which is digbed by the harvesting of timber
(clear cut harvesting systems).

The processes of transportation and transformatiea consumes a great deal of
energy, although the primary processing can be datiesimple tools (low energy
input) the secondary process of pressing the nahteto boards is energy intensive.
If compared with wood is believed that the bamboocessing is less energy
intensive due to the ease of work, while plywoodluistry rely on heavy-duty
machines for harvesting and processing, most oh#meesting and processing of the
raw materials to the plybamboo industries can barcsa in scattered rural
households. The industrial process adds valuead#mboo what is desirable if the
promotion of such resource is to be achieved.

The main drawback to both plywood and plybamboopdssibly the adhesive
consumption. The most widely used adhesive is phémonaldehyde, that is
petroleum based technology and although more sthile urea-formaldehyde still
causes concerns about employees health and safbile wealing with its
applications. If compared with plywood productiomat-curtain plybamboo consumes
and average of 100g/m? more adhesive.

In the following chapters the reader will find theposed practical test that compares
plywood and mat-curtain plybamboo when used asviark for concrete.
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12. Formwork

Concreté® has become a mainstream building material duéstability to change
from a fluid state [where it can assume virtuallhy dorm] to a solid state where it
sets to its given form (APA, 2003). For this to pap it is necessary to retain the fluid
concrete whilst it cures, this is done using a teragy structurally sound structures
that encases the concrete until it hardens, thiseferred to as shuttering or
formwork’>. There are various materials that can be usedfdonwork'®, but
plywood is the most widely utilised. While plywoad Brazil is made either out of
tropical forest or commercial plantations (in Ewogeciduous hardwood trees are
also used), bamboo mat-curtain board is still atradly new material, manufactured
mainly in China and India (INBAR, 2003).

The purpose of this test is to compare panel boardde under similar industrial
process but utilizing different raw materials (ptyod and plybamboo). The industrial
processes studied in previous chapter basicallgden adhesives and hot pressing to
give form and stability to the boards. The quatifythe boards is therefore directly
related to the amount of adhesive, time and pressiupressing.

Plywood for long has been recognised as the bestrofor formwork lining due to

its variable dimensions, stability, and good phgsand mechanical properties (Koel,
2005)and although in great and renewable supply, thevilmdustries are still
guestioned about their sourcing activities andatstribution to deforestation. As
studied in previous chapters only 1% of the fore@sBrazil are planted forests and
60% of the plywood consumed internally are fromveatorest. With the rise in the
international market price and increasing in inééconsumption a greater pressure
will be put on native forest and consequently destation. A plywood substitute that
could perform at the same level and can be madef@iiundant and auto
regenerating plant species could be the answeetlhuicing pressure in native forests
and at the same time utilising a resource thabkas forgotten and mistaken as a
invasive weed.

In Beijing, China according to lan Hunter, INBARreltor, 40% of all the panels
used in the construction industry are made usingbamdant and traditional resource
that is bamboo. Bamboo forests are for long estél and now provides for entire
cities. Production of plybamboo started in Chinairttyithe 40’s and at present day
have a huge potential as wood substitute.

The aim of the experiment is therefore to test phdamboo against plywood to
assess the potential of bamboo based panels dsstitisie of wood based panels in
the construction of concrete structures. The ragiowth of bamboo forest, the
sustained yield of culms per hectare per year adoéts ease to work with simple
tools with transferable skills put bamboo in a caintole in sustainable development,
with environmental, economical and social benefits.

14 See appendix |1l for details on concrete, its congnts and carbon dioxide emissions

15 Formwork : ‘Commonly called shuttering, this is the tempgrésrm that ‘wet’ concrete is poured into: it is
constructed of braced timber or metal. When thenfeork is removed, the concrete is found to haveeigire of
the material imprinted upon its surface’. pp.15%ning J., Honour H., PevsneN; 1991, Dictionary of
Architecture, Penguin Books

16 Recycled Plastic, Steel, Sawn wooden boards evdeigt

MSc. Architecture: Advance Environmental and Enegydies 52
Marcio Mazzante Haddad



The Plybamboo Alternative

12.1 Boards description

The description of the boards is essential to thdysas it describes the samples as
they arrive from the factories. All the boards usedhe experiment have the same
plan dimension of 350x300 millimetres. The bambdy gamples were brought
directly from china, whilst the Tropical plywood rsples where imported from
Brazil.

Four different types of boards were used in theegrment, two samples of tropical

plywood, one with a paper cover, the other withpaper cover (referred to in this

study as covered plywood and standard plywood).thMeebamboo samples used are
again one paper covered and the other not (agiérred to in this study as covered
plypamboo and standard plybamboo), all the boardskassified as WBP (weather
and boil proof) and were produced using phenol &dahyde resin.

12.1.1 Mat-curtain Plybamboo (standard plybamboo)

The first to be described is the bamboo mat boamentioned above “standard
plybamboo”. This board was obtained after a vigithe author to the manufacturing
plant of Chenbao situated in Anji city, Hangzhooyince, Peoples Republic of
China, on April 2005. The flow chart manufacturiprgpcess can be found in chapter
11, together with photos taken during the visittéEhsample boards were of
300x350x10millimetres each were obtained.

One of the boards was used to determine the phydieaacteristics of the boards as
explained in chapter 9. The edge of the board shbesfive different layers each
perpendicular to each other, a sample is taken tfmencorner and dismantled and
examined, the thickness of each layer is measwsied) @ calliper with a precision of
+ 0.01 the results can be seen in the appendiXh€.other two samples were used in
the formwork experiment.

12.1.2 Paper Covered Plybamboo (covered plybamboo)

The other plypbamboo boards used in the formworlegrgent was sent via post also
from China by Zhejiang Xinchang Fustar Bamboo & lbenCo., Ltd located in the

eastern part of east China after contact with Mnel€ Xiao’an. At present the

company is one of the biggest bamboo flooring mactuier and also the only
company concentrating on the comprehensive utitizabf bamboo. The company
produces several products using composite bambdowaod as raw materials,

examples of these products are decorative shesigle bottom plates, coach clamp
plywood, building construction plywood, handicrafigrniture, bamboo charcoal and
the related products etc.

The boards sent by Fustar Company is a specialuptatiade especially for the
construction industry to be used in concrete formkWo In China this board is

" The structure of such board where explained by l&oXan and is used mainly as formwork lining
where the concrete structure to be formed is reduio have a high quality finished to be left exgubs

without further processing such as in bridges, postations, dams and major civil engineering
projects. Analysing the table above shows the pesef a layer of softwood less 1 millimetre thick
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referred to as “clean water” concrete form howeamehis work to simplify the text it
is referred to “covered plybamboo” only.

The technological process of such boards are girtolghe process used to produce
mat-curtain plybamboo (as above), with the diffeeef the upper and lower part
covered with impregnated paper before pressingaMeie or phenol resin (or both
mixed) are used as impregnating. The layers thekrman also be found in the
appendix IV.

12.1.3 Tropical Plywood (standard plywood)

The tropical plywood samples were sent via mail ewede purchased in a building
merchant located in Sao Paulo, Brazil. The specfimples were decided upon
because as expressed in the figure 6.4 on chapher @oduction of tropical plywood

is destined to the export market, again producedifpally as formwork for concrete

structures (IBGE, 2002). Again these boards arerred to as standard plywood in
the experiment.

The samples are 5 layers of different thickness dha expressed on the table in the
appendix 1V, the wood veneer that covers both sifethe board do no present any
knots or imperfection with the wood fibres runniparallel to the length of the board

(e.g. the size measuring 350 mm).

12.1.4 Paper Covered Tropical Plywood (covered plywod)

This kind of covered plywood is especially made émncrete formwork of high
specification where the concrete will not receivey ssubsequent treatment. The
technology of the industrial process is the simitathe standard plywood with the
addition of the paper finish again using a pros@sslar to the covered plybamboo.

The sample of covered plywood to be used in theeex@nt was also sent from

Brazil and was acquired in the same builder’'s mamclas the standard plywood. Both
boards are very similar in structure made out laindinates glued together in opposite
direction, a characteristic of the industrial px@f plywood production that gives

the board uniform mechanical properties (APA, 2001)

The thickness of the layers can be found in theeagix IV. The use of such boards
increase the efficiency of the building processlevhéducing the use of raw material,
the additional costs of the paper covered plywoad be off set by the savings on
extra work on the concrete structure that woulchbeessary if the concrete surface
finish is not satisfactory (Harrison, 1996).

and is used to give the board the smoothness eztjuw form high quality concrete structures
(Qisheng, 2001)
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13. Test Procedures

The experiment aim is to test all the boards siamdbusly and evaluate how they
behave under the assumed same circumstances. dtespris the same found in any
building site using concrete as structural membadscan be summarised as follows:

*Assembling of formwork
*Concrete mixing
*Concrete pouring
*Curing

*Disassembling.

13.1 Method

In order to assess the performance of such boasuis@e test samples were designed
to mimic the function of formwork that contains weetncrete during the construction
of concrete structures.

Build a ‘U’ shape frame structure to act as thedrtand the sides of the concrete
shuttering. This frame would not be taken in coasation in the test but will act as a
media to fix the boards that will contain the fresincrete. It is to be built using

50x50 mm sawn wood with each piece measuring 300 Titre pieces are to be

connected via hinges as shown in figure 13.1; phexdluces a ‘U’ shape structure
measuring 350mm in height and 300 mm in width. The uprights can be easily

moved outward using the hinges, these will fad#itdne removal and the reuse of the
frame and it will also help during the assemblinghe tests.

The front and the back of the 'U’ frame structuseto be fitted with the samples of
boards to be tested. On one side of the frame aleavhplywood while the other side
is fitted with plybamboo. In design the samplehis tway both boards will experience
the same conditions throughout the test thus fatilig the comparison between
them. The samples are fixed using 50mm wood scriewpre-drilled holes to
minimise the risk of splitting.

Once the test model is complete a concrete mix In2a3 ratio (1 cement, 2 fine
aggregate and 3 coarse aggregate) by volume ian@epn order to achieve an easier
pouring process in the 50 millimetres gap betweeards the large concrete
aggregates of no more than 10mm in size is to bd.uBhe water in the mix is 0.60
litre/kg of cement.

The mix is to be poured inside the previous assetht#st model using a bricklayer
trowel. The filled model must now to be compactedtise trapped air inside the
concrete can be released. Voids in the concretéoameed by trapped air inside the
structure and is closed related to thee final taist® of the concrete as for example a
10% of air voids in the sample could reduce thecoete resistance by 50% (Everett,
1992). In the present experiment we are not intedes the final resistance of the
concrete but in the interface between the conaete the formwork lining in this
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case, plywood and plybamboo so the less air voidke finished concrete the better
because a larger contact area can be achieved.

The vibration is to be made using the same troweduor pouring the concrete in
with movements of up and down. Care should be taketo scrape the boards while
doing the vibration as it could affect the finabué. The vibration should only stop
when no more air bubbles come up from the cona@gteommon practice in building
sites and recommended in the Brazilian standard® M&18 (2003):Design of
concrete structuré€“Projeto de estruturas de concreto”) as well fbim the British
standards BS 811The structural use of concret&he diagram below shows the
process of filling the samples and compacting.

Figure 13.1: Pouring and compacting concrete betwedormwork sample

Once the models are filled the samples will be tieftlry with no protection from the
weather for 3 days to cur&he time of curing is critical in a load bearingnferced
concrete structure; the formwork can only be remdowehen the concrete has
sufficient strength to support its on weight and tlariable load that it is subjected
under construction conditions (Hurd, 1995, McAdamlge1997, Koel, 2005)

For the test no requirements regarding the safetigeostructure is imposed as it is a
stand alone concrete slab without any forces acimig nonetheless it was decided to
leave the samples to cure for 3 days allowing nafsthe water to evaporate
simulating the site process of removing the fornkwvoirhe longer the formwork is
left on the concrete the more difficult it is tonteve this id due to the moisture
content of the concrete affecting its adherence trd formwork components in other
words a dry concrete will have a higher adherehaa & wet one

The Brazilian standard NBR 6118 (200B)ojeto de estruturas de concreto the
section that covers formwork stripping suggest ah@2rs elapsed time from the
pouring of concrete to the striking of the formwdidk concrete with maximum
compressive strength in the range of 15-25 MPawliluinvariably be dependant on
the project and the initial strength of the conereécause an early stripping without
adequate support can lead to excessive deformati@ven failure of the structure
(Branco, 1999). Computer programs are used to @retliking times in relation to
the concrete strength (Harrison, 1996).
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As the aim of the test is to assess the resistainttee boards against the concrete the
72 hours period seems appropriate to the experiaeittgives more time of contact
between the concrete and the board under tesndgefgeriod would be unrealistic in
real terms as formwork is a temporary load beasimngcture and the limiting factor
on the progress of the building work

For the propose of this study four different tesidels are to be build and tested at the
same time using the same ratio of concrete mixeihdo cure side by side
unprotected to the weather. The models are to imeedand marked as follow:

Model 1 (M1): (SPNR): Standard plywoaoslithout release agent
(SBNR): Standard bamboavalodwithout release agent

Model 2 (M2): (SPWR): Standard plywood with release agent
(SBWR): Standard plybamlth release agent

Model 3 (M3): (PNR): Paper covered plywoadthout release agent
(BNR): Paper covered plytboowithout release agent

Model 4 (M4): (PWR): Paper covered plywood with release agent
(BWR): Paper covered plythoo with release agent

After the cure of the concrete and disassemblitigpfsng or striking) of the test
models the wood is to be inspected visually andmaparison is to be made using four
different parameters considereslevant to assess the boards general performance.
The parameters: board behaviour, residual conctetgrete surface finish and easy
of cleaning will be explained next.

13.2 Parameters for Assessment

Taking in considerations the factors that dictate toperations with concrete
structures and in order to carry out a simple itigason, four basic parameters were
decided to assess the board’s behaviour. Eacheoftetsis were conducted in an
outdoor environment without any specific measueagipment only the tools of the
trade for this reason only a subjective assessiramtbe made. This assessment is
valid provided no pre assumptions are made anéirthkobjective is to find the truth
not proclaim a winner. Photographic evidence is &é&en with the intention of back
up the findings.

13.2.1 Board behaviour

This parameter deals with the mechanical propeftthe boards and is concerned
with bending. The boards are fixed by screws tankernal stud work (the U frame),
the pressure of the concrete against the plybagederates a force that will try to pull
the boards apart. The diagram below demonstragesvént. If the board is not strong
enough it will bow (figure 13.2) and would resultfailure.
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Figure 13.2: The bow that could be caused by condeepressure

This parameter also deals with the easy of strikikg discussed before one of the
most important operations during the constructiboamcrete structures is the striking
of the formwork when the concrete has reached @effi strength. In order to

maximise the number of reuses and consequentiyceethe costs of the structure, is
vital that the concrete does not adhere to the viark. To achieve this releasing
agent is used.

To test the effectiveness of the boards as formwar&mparison would be made, two
of test samples would use the releasing agent sdiffioulties in striking where
expected, however the other two samples were n@deive the releasing agent thus
adherence is expected but the degree of this auteereould be measured.

Unfortunately assess to laboratory equipment wadt be feasible, moreover the

laboratory environment is usually too formal in guarison to a building site thus the
score of the board will be define in a range of bamvarying from zero to ten. For

example, if the board is completely stuck to thaarete and can not be stroked by
hand or using simple hand tools such as hammewoodwedges, it would receive a
score of zero; on the other hand if the board mpletely loose when the fixings are

taken out the board would receive a score of tewak expected since the beginning
of the experiment that no boards would receivera pe a ten score as perfection is
still to be achieved.

13.1.2 Residual

The second parameter will analyse the detrimerftattthat the concrete has on the
formwork itself.

The amount of concrete left on the board aftekisigi is to be measured visually
using a grid print out on a tracing paper. As tresmaof contact between concrete and
wood is (200 x 300) millimetres the tracing papsrdivided in 30 rectangles
measuring (40 x 50) millimetres each. In order ¢ach the same scores as the
parameter above a conversion must be performedll BO rectangles are visually
filled with concrete residue the board would reeesvzero grade, the opposite is also
true if none of the rectangles are visually filldéee board would score a ten. The
divisions are represented in the table below:
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Number of filled rectangles Correspondent score

30

26-29

22-25

21-24

18- 20

14 - 17

10-13

7-9

41-6

1-3

Blo|o|~N|o|a|slwivik o

0

This method of assessment is an adaptation of gggitant population estimation,
where scientists confronted with the challengermd but the number of organisms in
a population obtain data via random samples (Chaghal, 2000). On another, scale
but similar in technique the National Agricultui@iatistics Service from the United
States Agriculture department uses digital teclmylo divide the U.S. land area in
small segments (about one square mile) and randeelct an area frame sample
within a segment that is then visited and informmatabout agricultural activity is
recorded. This provides continuous coverage of &tidities (USDA).

13.1.3 Texture of the finished concrete surface

This parameter brings a delicate situation intoabeation. Often concrete buildings
are either covered with cladding or plastered aamictpd over. However this is not
always the case, the concrete faceswiictures can be left exposed, this usually
happens in architectural art forms celebrated by bhebusier for example or in civil
engineering structures like bridges and dams.

The figure below shows the National Theatre in Lamm¢he most famous work of Sir
Denys Lasdun with it distinctive apparent concreggture known as "brutalist”
structure that uses the roughness of the formwsrtha finished face (Figure 13.4).
The adjacent image (figure 13.5) shows severafogriad concrete framed building
that have received plaster and paint finishes ftesahe concrete appearance. The
photo was taken in Sao Paulo city, Brazil.

Figure 13.4 : National Theatre in London as  Figure 13.5: Sao Paulo city where paint cover
an example of “brutalist” structure the concrete.
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Nonetheless for our experiment the smoother thereta surface the better from the
point of view that the surface can be left exposieithe concrete surface finish is not
even and smooth a coat of plaster must be applieat would increase the time and
cost for completion of the work.

Here again to maintain the same score system tmnaistent result the assessment
will be made by a visual assessment to identifyvaneconcrete surface and touching
the sample will give indication about the roughnesshe piece. The scale ranges
from zero to ten going from very rough to totallpaoth. None of the extremes are
expected as the sample ply boards are relativelyomand were not expected to
produce a rough concrete face; In addition to thes physical size of the sample
would not permit the utilization of professionalbkation structures to give a
completely smooth surface.

13.1.4 Easy of cleaning

If the intention is to reuse the formwork as mainyet as possible the boards would
need to be easy to clean after use. One of theidmscof the releasing agent (mould
oil) is to prevent the bonding of the concretette board, therefore making it very
easy to clean (as no concrete should be bonddwetbdards), usually a dry cloth is
used to dust the board prior the reapplicatiorhefrould oil for the reutilization of
the formwork in posterior concrete pouring (Mc Ad&tB97, Hanna, 1998).

For the experiment proposed in this paper we wlltd create a worst case scenario
for cleaning the boards so they would degrade mapglly. In order to do that, when
the trade recommends that the boards must be dassieg a softwood wedge we
will be using a metal pointing trowel (used by ktayers). The abrasion of the metal
with wood will eventually cause damage to wood.

From the four different boards tested two of theith r@ceive treatment with mould
oil and no concrete is expected to adhere to tlaedbtherefore they can be used as
control boards and would prove useful to compaté e others without the mould
oil treatment.

The boards that receive the mould oil treatmenithvglcleaned using only a dry cloth
while the ones that did not receive such treatmaglhtoe cleaned using the pointing
trowel to scrape off the residual concrete founddsal to the boards after striking.

This assessment will also be made using the saafgrg from zero to ten, where the
highest grade will be given to the boards withawt eesidual concrete and the lower
grade given to the board that are either difficatimpossible to clean without
spending a great deal of time. The assessment beulidne by means of time needed
to clean the boards which is taken into considenatihen giving the score to the
boards under assessment.

13.2 The Release Agent

All formwork, whether steel, aluminium or timbenstering, needs to be coated with
a Release Agent (Mould Oil) before any concrefgased (Hurd, 1995, McAdam et
al, 1997). The purpose of a Release Agent is teemtethe concrete bonding to the
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formwork and then 'scabbing’ when the formworleisioved (scabbing is a trade tem
used to describe the effect of the bonding of theceete to the formwork when the
latter is been dismantled).

There are many products on the market that candeel as Release Agents for
formwork. Where the finish of the concrete is notportant, some contractors in
order to save costs use engine oil or diesel ineptE a proper release agent; while
there is nothing technically wrong with this praeti(as appearance is not important,
colour difference will not matter), it raises conmte regarding environmental issues
and should be avoided (McAdam, 1997).

Releasing agent is almost always used when usingrete formwork, by conducting
part of the proposed test without the use of thease agent will allow a useful to
comparison of the behaviour of the boards whileating conditions that are more
intense than the normal formwork operations.

The releasing agent for the test discussed ingher was generously given by a
structural engineer working for the Channel TurRall Link based in King's Cross,
London. The product is called Adostrike concreteuldooil manufactured by
Adomast Building Chemical Limited, a copy of thédhis attached in the appendix.
Note the warning sign on top right hand side togetith the health and safety
procedures, this questions whether the mould @tus the present test and during
Channel tunnel work raises the same environmewiaterns raised by using engine
oil or diesel. At present it is possible to findolegradable release agents in the
market however this must be sought by specifiexatrete structures.

13.3 Limitations

The reuse of the formwork material is dependard series of factors and not only on
the boards alone. Once the design is approved acidions about the specifications
are made other variables need to be considerethtev& a high number of reuses.
These variables include:

Thickness

Face finish of the board

Number of plies that make up the structure of thart
Edge protection

Workmanship

Design

O O0OO0OO0OO0OOo

Thickness of the board is not necessarily depenttatite number of layers in the
plywood; this is due to varying thickness of eaty and varies accordingly to the
tree species and the manufacturing process. Iproposed experiment the number of
layers that make up the plywood is not necesstrédysame as the plybamboo (due to
different industrial processes) therefore this alaleé must not be considered. It could
be argued that the test is void if different thiekses (implying different strengths)
are used as this could make it a non-suitable cdegra However the test is
concerned with the performance of face of the beaudl the volume of concrete used
in the experiment would probably effect the perfance of the boards unless they
were unsuitably thin, which was not consideredddtz case.
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In conversation with civil engineering project mgaes it was explained that
workmanship is one of the major responsible forréduction in the number of reuses
of the formwork material. The workforce is involved all the phases in the
construction process and inappropriate handlinthefformwork occur. Care during
the striking process must be a paramount and teeofisscrews and bolts would
facilitate the process decreasing damage thusasitrg reuse (McAdam et al, 1997,
Koel, 2005).

Due to the space and time available an importaniabe was excluded to the
experiment. Workmanship has a great influence énréusing of the formwork as the
movement of people and equipment increases theedomxrting of the panels
increasing the possibility of damage. The numberrefises in the proposed
experiment would probably be increased even furdlierto absence of reinforcement
bars that can also damage the interior of the fayrkwning

Another factor that needed to be considered ista@ldo the number of times
formwork can be reused deals with the design issagaplicated architectonic forms
in irregular shapes will most of the time reduce tlumber of uses the formwork can
have either by the difficulty of striking that leado damage to the formwork or
simply because of the non repetition of particslaape.

The present experiment could be seen as a smédlwad formwork, the illustration

below (figure 13.6) shows a section of what is mef@ to as ‘double face wall
formwork’, where the plywood (or plybamboo) sheats fixed to (100 x 50)mm
studs or soldiers, that receives the walling a¢dixntervals. The shutter is in turn
supported by struts, the bottoms of which are fixeda solid support restricting
movement of the wall due to the hydrostatic pressidithe concrete.

Source: after Ching 2001
Figure 13.6: Double wall formwork
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Figure 13.1 above illustrates the proposed expettimEhe design of the small scale
sample allows self support vertically removing tleguirements for struts, whilst
horizontally the stiffness of the board allowed tixing to be made with four screws
in each corner set 25 mm from the edge. The pudpdssign is a simplified wall

form that considered easy disassembly which isnofte the opposite to a real
construction site situation. The design transfornted hard work of striking

formwork to a matter of unscrewing. This ideal deswill certainly influence the

result of the experiment, as it does not refle@ #ctual building site. As for

feasibility reasons, important players in the numtfereuses for a formwork had to
be left behind

13.4 The Experiment
The first test started at 16:30 on May"18

The ratio of cement was chosen following the moshmon mixture of concrete used
for general purpose concrete work exposed to thethvee and water according to the
NBR 6118(2003). The 1:2:3 ratio (1 cement, 2 figgragate and 3 large aggregate
measured by volume) would give a final resistarfc25oMPa at 28 days of age with
and water/cement ratio of 0.61 L/kg. The size & ldrge aggregate chosen was 10
millimetres so it could better fit in the 50 mm dagtween the shuttering boards. The
photo below shows the aggregates cement and wadehair respective volumes.

On the left hand side next to the paint
brush is a container with the release
agent used in two of the test formwork as
explained in the previous section. The
release agent is a chemical substance
normally used in large constructions sites
(McAdam et al.,1997) and acts as a
barrier between the concrete mix and the
formwork making the process of
removing the formwork easier, alongside
increases the number of time the

Source: Haddad'05 formwork can be reused.
Figure 13.7 : The volumes used in the concrete

mix with the boards on the background

The boards treated with release agent are expéctédve minor alteration in its
characteristics and therefore can be consideredrasol samples. In the background
of the photo samples of ply boards that were usdkd test can be seen. From the left
to the right, standard pine plywood, standard bamivat plywood, paper covered
pine plywood and paper covered bamboo mat plywood.

181 litre of cement weights approximately 1.4 kilagrs
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To the volume of concrete mix a total of
1.8 litres of water were added (a 0.60
I/kg)*® This provided enough material to
fill just over two of the test formwork.
Thus to fill the four formworks samples
used in the experiment were necessary 3
litres of cement, 6 litres of fine aggregate,
and 9 litres of 10mm large aggregate and
3 litres of water . The photo below was
made after the dry materials were mixed
and the water poured in the centre of thesource: Haddad'05
pile.

Figure 13.8 :The cement was mixed ‘by hand’

The photo on the right shows the
application of the release agent using a
paint brush. Only a thin coat of release
agent was applied on the side in contact
to the concrete mixture following the
manufactures guidelines. More in this
case is not better as excess release agent
can interfere with the concrete finishing
(Adostrike leaflet, 2005).

After applying the release agent the
boards were attached to the “U” shape
sawn wood frame work. A total of four
screws were used to fix each panel using

and 14.4V cordless drill.

Source: Haddad'05
Figure 13.9 :Applying the release agent on the
different boards

Both plywood boards offer no difficulties in receig the screws however both
plypamboo boards needed to be pre-drilled befoeeititroduction of the screws
mainly due to the stiffness of such of such boadd not because of the risk of
splitting. This was thought to be probably relatedhe density of the boards as both
plybamboo boards presented higher density thaplyiveood ones (see appendix II).
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After the formwork was built and the
concrete mixed , the pouring was made
using a hand trowel, after each hand
trowel full the formwork was vibrated to
expel any air bubble that were formed
during the pouring.
The formwork samples with concrete
were left outside subjected to the
weather for three day&@nce the boards
were removed they would be accessed as
Source: Haddad'05 wells as the finished/exposed concrete

outside until the concrete cure. discussed before

13.5 Assessment limitations

Although the assessment was made based on ther qudigement all attempts were
made to minimize the influence of bias or prejudiéd the tests used the same
concrete mix so no variation in the mixture coulfféet any sample in the same test.
The two different boards (plywood and plybambooyeveart of the same “U” frame

and were taken apart (struck) one after the otimaking the comparison clear and
objective.

The use of squares to decide the final score ®rékidual concrete parameter is also
an attempt to be more objective. The change ohadgaprocess from test 1 to 2 was
brought about in order to improve the efficiencytlu# test

The concrete appearance parameter was probabiydseaffected by the physical
limitations of the samples described above regyitira greater variance in results
what reinforce the impartiality of the author judgent. Moreover the assessment of
the boards were made one next the other giving afi@ount of confidence to be
neutral in the scores.
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14. Results and Analysis

For a better understanding the results will be gl as graphs comparing the two
different boards for each of the four “U” frames. tétal of 16 graphs will be
presented with analysis of the results for eacthefparameters. The test procedures
can be found in the appendix V

Due the practicality of the experiment it was dedido stop the experiment as soon
as the first board failed, in this test failurecksaracterised by any signs of damage in
the board properties as explained previously. Thigygment to whether any of the
boards could be reused after such damage wask®aut itato consideration.

The paper covered plywood without release agent thasdfirst to “fail” after test
number 11. The paper had peeled off during thkistyiof the board from the frame.
In the appendix \is possible to follow the test progress with phaibgach test. The
photo below shows where the board failed whichrafieaning failure was considered
enough to end the experiment. Further test coule feeen carried out but may not
have shown major differences for several furthetst¢shown in the graphs below),
resulting in a large number of concrete blocks thauld in turn be destined to the
landfill, not an environmentally sound attitude.

Figure 14.1: Paper peeling off from PNR Figure 14:2After cleaning with pointing
trowel

Nonetheless the experiments had given interestisglts and although not exhaustive
were useful to show how the boards compare. Thétsesre given below:
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14.1 Paper covered plywood with release agent (PWR)Paper covered
plybamboo with release agent (BWR) (PWR x BWR)

PWR and BWR stands for plywood with release agadttamboo with release agent
respectively. The boards were tested simultane@sshypposite shuttering on the “U”

frame (as explained on chapter 13) and are papared during the manufacturing

process specially made for use as concrete formwiddnce these boards were
expected to perform as control boards since theofiselease agent creates a thin
pellicle between the concrete and the formwork tfirs experiment the board

samples) and avoids the adherence between both.

Board behaviour comparison PWR and BWR

test number

\ mPWR = BWR |

The results for the board behaviour were withinestation; both boards received the
same score in all tests. The boards did not achiesemum score as they were not in
prefect conditions after striking. It can be sdudttafter this results both boards can be
used as concrete formwork and will offer no difftes in striking if release agent is
used (and the formwork design is “ideal”).

If one follows the same line of thought one woukpect that the boards would
present no residual concrete as the release ageid work as a shield avoiding any
contact with the board. In real life is not quitkel that and the contact between
cement and board is unavoidable unless a physarakbis used (a plastic cover for
example). The boards in this experiment are covendgith paper during the
manufacturing process and are therefore part obtdad and subjected to the same
actions. PWR (plywood with release agent) preselitéziresidual concrete in all the
test with a small difference from test number eigfns could have been caused by the
repetition of the test where the concrete increggiattacks the boards to the point
beyond the release agent can cope with.

The same did not happened with BWR (see graph helisam the beginning the
residual concrete were worst than the PWR in tmeestest, with the repetition the
board seems to have absorbed more release agephsmy its protection and
reducing the concrete adherence. From the eiglthote BWR had similar residual
concrete as PWR
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Residual Concrete PWR and BWR
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test number
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The concrete appearance of the sample presentdd wabance during the test
duration, this could be related to different fasiadhe graph below shows that PWR
presented greater variation than BWR, this couldekplained by the different

finishes of the sample board, although both areewy with paper BWR felt

smoother to the touch than PWR and as the conaegeire the texture of its

shuttering it could be the reason for such a diffiee.

Concrete Apperance PWR and BWR
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In terms of ease of cleaning the boards preseatsthall discrepancy during the first
and second test was noticed. This could have bgenrasult of the unfamiliarity of
the author with the cleaning process. During teshlber one the boards were cleaned
with running water that took a relative amountiofig and was thought to generate
another waste (water) unsuitable for large sca@aipns. In the following tests only
a dry cloth was used which worked better and wss ainployed in subsequent tests.
BWR took one test longer to catch up and this mightelated to the absorption of
release agent as explained before.

Easy of Cleaning PWR and BWR
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14.2 Paper covered plywood no release agent (PNRPaper covered plybamboo
no release agent (BNR)

The samples for this experiment were obtainedHersame source from the one used
in the previous test therefore they are consideécetiave the same properties as
before, the difference being the absence of relageat hence PNR is paper covered
plywood and BNR is paper covered plybamboo.

Without the use of release agent we are allowinigclontact between the concrete
and the board thus accelerating the deteriorationgss of the boards and permitting
a new comparison as we take the release agenf the equation.

The comparison between plywood without release tageNR) and plybamboo
without release agent (BNR) in relation to theih&éour in terms of ease of striking
and board integrity is shown in the graph belowthimfirst test both board behaved in
a similar way, without twist or major striking diffilties thus receiving the same
score nevertheless the similarities do not prodeesubsequent tests and PNR has
gradually worsen its behaviour being more difficddtstrike with the test repetition
until the failure of the paper that covers the @iythe eleventh test.

The peeling off the paper that covers the plywadadnsidered a failure and enough
to take the decision of finishing the experimenirtker repetitions could have been
made with the boards, but was thought to do so a@vawt change the final
conclusions. The failure of the board could beteeldo the industrial process that the
boards were subject to and in no circumstancegsepts the behaviour of plywood
boards in general.

Board Behaviour PNRxBNR
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4 |
=
>
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o |
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Test number
\ = PNR = BNR |

Although the paper covered plywood failed in thevehth test its performance on
other parameters presented different results. tmgeof the amount of residual

concrete left on the boards after strike, (evemugmoboth of them present increasing
guantities of concrete stuck to the boards as d¢&ged has always been smaller in
PNR (plywood no release) than BNR (bamboo no releas represented in the graph
below (more points meaning less residual concréie)s would not be considered
dependant on the industrial process of the boantisnbthe properties of the paper
used. In the board description chapter 12 (secfi@rl) data from the boards

specification shows that the papers have the saparent density but no test could
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be made to confirm, Paper density is thought tehavinfluence on the results as a
lower density paper would gather less residual egiedout would fail quicker.

Residual concrete PNRxBNR

R
0

ORNWRMANONOO
|

a1 2 3 a4 5 [S] 7 8 o 10 11
Test number

\ = PNR = BNR |

In terms of the concrete face appearance, it stesmhshe residual concrete left on the
boards do not have a direct influence on the finisls was not expected. If there is
more concrete left on the boards one would thirgt this would be reflected in the

concrete appearance in the form of an uneven surfathe concrete but for samples
PNR and BNR this did not happened. Even with mestdual concrete left on BNR

(see graph above) the resultant concrete appearamase similar to PNR as

represented in the graph below.

Concrete appearance PNRxBNR
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For ease of cleaning it could be said that bothpdasnpresent similar results, with
both giving more resistance to the cleaning taokll the experiments but the first, a
pointing trowel was used to clean the boards; fhrgctice goes against ‘good
practice’ that recommends a wooden wedge is usedeker it was decided that the
trowel would accelerating the degradation procéshe samples. This practice could
had played an important part in the peeling ofthaf paper cover from PNR, however
BNR was subjected to the same practice and difailoEven though the paper cover
had ripped the board was still cleaned with thenjpog trowel increasing the area of
damage it was then considered inappropriate ty carithe experiment.

Ease of cleaning PNRxBNR
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14.3 Plywood standard with release agent x Plybambastandard with release
agent (PSWR x BSWR)

The samples called standards are the one that dbawve a paper covered and are
therefore used also in different applications othan concrete formwork. PSWR has
a quality wood veneer finishing without any knotghét the industry call defects)
while BSWR have a weaved mat pattern, because &t ame soaked in glue on both
sides the outside of the boards has a shine firgsthiat is not found on PSWR, this
could be related with the behaviour of the boardhesgraph below shows: BSWR
had a good performance where the release agenedefkectively protecting the

Board Behaviour PSWRxBSWR

sTe
ORNWRMOON®OO
T T T R N N

test number

\ = PSWR = BSWR \

boa protecting the board rd against the concretlewh PSWR the would veneer had
probably absorbed some of the release agent reglitsieffectiveness.

Other hypotheses could relate the influence of‘tfieframe with the adherence of
the sample and the difficulty of striking as theideial concrete graph below will
show. Nonetheless the boards could easily be debjdo several more repetitions
without major differences.

In terms of residual concrete the results werelamo the ones obtained with PWR
and BWR, where very little was left on the boarfterastriking, this again stated the
advantages of using release agent when specifyingrete structures using plywood
(or plybamboo) as formwork. Even if striking doest happens easily the board will
have little residual concrete reducing the wasteinoreasing productivity.

Residual concrete PSWRxXBSWR

i 2 3 a 5 (S 7 8 i=} i0 j e
test number
= PSWR m BSWR
MSc. Architecture: Advance Environmental and Enegydies 73

Marcio Mazzante Haddad



The Plybamboo Alternative

The concrete surface appearance however did neemiréhe expected results. This
could be related with the small amount of concratered between the boards and
probably not reaching enough hydrostatic pressurerder to achieve full contact
between concrete and formwork, however this is ghownlikely as both the wood
veneer and weaved mat patterns were printed irc¢herete surface finishing. The
imperfection of the vibration may have had an iefloe on the concrete appearance.
Details of the test can be found in appendix I.

Concrete apearance PSWRxBSWR
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As expected the cleaning process was made withiffitudties with a dry cloth. This

is important on a building site where the reusifthe formwork will depend on how
easy it is to clean making it suitable for furtheses. The results are shown in the
graph below and again in favour of the use of sdesgent for concrete formwork.

Ease of cleaning PSWRxBSWR
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14.4 Plywood standard no release agent x Plybambatandard no release agent
(PSNR x BSNR)

This experiment uses the same boards as the psewioe but without the use of
release agent, after analysing the effects ofdlemase agent of the board performance
a test made without its use is useful to compagesémples.

For the first parameter of board behaviour BSNR vgaperior in the entire
experiment bar the first when both achieved theesacore. From the second test on,
PSNR had a sharp decrease in performance and th@fus hammer was made
necessary to strike the board off the concrete. B&MNo decrease in performance but
at more steady rate and without the need to uskahener

Board Behaviour PSNRxBSNR

a 2 3 a 5 (S 7 8 i=] 10 ju e B

test number

sTe
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\ 0O PSNR = BSNR \

The amount of residual has also increased withes$ierepetition and again it does not
seem to have relation with the difficulties to lstrias the graph below shows on test
number 8 for example, PSNR and BSNR had virtudlly $ame amount of concrete

residual left after strike but was necessary toausammer to strike PSNR while only

a slight hand pressure was enough to free BSNR finenconcrete.

Residual concrete PSNRxXBSNR
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test number

\ O PSNR m BSNR \

If we compare the results above with the onesinbtafor the same board sample
with release agent it becomes clear the huge lismefin be achieve with such product
and the number of reuses are closely related Wihuse of release agent.

The concrete surface appearance if not relatecheéorésidual concrete could be
related with the board behaviour, by the resulttheftest BSNR had performed better
general with the board being more easily struckiudih PSNR. The concrete surface
finishing was also better on the former than onlalter.
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Concrete appearance PSBRxBSBR
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The ease of cleaning parameter showed a relatpngth the concrete residual as
expected, the samples that presented a lower stteems of residual also presented
a poor score in the cleaning process, and althasgty a pointing trowel to clean the
boards no significant damage was noticed. Afterdkperiments and despite been
stained with solid concrete residual the boardaatill be used in subsequent tests.

Ease of cleaning PSNRxBSNR
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test number

\ O PSNR = BSNR \

The test results despite its limitations were usefshow the performance of bamboo
based boards when compared to wood based boarasuskd as concrete shuttering.
The differences in general performance was fourttl tie use of the release agent,
highlight the importance of the use of such agararder to improve the number of
reuses. Therefore reduce the replacement of forkiwaterial that not only reduces
the cost of the final concrete structure but alsduces the burden on natural
resources.
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15. Conclusion

Deforestation has been part of the history of Brsimce the arrival of the Portuguese
in the 1500s. The tree symbol of the country the-lpasil (Caesalpina echinata) is
now considered an endangered species and restticfedv conservation areas. The
exploitation of other native timber resources pobdetrimental to the environment
with loss of biodiversity and soil fertility. Modeay industrialization has introduced
a new approach to forests plantations introducomgroercial monoculture plantation
to supply the production of pulp, paper and chdras well as timber for the

construction industry.

The widespread of tree plantations also has andefrial effect on the environment
with reduced biodiversity and an increased pressurewater supplies. It often
destroys small producers when household agricuitusubstituted by monoculture
tree plantations.

The tests preformed, as part of this study, haweelyred results that revealed the
suitability of using plybamboo as an alternativgplpwood in concrete formwork. In
the experiment conducted both plybamboo samplesepted a better general
performance when compared with the plywood samflke.test were realised at the
same time using the same methodology and thereferdelieved to be true as the
physical damage found on the plywood samples gegsna any subjective analysis.

Additionally, in the first part of this paper afteomparison between plywood and
plypbamboo manufacture we learnt that bamboo predeen help to reduce the
burden on natural timber resources. The self ragéing bamboo plant reduces the
environmental impact caused by the lost in biodikgrby avoiding the clear-cutting

harvest systems, a common practice used in tinlbatgiions.

The industrial processes of plybamboo manufactiegarticularly advantageous for
small-scale production. The lightness of bambooncuilakes it easy to handle and its
hollowness allow it to be processed with simplelsodhe analysis of plybamboo
manufacture on chapter 11 also suggest that &sis énergy intensive than plywood
production on chapter 6 reinforcing the plybambaocpssing plant suitability for
community based enterprises.

In plybamboo producing countries (such as Chinaladi), the primary processing
of bamboo (figure 10.1) is carried out in rural Beholds. This practice increases the
family income and avoids migration to urban areapihg to alleviate poverty
alongside helping to meet the targets of sustagndbl/elopment. However there are
still concerns over the use of formaldehyde baseelsgused during their processing.

In Brazil the development of bamboo processing tglawould be particularly

beneficial due to the economical, social and emwitental problems faced by the
country and the huge under utilised bamboo ressurde discussed on chapter 2
Brazil already has a developed wood industry initaad to that the successful
performance of bamboo products in China and Ind@h( with similar production

conditions) provides enough indication of the teslbgy transfer increasing

productivity potential
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In conclusion, with the ecological, economical aodial problems faced by Brazil
Bamboo, owned to its characteristics, offers a micy sustainable and more
environmentally - friendly alternative to plywoodbpluction.

MSc. Architecture: Advance Environmental and Enegydies 78
Marcio Mazzante Haddad



The Plybamboo Alternative

16. References and Bibliography

A

ABIMCI. 2005 Associacao Brasileira da Industria ddadeira Processada
Mecanicamente, Estudo  Sectorial 2004. [online]. ikde  from
http://www.abimci.com.br/port/03Dados/0308EstSe&0806Quadro.html
[accessed 14 September 2004]

Agroforestry. 2005. [online] Available fromwww.agroforestry.co.ukaccessed on 12
January 2005]

Ambiente  Brasil, 2005. Ambiente Brasil [online] Alable from:
http://www.ambientebrasil.org.faccessed 19 February 2005].

Anon. (1997). Conservation and management of pasibCaesalpinia echinata - An
action plan. Fauna and Flora International (UK)teical Gardens of Rio de Janeiro
(Brazil), Margaret Mee Foundation (Brazil). (Unpishled report).

APA. 2004. The Engineered Wood Association [onlinéjvailable from
http://www.apawood.orgaccessed 25 May 2005]

B

Bechara, F.(2003) @http://an.uol.com.br/ancapital/2002/dez/Z2&ccessed on 25
July 2005]

Branco, A. A. C. 1999. Concreto [Portuguese]. [Gete]. Editora Ipanema, Rio de
Janeiro, Brasil

Bueno. E. 2002. PAU-BRASIL, Axis mundi, Sao Palaazil, 45pp

Burger, L. M., Richter, H. G.(1991). Anatomia da dé#&ra [Portuguese], [Wood
anatomy], Editora Nobel, Sao Paulo, Brazil

C

Carrere, R&Lohmann, L, Londres (1997). "El Papd| $iar: Plantaciones Forestales
en la Estrategia Papelera Internacional’, RMALCxde

CETEC (Centro Tecnologico de Minas Gerais), 199thgiRama de Pesquisa e
Desenvolvimento em Biomassa e Siderurgia a Carvégetal.(CETEC), Belo
Horizonte, Brazil

Chapman, J. L. Reiss, M. J. 2000. Ecology — Prlesipnd Applications. Cambridge
University Press, Cambridge, UK

MSc. Architecture: Advance Environmental and Enegydies 79
Marcio Mazzante Haddad



The Plybamboo Alternative

Ching, F.D.K. Adams, C. 2001. Building constructitastrated. John Wiley & Sons,
Chichester, UK.

D

Dolby, C.M. et al. 1998. Rural construction in tienb Swedish University of
Agricultural Sciences, Lund, Sweden

Dunkelberg, K. 1985. Bamboo as a building materlaktitute for lightweight
structures, Stuttgart, Germany

E

Everett, A. 1994. Mitchell's series: Materials. Igman, Essex, United Kingdom

F

Farrelly, D. 1984. The book of bamboo. Sierra Gobks, San Francisco, USA

FAO, 2003. State of the World's Forests.[Online], vaflable from
http://www.fao.org/documents/show_cdr.asp?url_fid®CREP/005/Y7581E/y7581
€00.htm . [Accessed on 7 July 2005]

Fausto, B.2002. Historia do Brasil [Portugueselisféty of Brazil], Udusp, Sao
Paulo, Brazil

Floresta Brasil. 2005 [online] Available from
http://www.florestabrasil.com.br/florplant.htm
[Accessed on 14 March 2005]

Fukuoka, M.1985 - "The Natural Way Of Farming", dafPublications Inc, Tokyo &
New York

G

Galvao, A. P. M., Silva, V. P. 2005. Restauracaoefital : fundamentos e estudos de
caso [Portuguese], [Forest restauration- A caselygtuEMBRAPA Florestas,
Colombo, PR

Gnanaharan, R. 1994. Physical and strength pregedi Dendrecalamus strictus
grown in Kerala, India. In Bamboo in Asia and fiaciProceedings of the™
International Bamboo Workshop, Chiangmai, Thaila@d, — 30 November 1991.
International Development Centre, Ottawa, Canada

Ganapathy, P.M. Huan-Ming. Zoolagud, S.S. TurckeEgpiloy, Z.B. 1996. Bamboo
Panel Boards A state of the art review. Technicapdit n. 12. INBAR, Beijing,
China

MSc. Architecture: Advance Environmental and Enegydies 80
Marcio Mazzante Haddad



The Plybamboo Alternative

Gentry, A.H., Vasquez, K. 1998.Where have all treab@s Gone?, Forest Ecology
and management 23, p.73-76

H

Hanna. 1998. Concrete Formwork Systems. Marcel Bek&. London, UK

Harrison, T.A. 1996Formwork Striking Times: Criteria Prediction and thieds of
Assessment. Thomas Telford Ltd, London, UK

Hidalgo, 0.1994. Bamboo the gift of gods, Hidalgdlishers, Bogota, Colombia

Hurd, M. K. 1995. Formwork for Concrete. Americanrcrete Institute, New York,
USA

IEA. 2000. World energy outlook 2000. Paris, Intgfonal Energy Agency

IBAMA. 1992. Lista oficial de espécies da flora Bitaira ameacadas de extingao.
(unpublished). 4pp. Sociedade Botanica do Brasd921 Centuria plantarum
Brasiliensium extintionis minitata. Sociedade Batardo Brasil. 175pp.

IBGE (2004). Producao da extragdo vegetal e dacsltura 2004 v.19. [Portuguese].
[Forest Products Production 2004]. IBGE, Sao Pdiazil

ITTO. 2004b. Reviving tropical plywood, by L. Rutt& S.H. Tan. ITTO Technical
Series No. 20. Yokohama, Japan.

Intergovernmental Panel on Climate Change (IPC@c@pReport on Carbon

Dioxide Capture and Storage September 2005. [Orfimailable from
http://www.ipcc.ch/activity/ccsspm.pficcessed on 12 October 2005]

J

Janssen, J.J.A.2003. Building with bamboo, ITDGIlighing, London, UK

Jason, C. (2004). World Agriculture and the Envnemt: A Commodity-By-
Commodity Guide to Impacts and Practices, WWF, Wegbn, DC

Judziewicz,E.J., Clark, L.J., Londono, X. Stern,JM1999. American bamboo,
Smithsonian Institution Press, Washington, D.C.

MSc. Architecture: Advance Environmental and Enegydies 81
Marcio Mazzante Haddad



The Plybamboo Alternative

K

Kill, J. Ozinga, S. Gerard, N 2001. Forest and HbOnline] available from
http://www.fern.org/pubs/articles/euforest.hfaccessed on 3 July 2005]

Koel, L. 2005. Concrete Formwork. Amer TechnicabPuhird edition, New York,
USA.

Kumar, S. Dobriyal, P. B. 1992. Treatability anoWi path studies in bamboo. Part | —
Dendrocalamus strictus. Wood and Fibre Sciencd, n.2

L

Leonelli.D.2000. Uma Sustentavel Revolucao na BlarfPortugues]. [ Forest
sustainable revolution] Viramundo, R.Janeiro, Br&40pp

Liese, W. 1995.Anatomy and utilization of bamboardpean Bamboo Society
Journal, Meise, Belgium

Liese, W.,Weiner,G. 1997. Modification of bambodnaistructure due to ageing and
wounding. In Chapman, G.,ed., The bamboos. Linnggaciety, Academic press,
London, UK

Liese, W. 1998. The Anatomy of Bamboo Culms, Tecainreport 18, INBAR,
Beijing, China

M

Mauseth, J.D. 2003. Botany: An Introduction to PI&mwology, Jones and Bartlett
Publishers International, Sudbury, MA

Marinieri, C. Chimelo, J.P. 1989. Ficha de carasteas das madeiras brasileiras.
IPT, Sao Paulo, Brazil

McAdam, P.S. Lee, G.W. 1997. Formwork- A practigaide. E & FN Spon, London.
UK

McClure, F.A. 1966. The bamboo — a fresh perspectilarvard University Press,
Cambridge, USA

McMullan, R. 2002 Environmental Science in Building, Palgrave Puldish
Hampshire, UK

MDICE (Ministerio do Desenvolvimento Industria e r@ercio Exterior) — [Online].
Available from http://www.desenvolvimento.gov.bjaivo/sdp/proAcao/
forCompetitividade/impZonLivComercio/12papelcelidossumo.pdf . [Accessed on
27 Aug. 2005]

MSc. Architecture: Advance Environmental and Enegydies 82
Marcio Mazzante Haddad



The Plybamboo Alternative

Metz, B. Davidson, O. Connick, H., Loos, M., Meyér, 2004. Special Report on
Carbon Dioxide Capture and Storage, IPCC, Genevdz&land.

MOLLISON, Bill (1988) - "Permaculture - 'A Desigrger Manual’, Tagari
Publications, Tyalgum, Australia

Murphy, R.J., Alvin, K.L. 1992. Variation in fibretructure of bamboo. IAWA
Bulletin n.13

O

Oke, T. R. (1987) Boundary Layer Climates, Rout&dgndon, UK, ¥ edition

P

Parker, J. 1955. What you can do with bamboo. Roftience, May 1955.

Prado Jr., C. (1976). Historia Economica do BrBsiffuguese], [Brazilian Economic
History]. Brasiliense, Sao Paulo, Brazil

Prnewswire. 2005 [online] Available from:http://www.prnewswire.com/cgi-
bin/stories.pl?ACCT=109&STORY=/wwwy/story/03-07-200803154692& EDATE.
[accessed on 24 July 2005]

Pulp & Paper, 2005. Aracruz secures funds for imaests from Brazilian bank, Nov.
24, 2005[Online].Available fronnttp://www.pulpandpaper.coifaccessed 13 January
2005]

Q

Qisheng, Z. Shenxue, J. Yongyu, T. 2001. Industiidization on Bamboo, INBAR,
Technical Report n. 26, Beijing, China

R

Rao, R., Williams, J.T., Dransfield, J., Rao, A.NDransfield, S., Widjaja, E.A,
Renuka, C., Mohamad, A, 1994. Priority Species amBoo and Rattan, INBAR,
Technical Report n.1, Beijing, China.

Roxo, C.A. 2002. Seminar: Forest and Developmeotlirje]. Available from:
www.aracruz.com.br/web/pt/imprensa/artigos/artigbost [accessed 28 July 2005]

Run-Peng Wei & Daping Xu (2003). EUCALYPTUS PLANTKINS: Research,
Management and Development. Proceedings of thernktienal Symposium,
Guangzhou, China 1 - 6 September 2002. Ed. R.P.awtiD. Xu. World Scientific
Publishing Co., Singapore.

MSc. Architecture: Advance Environmental and Enegydies 83
Marcio Mazzante Haddad



The Plybamboo Alternative

S

Santamouris, M., 2001. Energy and Climate in thieadrBuilt Environment, James &
James, London, UK.

Sattar, M.A., Kabir, M.F. Battacharjee, D.K. 19%fect of age and height position
of Melocanna baccifera and Bambusa balcooa on tbieysical and mechanical
properties.In  Bamboo in Asia and pacific. Proceedings of tfe Idternational
Bamboo Workshop, Chiangmai, Thailand, 27 — 30 Ndweml991. International
Development Centre, Ottawa, Canada

Silva, M. 2004 [online]. Available from
http://www.marcelosilva.com.br/projeto_verde 01.lifmcessed on 29/03/2005]

Szmrecsanyi T. 2002. Historia Economica do Peri@igonial, HUCITEC, Sao
Paulo, Brazil, 296pp

T

Thibau, C. E. (2000) Producéo sustentada em flsestconceitos e tecnologias,
biomassa energética, pesquisas e constatacéesidJise], [ Sustainable forest
products], C. E. Thibau editora, Belo HorizonteaBr

U

United Nations Environment Programme [online]. Aable  from:
http://www.unep.org/Documents.Multilingual/Defaap?DocumentiD=67&Articlel
D=4717&l=en[Accessed on 18 May 2005]

U.S. D. A. (2001). Wood Handbook - Wood as an Eeeiing Material [Online].
Available at http://www.knovel.com/knovel2/Toc.jsp?BookiD=460&}MieallD=0
[Accessed on 14 March 2005]

Ueda, K. - "Bamboo Production and Utilization, Rmsand Future"; Proc. Bamboo
Production and Utilization, XVII-UFRO World CongeskKyoto, Japdo,1981- pags.
2-7

W

WEDBERG, S. E.1954. Microbes and You, New York Mdlzamn,

Wengert,E.,1996.The wood doctor's Rx. Robert C.dByfardwood Technology
Center

Wilcox, W.,W., Botsai, E. E., Kubler, H. (1991). \&® as a Building Material, John
Wiley and Sons, Inc., New York, USA

MSc. Architecture: Advance Environmental and Enegydies 84
Marcio Mazzante Haddad



The Plybamboo Alternative

WRM. 2003. World Rainforest Movement. [online] dable from:
http://www.wrm.org.uy/plantaciones/material/razoit@8br%202.html . [Accessed
21 August 2005]

Z

Zhaohua, Z. 2005A General Introduction to the Bamboo Developmert€iina. In
Workshop-cum-Seminar on Poverty alleviation throbgmboo-based development:
policies, strategies and stakeholders. April 182Z85. Lin’an and Anji, Zhejiang
Province, China

Zheng, W. Wenjing, G. Li, G. (2004). Study on Rerdjes of Bamboo and
Manufacture. In Proceedings of International Workshop on Bambooustdal
Utilization in Xianning, Hubei, China, October 2Q0BIBAR, Beijing, China

Zhengchan, J. Gang, Y.(2004). Technical Innovatonincrease the Competitive
Capability of Bamboo Productdn Proceedings of International Workshop on
Bamboo Industrial Utilization in Xianning, Hubei,hida, October 2003, INBAR,
Beijing, China

Zuckerman, S. (1998). PLYWOOD: Lurid Tales of Gesnd Glues - The history
and environmental impact of this ubiquitous buigdimaterial. Liberty Tree Alliance,
New York. Available online fronmttp://www.sdearthtimes.com/et0398/et0398s3.html
[Accessed on 12 December 2004]

MSc. Architecture: Advance Environmental and Enegydies 85
Marcio Mazzante Haddad



The Plybamboo Alternative

Appendix |
Bamboo Rhizomes

Characterised by the type of rhizome there arenham groups of bamboo as
visualised in the figures 8.2 and 8.3, below:

Grows up to 750 centimetres in one
season Monopodial or leptomorph: When the
rhizomes are long and thin and the buds
produce a single shoot at regular
intervals. They produce shoots and roots
at each node

Figure 8.2: Monopodial specie showing
rhizomes shoots and roots

Sympodial or pachymorph: When the
rhizomes form a thick rootstocks with the
tips producing new canes.

Figure 8.3: The rootstock of the sympodial
species

Although the differences between the two caseseabo® very acute, in some cases is
not straight forward to identify a species withalisely looking into its rootstock.
Some of the sympodial specie has a well develope#t that can extend for several
meters what makes it look like a monopodial bamcClure, 1966).

Moreover there are other three kinds of rootstalis are usually called metamorphic
and are mainly represented for species that grogpenial climates such as mountain
tops. The difficult climate probably explains théfetences in rootstocks as a
meaning of adaptation.
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Dimensions results

The Plybamboo Alternative

The boards were cut using a small
cordless circular saw and also a hand
saw, the cuts however were not perfectly
square. Therefore the necessity to take
the average o the dimensions of each
board and they are named as expressed
in the figure below with ‘a’ been the
width dimension, ‘b’ the length and ‘¢’
the thickness dimension. The results are
displayed in the tables X-Y.

Fig. App2.1 : Caliper used to measure the

dimension of samples

Standard plybamboo

Sample Mass (g) a (cm) b (cm) c (cm) V (cmd)
SB1 37.62+0.02 7.48+0.02 7.51+0.02 0.98+0.02 5471+
SB2 37.23+0.02 7.39+0.02 7.66+0.02 0.96+0.02 5402+
SB3 40.25+0.02 7.76+£0.02 7.54+0.02 0.96+0.02 5@&I2*
SB4 37.71+0.02 7.85+0.02 7.42+0.02 0.96+0.02 5%+
SB5 38.33+£0.02 7.55+0.02 7.57+0.02 0.97+0.02 53DP+
SB6 38.14+0.02 7.62+0.02 7.49+0.02 0.96+0.02 54092+
SB7 39.63+0.02 7.66+0.02 7.51+0.02 0.97+0.02 5%t
SB8 39.51+0.02 7.64+0.02 7.51+0.02 0.96+0.02 5SRUER*
Total 308.23+0.02 441.89+0.02

Mean mass 38.53+0.02 Mean volume 55.24+0.02
Standard plywood

Sample Mass (g) a (cm) b (cm) ¢ (cm) V (cm3)
SP1 30.9040.02 7.46+0.02 7.13+0.02 1.20+0.02 63.82+
SP2 32.70+£0.02 7.46+0.02 7.44+0.02 1.19+0.02 66.15+0.02
SP3 32.9040.02 7.54+0.02 7.31+0.02 1.20+0.02 65.88+0.02
SP4 34.004£0.02 7.70£0.02 7.54+0.02 1.21+0.02 69.96+0.02
SP5 33.2940.02 7.63+0.02 7.43+0.02 1.19+0.02 67.41+0.02
SP6 33.204£0.02 7.54+0.02 7.32+0.02 1.21+0.02 66.51+0.02
SP7 32.65+0.02 7.52+0.02 7.23+0.02 1.19+0.02 64.86+0.02
SP8 32.95+0.02 7.55+0.02 7.21+0.02 1.21+0.02 65.70+0.02
Total 262.59+0.02 530.35+0.02

Mean mass 32.82+0.02 Mean volume 66.29+0.02
Paper covered plybamboo

Sample Mass (g) a (cm) b (cm) ¢ (cm) V (cm3)
B1 54.60+0.02 7.62+0.02 7.49+0.02 1.02+0.02 58.4Bx0
B2 50.90+0.02 7.31+£0.02 7.58+0.02 1.03+0.02 56.91+0.02
B3 51.404£0.02 7.32+0.02 7.35+0.02 1.03+0.02 55.67+0.02
B4 53.50+£0.02 7.39£0.02 7.60+0.02 1.04+0.02 58.28+0.02
B5 54.504£0.02 7.62+0.02 7.51+0.02 1.03+0.02 58.66+0.02
B6 50.80+0.02 7.32+0.02 7.36+0.02 1.03+0.02 55.60+0.02
B7 51.304£0.02 7.36+0.02 7.36+0.02 1.03+0.02 55.69+0.02
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B8 53.60+0.02 7.45+0.02 7.63+0.02 1.04+0.02 59.23+0.02
Total 420.60+0.02 458.50+0.02
Mean mass 52.58+0.02 Mean volume 57.31+0.02
Paper cover plywood
Sample Mass (g) a (cm) b (cm) ¢ (cm) V (cm3)
P1 42.40+0.02 7.44+0.02 7.59+0.02 1.25+0.02 70.82+0
P2 41.80+0.02 7.12+0.02 7.47+0.02 1.27+0.02 67.82+0
P3 47.00£0.02 7.44+0.02 7.51+0.02 1.27+0.02 71.0&0
P4 37.60+0.02 7.17£0.02 7.51+0.02 1.25+0.02 67.42+0
P5 42.30+0.02 7.42+0.02 7.63+0.02 1.25+0.02 70.42+0
P6 41.50+0.02 7.21+0.02 7.56+0.02 1.27+0.02 68.92+0
P7 46.93+0.02 7.48+0.02 7.49+0.02 1.27+0.02 70.98+0
P8 37.56+0.02 7.21+0.02 7.43+0.02 1.25+0.02 67.102+0
Total 337.09+0.02 553.86+0.02
Mean mass 42.14+0.02 Mean volume 69.23+0.02

The Plybamboo Alternative

Moisture content

Fig. App 2.2: Jewellery scale used to weight the Fig. App 2.3: Oven dry samples
samples

Standard Plybamboo

Sample Weight at room temperature (g) Absolutevazight (g)
SB1 37.62+0.02 33.43+£0.02
SB2 37.23+£0.02 32.99+0.02
SB3 40.25+0.02 36.22+0.02
SB4 37.71+0.02 33.61+0.02
SB5 38.33+£0.02 34.40+£0.02
SB6 38.14+0.02 34.04+0.02
SB7 39.63+£0.02 35.43+0.02
SBS8 39.51+0.02 35.30+0.02
Total 308.23+0.02 275.42+0.02

Average 38.53+£0.02 34.43+0.02
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Standard Plywood

Sample Weight at room temperature (g) Absolutevazight (g)
SP1 30.90+0.02 28.87+0.02
SP2 32.70+0.02 30.52+0.02
SP3 32.90+0.02 28.74+0.02
SP4 34.00+0.02 29.03+0.02
SP5 33.29+0.02 28.33+0.02
SP6 33.20+0.02 29.30+0.02
SP7 32.65+0.02 30.65+0.02
SP8 32.95+0.02 29.97+0.02
Total 262.59+0.02 222.41+0.02

Average mass 32.82+0.02 29.43+0.02

Paper coverer plybamboo

Sample Weight at room temperature (g) Absolutevazight (g)
B1 54.60+0.02 50.23+0.02
B2 50.90+0.02 46.78+0.02
B3 51.40+0.02 47.36+0.02
B4 53.50+0.02 49.35+0.02
B5 54.50+0.02 50.40+0.02
B6 50.80+0.02 45.90+0.02
B7 51.30+0.02 46.20+0.02
B8 53.60+0.02 48.56+0.02

Total 420.60+0.02 384.78+0.02
Average mass 52.58+0.02 48.10+0.02
Paper coverer plywood

Sample Weight at room temperature (g) Absolutevazight (g)
P1 42.40+0.02 37.43+0.02
P2 41.80+0.02 36.83+0.02
P3 47.00+0.02 41.95+0.02
P4 37.60+0.02 32.43+0.02
P5 42.30+0.02 37.54+0.02
P6 41.50+0.02 36.47+0.02
P7 46.93+0.02 41.87+0.02
P8 37.56+0.02 32.45+0.02

Total 337.09+0.02 296.97+0.02
Average mass 42.14+0.02 37.12+0.02

Water absorption

Sample
SB1
SB2
SB3
SB4
SB5
SB6
SB7
SB8
Total

Mean

Standard Plybamboo
Weight before absorbing (g)

37.62+0.02
37.23+0.02
40.25+0.02
37.71+0.02
38.33+0.02
38.14+0.02
39.63+0.02
39.51+0.02
308.23+0.02
38.53+0.02
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55.00+0.02
54.64+0.02
58.43+0.02
55.54+0.02
55.62+0.02
55.59+0.02
57.45+0.02
57.34+0.02

449.61+0.02
56.20+0.02

Weight afteodtiag (g)
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Standard Plywood

Sample Weight before absorbing (g) Weight afteiodiiag (g)
SP1 30.90+0.02 53.13+0.02
SP2 32.70+0.02 54.54+0.02
SP3 32.90+0.02 53.92+0.02
SP4 34.00+0.02 56.13+0.02
SP5 33.29+0.02 55.73+0.02
SP6 33.20+0.02 55.69+0.02
SP7 32.65+0.02 55.88+0.02
SP8 32.95+0.02 56.01+0.02
Total 262.59+0.02 441.03+0.02
Mean 32.82+0.02 55.13+0.02

Paper coverer plybamboo

Sample Weight before absorbing (g) Weight afteiodiiag (g)
B1 54.60+0.02 72.93+0.02
B2 50.90+0.02 67.52+0.02
B3 51.40+0.02 67.84+0.02
B4 53.50+0.02 70.91+0.02
B5 54.50+0.02 69.83+0.02
B6 50.80+0.02 67.42+0.02
B7 51.30+0.02 67.69+0.02
B8 53.60+0.02 70.98+0.02

Total 420.60+0.02 555.12+0.02
Mean 52.58+0.02 69.39+0.02
Paper coverer plywood

Sample Weight before absorbing (g) Weight aftesoabing(g)
P1 42.40+0.02 66.84+0.02
P2 41.80+0.02 62.91+0.02
P3 47.00+0.02 70.13+0.02
P4 37.60+0.02 61.42+0.02
P5 42.30+0.02 66.74+0.02
P6 41.50+0.02 62.79+0.02
P7 46.93+0.02 69.96+0.02
P8 37.56+0.02 61.23+0.02

Total 337.09+0.02 522.02+0.02
Mean 42.14+0.02 65.25+0.02
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Expansion coefficient

Fig. App2.4 : Samples soaked in water

Sample
Lx
SB1 7.48+0.02
SB2 7.39+0.02
SB3 7.76x0.02
SB4 7.85+0.02
SB5 7.55+0.02
SB6 7.62+0.02
SB7 7.66+0.02
SB8 7.64+0.02
Total 60.95+0.02
Mean 7.62+£0.02
Sample
Lx
SP1 7.46+0.02
SP2 7.46+0.02
SP3 7.54+0.02
SP4 7.41+0.02
SP5 7.63+0.02
SP6 7.54+0.02
SP7 7.52+0.02
SP8 7.50+0.02
Total 60.06+0.02
Mean 7.51+£0.02
Sample
Lx
Bl 7.62+0.02
B2 7.31+0.02
B3 7.32+0.02
B4 7.39+0.02
B5 7.62+0.02
B6 7.32+0.02
B7 7.36+0.02
B8 7.45+0.02
Total 59.39+0.02
Mean 7.42+£0.02

Standard Plybamboo

Before Absorption

Ly Lz
7.51+0.02 0.98+0.02
7.66+0.02 0.96+0.02
7.54+0.02 0.96+0.02
7.42+0.02 0.96+0.02
7.57+0.02 0.97+0.02
7.49+0.02 0.96+0.02
7.51+0.02 0.97+0.02
7.51+0.02 0.96+0.02
60.21+0.02 7.72+0.02
7.53+£0.02 0.97+0.02

Standard Plywood

Before Absorption

Ly Lz
7.13+£0.02 1.20+0.02
7.44+0.02 1.19+0.02
7.31+0.02 1.20+0.02
7.54+0.02 1.21+0.02
7.43+0.02 1.19+0.02
7.32+0.02 1.21+0.02
7.231£0.02 1.19+0.02
7.21+0.02 1.21+0.02
58.61+0.02 9.6+0.02
7.331£0.02 1.2+0.02

The Plybamboo Alternative

Paper covered Plybamboo

Before Absorption

Ly Lz
7.49+0.02 1.02+0.02
7.58+0.02 1.03+£0.02
7.35%£0.02 1.03+£0.02
7.60+£0.02 1.04+0.02
7.51+0.02 1.03+£0.02
7.36+0.02 1.03+£0.02
7.36+0.02 1.03+£0.02
7.63+£0.02 1.04+0.02
59.88+0.02 8.25+0.02
7.49£0.02 1.03+£0.02
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After Absorption
Lx Ly Lz
7.47+0.02 7.920. 1.07+0.02
7.42+0.02 7.68¢0. 0.97+0.02
7.78+0.02 7.620. 0.98+0.02
7.92+0.02 7.42+0. 0.97+0.02
7.58+0.02 7.92¢0. 1.00+0.02
7.64+0.02 7.59120. 0.98+0.02
7.68+0.02 7.920. 1.00+0.02
7.66+0.02 7.920. 0.98+0.02
61.15+0.02 .4%60.02 7.94+0.02
7.64+0.02 7.5820 0.99+0.02
After Absorption
Lx Ly Lz
7.54+0.02 7.02+0. 1.23+0.02
7.49+0.02 7.47+0.02 .2240.02
7.60+0.02 7.32+0.02 .23#D.02
7.45+0.02 7.56+0.02 .23#0.02
7.67+0.02 7.50+0.02 .21#0.02
7.54+0.02 7.38+0.02 .25#0.02
7.52+0.02 7.29+0.02 .204D.02
7.52+0.02 7.27+0.02 .2440.02
60.33+0.02 9480.02 9.81+0.02
7.54+0.02 7.3020. 1.23+0.02
After Absorption
Lx Ly Lz
7.64+0.02 7.54%0.0 1.07+0.02
7.35+0.02 7.62+0.02 .084D.02
7.41+0.02 7.48+0.02 .084D.02
7.4+0.02 7.62+0.02 10#0.02
7.63+0.02 7.57+0.02 .0940.02
7.35+0.02 7.41+0.02 .084D.02
7.46+0.02 7.41+0.02 .084D.02
7.48+0.02 7.68+0.02 .104D.02
59.74+0.02 .3%60.02 8.68+0.02
7.47+0.02 7.5420 1.09+0.02
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Paper covered Plywood

Sample Before Absorption After Absorption
Lx Ly Lz Lx Ly Lz
P1 7.44+0.02 7.59+0.02 1.25+£0.02 7.48+0.02 7.62+0.0 1.30+£0.02
P2 7.12+0.02 7.47+0.02 1.27+0.02 7.16x0.02 7.51+0.02 .324D.02
P3 7.44%0.02 7.51+0.02 1.27+0.02 7.47+0.02 7.55+0.02 .3140.02
P4 7.17+0.02 7.51+0.02 1.25+£0.02 7.26x0.02 7.57+0.02 .284D.02
P5 7.42%0.02 7.63+£0.02 1.25+0.02 7.46%0.02 7.66+0.02 .2840.02
P6 7.21+0.02 7.56%0.02 1.27+0.02 7.24%0.02 7.61+0.02 .324D.02
P7 7.48+0.02 7.49+0.02 1.27+0.02 7.56%0.02 7.55+0.02 .324D.02
P8 7.21+0.02 7.43%£0.02 1.25+£0.02 7.25%0.02 7.47+0.02 .284D.02
Total 58.49+0.02 60.19+0.02 10.08+0.02 58.88+0.020.54+0.02  10.41+0.02
Mean 7.31+0.02 7.52+0.02 1.26+0.02 7.36+£0.02 7.5020 1.30+0.02

Physical properties of samples

From the three samples received from each of the lfoards , one is to be used to
determine different physical properties of the bisaio be experiment so differences
in performance could possibly explained by suchiesl

To determine physical properties standard methediaed for plywood as expressed
on NBR 9532(1986): Plywood specificatiqequivalent to th&S 6566 Plywood Part

3 Testing and Samplipgwith the adaptations made necessary to attend the
circumstances.

From one of the 300mm x 350mm board a strip of 7Smmidth is to be taken from
the minor side of the sample board. Now dividedtigp measuring 300mm X 75mm
in four equal sizes. This way we have four piecemsaring 75mm x 75mm. This
operation is to be repeated in all four boardd geelds 16 small squares from each of
the boards. From the 16 pieces 8 are to be seleatelbmly to provide data used to
determine the properties. Individual measurememgtdabe taken of each of the eight
samples for each of the different boards and therame will be used to calculate
physical properties of the boards. The dimensioessurements are taken using a
electronic digital calliper while the masses werdght using a digital jewellery scale
with 150 grams maximum weight and 0.02 precision.

The tables with the measurements can be founceimppendix of this work and only
the relevant results are printed in the body ofstinely.

Density

By definition density of a material is its weiglurfa given volume and it is expressed
different units such as pounds per cubic foot (pgfams per cubic centimetres, or
kilograms per cubic meters (Wilcox et. al.). Wheasity is expressed in grams per
cubic centimetre it assumes the same numericaévaflspecific gravity, or the ratio
of a particular density to the density of watelOQLg.cm?). So if an object has a
specific gravity of 2.5 g.c@ means that the object is two and a half timewikea
than the water.
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Specific gravity usually serves as a measure oérofitoperties, representing the
simplest and best indicator of wood quality in gah@s most wood properties are
directly or in other cases almost linearly relatedpecific gravity (Everett, 1992). In
terms of wood is right to affirm that a wood withite the specific gravity as another
one will be about twice as strong amongst otheilairanalogies.

As a ratio between mass and volume, density isessgd as:

Where:

D: density of the material given in g. cin
m: mass of the material in grams;
V: volume of the material in cms3.

From the data in the table above, the average mass® volumes of each of the
samples where considered and used in the equdiareathe results are expressed in
the table 1 below:

Table 1: Density of the samples used in the presteny

Samples Density ( g.cm?)
Standard plybamboo 0.70
Standard plywood 0.50
Paper covered plybamboo 0.92
Paper covered plywood 0.61

The densities of the boards to be tested presentpdte large variance, the denser
board is the paper covered plybamboo with over #&8ight over the same volume,
this can be related with the industrial processeugoine by the boards as a higher
temperature and pressure during the pressing @oedk yield a denser board
(Ganapathy, 1992). The board structure can alsoeine the density results as
expressed previous in the text before, paper cdvelgbamboo have the double of
the layers of the paper covered plywood , theretfloeeresultant higher density can be
understood.

Moisture content

As stated by Wayne Wilcox in his book: Wood as aldng Material, “moisture
impairs wood’s dimensional stability, strength addrability; it affects sawing,
planning, finishing and all kinds of wood procegginDuring gluing and curing
operations, the integrity the glue joint will degenn the wood moisture content
(Everett, 1992).

Using the same samples used in the determinatiadheofiensity of the boards that
will be utilised in the experiment, and using theso dry method to determine the
moisture content of the boards, this method is rilgsd in detail in the Brazilian
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standards NBR 9532 (1986) that in turn is very kimio the BS 6566 and also the
ASTM in the part that deals with wood and adhesives

The amount of water in wood is expressed as a p&ge of the weight of dry wood
(Wd) and the moisture content (MC) is defined as:

_ Wm- Wd
Wd

MC 100(%)

Where:

MC: Moisture content given as percentage;
Wm: moist weight, or the weight of the substanceoatm ambient
Wd: dry weight of the object after oven dried

The dry weight was determine after repeatedly wdigé sample (oven dry) until the
weight reach a constant value, the results canobedf in the appendix and the
moisture content of the boards are given in thietalbelow:

Table 2: Moisture content of the samples studied

Sample Moisture Content (%)
Standard Plybamboo 11.9
Standard Plywood 11.5
Paper covered Plybamboo 9.2
Paper covered Plywood 13.5

Determining the moisture content of different sagspin the present experiment
useful to compare the boards and the relation Ewhem , the weight at room
temperature was taken after nearly two months efbibards arriving and no data of
boards production were available in terms of terapge and pressure of the pressing
machine, nonetheless the results are within th@eragxpected as stated in the
Brazilian standards for plywood (NBR 9532) and ajs@n by The State Standard of
the People’s Republic of China: GB 13123-91, ondhef few standards dedicated
exclusively to bamboo boards. Both standard plywand standard plybamboo had
very closed values with only 0.5% difference betweabe value is also much closed
to the average moisture content of the wood thatramind 12%. The paper cover
plywood had the lowest moisture content and thidatbe related with the industrial
process as its density was also greater than bex bbards. On the other hand paper
covered plywood has the higher moisture contentasd above the average wood
moisture content and this could influence the gfiterof the glue bond that directly
affected by the moisture content

Water absorption

This is the amount of water absorbed by wood baseels (and also bamboo-based
panels), after soaking in water for a certain ged time. The water absorption of
the panels is connected to the water absorptianatérial that makes up the boards
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itself together with the industrial processing temlogy. As the boards are
manufactured under high temperature and pressute tve input of a adhesives
between the layers it is expect a lower water gitgor than the raw material itself.

Water absorption is calculated according to thio¥ahg formula:

Ma - Mb.10

Wal%) = 1

0
Where:

Wa= Water absorption of the sample given as a péagen
Ma = weight of the sample after absorbing, in grams;
Mb = weight of the sample before absorbing, in grams.

The samples where soaked in water for 48 hourstlaadesults of weight variation
are expressed in the tables below, to calculatentder absorption of each board
using the arithmetic mean of the eight samplesacheone of the boards. The table
with the weight results are in the appendix andradpplying the formula to the mean
results from the tables above the water absorpifothe samples are given on the
table 3 below:

Table 3: Water absorption for the samples used inhie experiment

Sample Water absorption (%)
Standard Plybamboo 45.86
Standard Plywood 67.97
Paper covered Plybamboo 31.97
Paper covered Plywood 54.85

In this experiment the samples were left in waterd8 hours, and after 40 hours both
samples made of bamboo had sunk to the bottomeoifvtiter container however by
the results expressed in the table above revebtiih bamboo ply boards had lower
water absorption than the plywood boards. Wood bathboo are hydroscopic
materials and therefore absorb water in any folmt is why wood and bamboo
change dimensions with change in relative humidibhe rate of expansion will
depend on the density of the material amongst d#wtors.

Compared with the densities of the materials datexthabove in the text confirm the
relation between water absorption and density asémple with lower density was
the one with higher water absorption (standard pyavD= 0.50 g.cn}¥ and nearly
68% water absorption) on the other hand the higtessity gave the lowest water
absorption (paper covered plybamboo D=0.92 g3e@nd 32% water absorption).

Expansion Coefficient

The expansion coefficient deals with the increasdimensions of the board due to
the absorption of water. The coefficient is usédupredict the board behaviour under
wet condition such as in concrete forming wherefih& dimensions of the concrete
are subjected to strict precision requirements.
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Expansion coefficient is calculated using the fdianu

Ha - be1

DH (%) = 00

Where:

H: Expansion coefficient given as a percentage
Ha: length of the sample after absorbing, in ceetim
Hb: Length of the sample before absorbing, in ceaties

Because the sample is tri-dimensional one it isesgary to measure the linear
expansion of each of the dimensions: width, leragttd thickness thus three different
expansion coefficients is to be found for each aintae four different board samples.

The result in linear variation is shown below wherght samples of each board were
soaked in water for 48 hours following methodologyplained in the Chinese
standardLY/T 1073-1992- The test in physic-mechanical prigee of plybamboo of
slivers Plywood boards were subject to the same conditsma direct comparison
can be made.

Arithmetic mean of the three dimensions of eachrdbaghere used in the formula
above and the results are given in table 4 below:

Table 4: Coefficient of expansion for the samplessed in the experiment

Board type Coefficient of Expansion —H (%)
Width Length Thickness
Standard Plybamboo 0.33 0.37 291
Standard Plywood 0.45 0.56 2.19
Paper Covered Plybamboo 0.59 0.75 5.21
Paper Covered Plywood 0.67 0.58 3.27

Determined by the author as the other physical progrties of the boards used in the experiment

In accordance with the experiment it does seemthigatoefficient of expansion have
some relation with the water a absorption of thards, as we can see on the table
above both plywood boards presented a higher eigrapsefficient along the width
of the board than the plybamboo samples however ithinot true on the length
direction where the paper covered plybamboo preseathigher coefficient than the
others and this could be related with the assermpiagess of the board and with the
material used to produced the boards. The smalferdiice in the expansion
coefficient between the width and length ways cdagdexplained by the action of the
glue that restrains the expansion of the layersedyard to the thickness of the boards
the outside layers are not subjected to the sasteane of the glue and therefore it
expands more than the other two directions.

The higher coefficient of expansion was found ia graper covered plybamboo and
this could be related with the number of layerd thake up the boards. This board
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has twelve layers of thin bamboo curtains in conspar with seven layers of the
paper covered plywood therefore the bamboo mateyial greater number ( even
though the overall thickness of the plybamboo veebthan the plywood) what in turn
would have a larger surface area and more sensitivexpansion under wet
conditions.

Despite the fact that the paper covered plywood ddower expansion coefficient
than the paper covered plybamboo at the end ofod@shthe plywood board shown
sign of deterioration as the first layer of ply haeling back. This could be related
with the board moisture content determined abovéntext, where it was above all
the other boards what could possibly affect the dgganding.

Mechanical properties

These properties deals with the behaviour of therdander stress, unfortunately to
proceed with mechanical properties test a greatédarger number of boards would
be need together with laboratory access what ialdity would affect the costs and

time available to the conclusion of such teststiessample boards are not found in
the English market it would be necessary to immanth boards and this would

increase the cost of the experiment.

Nonetheless a brief explanation about the promeridl follow together with
scientific data gathered from the literature andhuafacturers, giving the expected
values for such properties.

Modulus of rupture

Reflects the maximum load-carrying capacity of amber in bending, and is
proportional to maximum moment borne by the speninddis is usually taken as an
acceptable criterion of strength even though thenfda used and its calculation
assumes that it is valid only in the elastic lirttie formula used is as below:

3PL

MOR=
2bh?

Where:

MOR - Modulus of rupture of sample given in MPa;
P — Destructive load of the sample, in newtons;

L — Length of the sample, in millimetres;

b — Width pf the sample, in millimetres, and

h — Thickness of the sample also in millimetres.

Studies from the Nanjing Forestry University in @i affirm the bamboo based
panels have a higher MOR than wood based panelzléfey, 1987) and it is related
with bamboo material having a higher destructivadithan wood. In the table below
the MOR of bamboo based boards were given by thaufaaturers while the
plywood was taken from the literature.
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Table 5: Average MoR for plywood and plybamboo gatared from the literature

Product Modulus of Rupture — MOR — (MPa)
Mat-curtain bamboo * 98
Paper covered plybamboo (concrete 113
formwork)?
Plywood? 80
Paper cover plywood? 80

1 Data given by Chenbao Company, Anji, China
2 From Fustar company, Nanjing, China
3 Youngquist, A.J., 1999, with specific gravity®70 g,cm?

Modulus of Elasticity

By definition it is a measure of the stiffness ofjigen material. In engineering the
term is used to describe a material's ability todowithout losing its ability to return
to its original physical properties (Megson, 2005).

The results are dependant on the load x deformatiaph of the material under test
and is obtained from the static bending test asrdesd in the Brazilian Standard
NBR 9533 (1986) and other international standarealidg with specification of
wood-based panels (e.g. EN314-2(1993)) and it $® alpplied to bamboo based
panels according to the Chinese standards LY/T 18@4@0).

There is not the ain of the present paper to caleumodulus of elasticity for the
reasons given above and only a literature reviawregeal how these boards compare
bearing in mind that the plywood processing vasiatyields a myriad of different
products and most standard define a range of vétwesatters of classification. On
the other hand plybamboo production is based mamighina and India, having a
much smaller variety in the market. The paper ceddyoards used in this tests are
specialist products design to be used as formworkconcrete while the other two
boards can be used for more decorative proposes.

For plywood, with a long history of production wawide the modulus of elasticity
were taken for the values specified by Braziliaandards NBR 9532 (1986) while the
values given for bamboo based panels is taken Gomzales-Beltran in a PhD study
on the use of plybamboo as walls for housing ancbisparable with the literature
(Shenxue et al, 2002).

To determine the modulus of elasticity, the follogvimathematical relation is used:

k.L®

MoE = 3
4b.h

where:

= g or the slope of the load-deformation curve ;

MoE — Modulus of elasticity in N/mm?;
L — Length of the base in mm;
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b - Width of the sample in mm; and
h — Thickness of the boards

Table 6: Expected MoE for plywood and plybamboo gdtered from literature

Product Modulus of Elasticity (N/mm2)
Standard Plybamboo? 5700
Standard Plywood? 4000
Paper covered plybamboo3 8000
Paper covered plywood? 4000

1- From Beltran 2003; 2 - According with NBR 953386); 3 - After Qisheng et al.

The above data gives a better performance for barbbsed panel and are value used
for structure design proposed. For the design ahveork structures for concrete
mould this values are taken into account and hie¢pengineer to decide the best
space between support members of the falseworkaftoo based panels presented
superior values it is expect a better performanicennused as concrete formwork.
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Appendix Il
Concrete

Concrete is widely used as a building materialnbe=satile, durable, and resistant to
weather and to variable loads it uses became tsé dhoice for architects and
engineers in general. Now a days is difficult todfiany building without concrete
either used as footings for load bearing walls@nplete concrete superstructures or
even only as a component in the making of plastedsrenderings.

Considered as a composite material, concrete igposed by a mixture of aggregates
and cement and water. A chemical reaction occumsdsn the elements and a strong
bond is obtained after the free water had evapdrdtgure X shows the average
composition of concrete, the final product will leaa very good compressive strength
(dependant on the individual components) but aleesgength of

the final product will have a very good
compressive strength (dependant on the
individual components) but a tensile
strength of less than 10% of its
compressive strength (ABCP, 2005). In
the majority of concrete structures the
tensile strength is increased with the use
of reinforced steel bars

The different parts that make up concrete
for a high rise structure for example,

source: modify after concrete centre
Figure 1: Concrete composition

have different impacts in the environment and st studied separately in order to
understand its impacts. The sum of each individugact would give an idea of the
impact the use reinforced concrete as a buildingerizd has in the environment

Cement

Portland cement was patented in 1824 by Josephif\spd English stonemason,
after he heated chalk and clay in a kiln at highgerature to produce ‘clinker’ that
when grounded into a fine powder and mixed withewaecomes hard.

Modern day cement factories are responsible toamstunt of greenhouse emissions
and is estimated that for every ton of cement preduaround 1.25 tons of carbon
dioxide is release in the atmosphere (ECO, 199Tgwainly to the combustion of
fossil fuel the maintain the kiln at high temperati(>1,300 C°) where around 0.75
tons of carbon dioxide released for every ton ofmeet produced. With this
credentials cement is considered the bad boy dflibgi materials in the view of
anger environmentalist. On the other hand thouglstnod the architecture today
would not be possible without concrete and togetvidr its thermal mass capacity to
help reduce the running costs of a building is @®red by many as the ultimate
building material.
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Although the percentage of cement in concrete ausoto between 9-13 %, it is
responsible to 92% of the concrete embodied en@mglerson et al, 2003f and the
cement industry is of course the most avid defediéhe inherent environmentally
correct properties of concrete and is researchingeducing the carbon dioxide
emissions in the manufacturing process to improvisgecological credentials. The
research goes from burning waste to heat the &ilasing pulverised-fuel ash, a by-
product from the burning of coal to generate eneagya substitute of cement in the
concrete. A company from Canada sells branded reads cement where fly-ash
content can be as much as 60% dependant of theesamart, 2005).

Aggregates

Divided in fine and course aggregates, the enviemal impact caused are related to
the crushing of rock such granite and limestone, dharry process that can cause
landscape degradation and loss of ecosystems adivéduisity as well the transport.

Is estimated that the contribution of the aggregatethe embodied energy of the
concrete is around 2% (even though the quantitpaggfregates accounts for about
three quarters of the concrete volume) but predaa is difficult to gather due to

variations in quarry locations and final destinatio

Other form of aggregates can be used in the makirgpncrete, in Bangladesh, for
example due to scarce reserves of natural aggsediageuse of crushed bricks to
make concrete is normal practice. Research camigdn concrete samples shown
reduced concrete weight and compressive strengtbhwdompare favourably with
the strengths of concrete made from natural agtge@ekhtaruzzaman and Hasnat,
1996).

A more careful approach when specifying concrete luglp to ease the pressure on
natural resources and also reduces the amouneehgouse gases released into the
atmosphere.

Reinforcement

In Brazil the production of steel is often assamibtvith large factories that rely on
charcoal for the production of a variety of steeldgs. Companies that are operated
national wide are accused of slavery at the botibthe production chain, where tree
logs are burnt to produce charcoal.

Deforestation is another issue closed related ¢optoduction of steel as the raw
material for the charcoal production is extractexht native forest. Research carried
out by Centre for Amazon Studies (Nucleo de AltssuBos da Amazonia) state that
to produce one ton of steel is necessary to busntéhs of wood with very few
coming from planted forests (Monteiro, 206%)

19 Embodied energy of a material is usually an actofithe total energy used to extract and process
added to that the transport involved from extractio the final use and disposal. Anderson, J. et al
Green Guide to Specification, BRE 2003.

20 Reportagem jornalistica "Escravos do Aco", de Dateras e Marques Casara, publicada na edicéo
#6 da publicacdo Observatorio Social Em Revistdnsdtituto Observatério Social (junho de 2004).
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In terms of concrete, reinforcement steel bars playajor role in dealing with tensile
forces acting within the building structure, wromgsign in reinforcement bars
arrangement allied to poor workmanship are a re@peconcrete structure failure.
Alternative reinforcement materials are still undesearch with some successful
examples found with the use of bamboo as reinfoec#nn ground level concrete
slabs for dwellings in Colombia (Hidalgo, 2004).

Developed countries that used up all the natursgrkes of iron ore are now either
importing steel or recycling it. The guide from thHeoyal Institute of British
Architects exhibition entitleHardcore: concrete’s rise from utility to luxuip 2002
claims that ‘all UK produced reinforcing steel isade from 100% recycled steel
scrap’. The use of recycled steel is recommendezhuironmental terms due to the
saves made on extraction and transportation ofativematerial to the transformation
industry.

Considering that the primary energy consumptiorstetl factories are around 26.2
GJ per ton of steel produced (IBGE,2003) and thatamount of carbon dioxide
produced by each GJ is approximately 200 tonne&, (EHD02) so to produce 1 ton of
steel , over 5 tons of carbon dioxide emissiongeleased.

Formwork basics

Currently formwork production is found in a diveysof materials and assemblies but
for all formwork a number of fundamental principlase usually followed. These
principles are related with the use of appropriataterials and standard trained
workmanship together with the design for ease etton and stripping and the care
and maintenance of the formwork the maximum numdfereutilization can be
achieved (Sarma,1998) reducing the final cost ef structure. If the formwork is
made out of wood the greater the number of reatihn the better as a part of been
renewable and cheap it reduces the pressure dardsts as less resources are used.

To the design and construction of formwork threaagal principles are followed in
order to achieve efficiency, they are:

Quality
Safety
Economy

The principles above are correlated to each othéha practice has shown that is a
false economy to reduce quality and that a saf& tace leads to more production
by the operatives thus reducing costs.

Quality

Basically it refers to the finished formed facedtloé permanent concrete structure
and it is related to the accuracy of the strucaure its surface quality that is, in turn,
related to the texture of the final concrete object
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To keep its accuracy the formwork must be builimimimise deviations using means
of alignment and adjustments that includes devieesh as wedges and screws
(Hanna, 1998). Lack of proper formface stiffness a#fect the quality of the finish
surface of the concrete by means of deformationiemwer the grout containing
cement fines can escape and accumulate into the @fafme form making it more
difficult to remove after the cure of the concréBardner, 1985, Sarma, 1998, Hanna,
1998). Other forms of deviations could occur togettwith inaccuracies of
workmanship and are cover by codes of practicesspedific contracts that gives
maximum permitted values for the total of the d8wigs, also called tolerances.

Safety

It is mainly attributed to two major aspects: tleegonal safety of the people not only
the operatives on site but also the general publcl the safety of the formwork
structure (McAdam, 1997). The safety of the peogledealt with by the CDM
regulations that seek to ensure that all hazatdterkto the construction operation are
identified and measures are taken to minimise risk.

The safety of the formwork structure is respongibibf the engineer who calculated
all the possible stresses such structure will igested to during the construction of
the formwork before the placement of the concrei@ing the placement of the
concrete and after the concrete pouring when thavork structure has to support
the concrete until can support itself.

There are several requirements for stability ofmfaork that must be taken in
consideration while designing for such situationd & goes beyond the scope of the
present work.

Economy

The cost of formwork is considered to be around%@®f the cost of a concrete
structuré(APA, 2002). Considering that the structure worlcliles concrete,
reinforcement, formwork and time, the cost for tiabrication of the formwork,
erection and stripping together with the time tthese activities adds to the whole
building program is possible to assess the impogaf deciding the best method of
construction.

If the same formwork assembly is to be used rapelyt large saving can be
achieved as the fabrication costs and maintenavsts are spread over the number of
uses. The savings are not only made on materialal®o in labour costs as with each
repetition of the task the time spent to finish thek lessens, an effect known as
‘learning curve®.

%1 Concrete Forming- Design and Construction GuideAAENgineered Wood Association

*2The concept of the learning curve was introduaethe aircraft industry in 1936 when T. P. Wright
published an article in the February 1936 Jourf#he Aeronautical Science...The theory of learning
is simple. It is recognized that repetition of #a@ne operation results in less time or effort egpdron

that operation. For the Wright learning curve, timelerlying hypothesis is that the direct labour man
hours necessary to complete a unit of productidhdegicrease by a constant percentage each time the
production quantity is doubledkttp://www1.jsc.nasa.gov/bu2/learn.html
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Appendix IV

Board Description
Mat-curtain Boards

Table 1: Mat-curtain board layers

Layer Thickness (mm)
External layer; Bamboo mat board 0.90+ 0.02
Second layer; Bamboo curtain 2.28+ 0.02
Third layer; Bamboo curtain 3.74+ 0.02
Fourth layer; Bamboo curtain 2.25+ 0.02
Fifth layer; Bamboo mat board 0.84+ 0.02
total 9.99+ 0.02

From the measures obtained this board is classfetiat-curtain plybamboo of thick
curtain as expressed Zhang Qisheng et. al. in #obnical report ‘Industrial
Utilization on Bamboo'.

Paper covered

The kind of mat-curtain used is the thin curtaipetyand the layers thicknesses are
expressed on the table below:

Table 2: Mat-curtain plybamboo covered with paper

Layer Thickness (mm)
Impregnated black paper 120 g/cm3
Second class wood veneer 0.90+0.02
Bamboo curtain 0.84+0.02
Bamboo curtain 1.00+0.02
Bamboo curtain 0.93+0.02
Bamboo curtain 0.87+0.02
Bamboo curtain 0.89+0.02
Bamboo curtain 0.85+0.02
Bamboo curtain 0.85+0.02
Bamboo curtain 0.90+0.02
Bamboo curtain 0.84+0.02
Bamboo curtain 0.84+0.02
Second class wood veneer 0.91+0.02
Impregnated black paper 120 g/cm3
Total 10.29+0.02

The measurements above were taken by stripingatterd of the board using a sharp
knife and a small hammer to cut open through therkaand with the utilization of an
electronic digital calliper measure one by one.

Following data available in the restrict literatiabout plybamboo boards (Qiseng,
2002) the thickness tolerance for such boardsds#mm what put the sample board
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received between the expect error margin and asseptative of the product on the
market

Tropical Plywood

Layer Thickness (mm)
Tropical wood veneer 1.09 £ 0.02
Tropical wood ply 3.31+ 0.02
Tropical wood ply 3.06% 0.02
Tropical wood ply 3.55+ 0.02
Tropical wood veneer 1.04+ 0.02

total 12.05+ 0.02

The same method used to stripe the plybamboo beegds used with the plywood
samples as well, the precision of the electrongitali callipers of £ 0.02 mm is well
beyond any measurement taken during constructidusiny work when the precision
are more likely to be £ 0.5 mm (lliston, 2001).

Plywood covered with paper

Layer Thickness (mm)
Impregnated black paper 120 g/cm?
Tropical wood veneer 1.11 £ 0.02
Tropical wood ply 3.31+ 0.02
Tropical wood ply 3.04+ 0.02
Tropical wood ply 3.60+ 0.02
Tropical wood veneer 1.01+ 0.02
Impregnated black paper 120 g/cm3
total 12.10+ 0.02

The paper covered plywood receive different namegeddant on where one is
located but consist essentially on the use of ptyrwill give a very smooth finish
to the board (without the characteristic wood pajtéhat in turn will be printed in the
concrete.
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Appendix V

Test number 1 on May 21

Test type Performance Residual Easy of Clean Cancre
appearance
PWR 9 9 (1) 8 6
BWR 9 7(7) 7 8
PNR 8 7(9) 8 5
BNR 8 5 (15) 7 7
PSWR 9 7 (7) 7 5
BSWR 9 5(17) 5 5
PSNR 8 6 (11) 7 5
BSNR 8 4 (18) 5 5
Where:

PWR: Film-faced plywood with releaggeat

BWR: Film-faced bamboo board with esle agent

PNR: Film-faced plywood with no releagent

BNR: Film-faced bamboo board with etease agent

PSWR: Plywood standard with releasenag

BSWR: Bamboo board standard with redemgent

PSNR: Plywood standard with no relesgent

BSNR: Bamboo board standard with heage agent
(number) Indicates the number of squares filleddsydual concrete

PWR X BWR PNR X BNR
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| PSWR X BSWR | PSNR X BSNR

Analysis:

The concrete was mixed on May "&nd left to cure for three days before
disassembling of the forms. The general appearahdbe concrete was not very
satisfactory with holes and apparent aggregatethersurface of final product that
will be called slab from now on this was probablgused by the not adequate
vibration given to the fresh poured concrete ingige formwork and the holes are
formed by the air trap in the interface concretarbls. Knowing this fact the holes
were not taken in consideration during the evatuatif the concrete surface finishing
and the test can carry.

For this first experiment the boards were cleansithgurunning water, a pointing
trowel and a sponge. The boards were free of resichen the cleaning process was
finished. Using this method of cleaning seems qtitee consuming and other
methods are to be tried on the experiments tovollo

Test number 2 on may 24.

Test type Performance Residual Easy of Clean Cuncre
appearance
PWR 9 9 (1) 9 8
BWR 9 8 (6) 7 9
PNR 7 7 (7) 8 7
BNR 9 7 (9) 6 9
PSWR 7 9 (2) 8 5
BSWR 8 7 (8) 8 6
PSNR 5 7 (8) 7 4
BSNR 8 6 (12) 7 6
PWR X BWR PNR X BNR
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PSWR X BSWR

PSNR X BSNR

Analysis

The external appearance of the boards shown neeadtie difference form test
number one, the concrete was mixed on may&id left to cure for three days, the
weather was fair with scattered showers and thelkemvere left outside as before.

The boards were dry when the striking started op 244 .

None of the boards were cleaned using running waieusing a pointing trowel to
scrape the remains of concrete off the boards gddmth finished the job.

Some of the boards specially PSNR and BSNR anepted signs of cement residual
that did no come off when scraped and cleaned thighdamp cloth. The residual
were left on the board and reused on the followesj and its interference with the
concrete finished is hoped to be addressed.

Test number 3 on may 2%.

Test type Performance Residual Easy of Clean Cuncre

appearance
PWR 9 9(2) 9 8
BWR 9 7(9) 9 9
PNR 7 6 (11) 8 7
BNR 9 6 (12) 8 8
PSWR 9 9 (2) 8 6
BSWR 9 9(2) 8 7
PSNR 6 5 (16) 7 5
BSNR 9 5 (16) 7 6
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PWR x BWR PNR X BNR
PSWR X BSWR PSNR X BSWR
Analysis

The method of cleaning is the same as used orestiebefore and therefore will be
used on the tests to follow.

The sample S1 — PWR x BWR was the easiest one ¢ttebaed. A dry cloth was the
only thing used and the boards had no apparentrder@&due in fact the boards look
like new with no signs of concrete

The S2 — PNR x BNR needed to be scraped off wihiating trowel and wiped with
a damp cloth. Both of the boards had similar appeae when the cleaning process
was finished. They were stained with concrete tsusurface were clean and free of
dust

On S3 — PSWR x BSWR was very easy cleaning, allcthrecrete residue were
cleaned by means of rubbing the damp cloth overtieads surface. The boards ,
though presented opposite features, while PSWRrysot the area filled with
concrete and wet on the surrounding areas the B&MRt where the concrete is
poured and stays to cure and dry on the surrogratieas.

About sample S4 — PSNR x BSNR, after cleaning usindamp cloth , concrete
mixing remains were highlighted , PSNR board hagltee at top left hand side while
BSNR has residue scattered over the board and naigeable cement stains this
boards also have points where the external finedms to be wearing out. Both
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boards were cleaned during the same amount of (tjot under 2 minutes) however
the PSNR looks cleaner than the BSNR.

Test number 4 on may 31.

Test type Performance Residual Easy of Clean Cumncre
appearance
PWR 9 9 (1) 9 6
BWR 9 9(2) 9 8
PNR 7 5 (15) 8 6
BNR 8 5 (16) 7 8
PSWR 8 9(2) 9 7
BSWR 9 9(2) 9 8
PSNR 5 5 (17) 7 4
BSNR 9 5 (17) 7 6
PWR x BWR PNR X BNR
PSWR x BSWR BSNR x PSNR
Analysis

The boards specially made to de used as concrettteshg presented varied
performances, while S1-PWR x /BWR had an impreskeraviour both boards were
loose before the last screw were unscrewed andiyngdinout any residue both were
cleaned with a dry cloth with BWR gave a betted amooth finish on the concrete,
on sample S2-PNR x BNR both boards were still h#dcto the concrete without
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screw being BNR easier to be pulled out , the tesidias reasonable with BNR
having more stains both giving a better finish ttee concrete surface. Although the
residues were very noticeable they were cleanengusipointing trowel and a dry
cloth only. The stains that were rough to the towsre marked with permanent
marker to try to relate the amount of concrete d¢eftthe board an the quality of the
concrete finished.

On S3-PSWR x /BSWR both boards present nearly maires of concrete and were
cleaned using a dry cloth, what make it very comanfor reusing. The PSWR was
easy to release from the concrete but neededt pligl while BSWR was loose and
came out with the last screws. Although a more smeoncrete to touch BSWR
shows the patterns of the weaving.

For sample S4-PSNR x BSNR the residue of concnetie face of the board were
similar with the BSNR having more noticeable censains, such stains do not seem
to have influence on the finishing of the concretethis sample. The cleaning were
made with a pointing trowel and a dry cloth.

Test number 5 on July 2°.

Test type Performance Residual Easy of Clean  @bacr
appearance
PWR 9 9 (1) 9 7
BWR 9 9 (2) 9 8
PNR 6 5 (16) 8 6
BNR 8 5 (16) 7 8
PSWR 7 9 (2) 8 7
BSWR 9 9 (2) 8 8
PSNR 4 5 (17) 6 4
BSNR 8 5 (17) 6 6
PWR x BWR PNR x BNR
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PSWR x BSWR PSNR x BSNR

Analysis

S1-PWR x BWR

Both boards maintained the same scores as theopeetést however PWR presented
a slight better surface finishing than test numbheRNone of the boards presents any
signs of concrete after cleaning and could be demsd new if one is not aware about
the test the boards are being subjected.

S2 - PNR x BNR

Both boards were not completely loose after unsicrgwand this might be related

with the residue left on the board from the timéobe ( this were pen marked and

could be easily identified in both boards and ceteslab. PNR were more easy to be
cleaned than BNR but this does not seems to affecfinishing in the concrete as

BWR still have a better result.

S3 - PSWR x BSWR

This time PSWR was not completely loose after ttreves were taken off this not
being the case for BSWR. Both the boards presangnificant amounts of residues
and although the concrete finishing surface is sheyoon the BSWR side it clearly
shows the bamboo mat pattern on its face.

S4 — PSNR x /BSNR

PSNR needed a hammer to strike the board from Wheshape formwork and is
possible to identify some of the woods fibres stack the concrete. The surface
finishing is quite rough and some of the previoes pnarked residue was found on
the concrete slab and more residual concrete wak sin the board and it seems to
build up on the top of the boards

Meanwhile BSNR were much easier struck off everhwlite residues left from the
time before, such residue was expected to makergtrmore difficult but was not the
case for this board in this experiment.
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Test number 6 on June 8

Test type Performance Residual Easy of Clean  @bacr
appearance
PWR 9 9 (1) 9 7
BWR 9 9(2) 9 8
PNR 6 4 (18) 8 6
BNR 8 4 (19) 7 7
PSWR 9 9 (2) 9 7
BSWR 9 9(2) 9 7
PSNR 4 4 (20) 6 4
BSNR 8 4 (20) 6 6
PWR x BWR PNR x BNR
PSWR x BSWR PSNR x BSNR
Analysis

S1-PWR x BWR

PWR start to show signs of deterioration on thegdge of the board where the
concrete is poured , this edge has no sealantghiarieas recommended by the
manufacturer and but left to see the consequericegb omission. This deterioration
however do not affect the experiment and the baeggerforming as well as the first
test with very little residue that is easily clednBWR have the same scores as last
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time and still gives a better concrete finishingrtiPWR. The boards look as new
before assembling for the next test and this i;defy due to the release agent as
sample two results can confirm.

S2 - PNR x BNR

The performance of both boards can be consideeedaime as the previous test
although the residue left on the boards, this ffecang the concrete finishing for
PNR but not being the case for BNR that lost atpoitthe score due to a worst
finishing compared to last test.

S3 - PSWR x BSWR

This test gave an unlike result as both boardoparhg better than the previous test
with minimal residue left on the board that coudddasily clean with a cloth. BSWR
had a worse score for the concrete finishing coegpér the time before while PSWR
kept the same score.

S4 — PSNR x /BSNR

The boards present similar results as from testoeur apart from the amount of
residue left on the boards , PSNR has residue etsbuild up on the top of the board
and thin fibres of wood can be spotted on the igitt hand side on the concrete slab
while BSNR has the build up spread around the bsarfice, this does not seem to
affect the performance of the board as it was naadher to strike BSNR than PSNR,
and the same for the concrete finishing surfack thié bamboo board giving a better
finish for the concrete in terms of smoothneshasbard pattern is printed in the
concrete.

Test number 7 on June 8

Test type Performance Residual Easy of Clean  @bacr
appearance

PWR 9 9 (1) 9 8
BWR 9 9(2) 9 9
PNR 6 4 (19) 7 7
BNR 8 3(22) 6 7
PSWR 9 9 (2) 9 7
BSWR 9 9 (2) 9 7
PSNR 5 4 (20) 6 4
BSNR 8 4 (20) 6 6
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PWR x BWR PNR x BNR

PSWR x BSWR PSNR x BSNR

Commentaries

For this test the materials were brought for défér suppliers and although the
concrete mixing ratio is the same some propertighinte different.

Analysis

S1-PWR x BWR

Both boards perform well and within the expectadi@s the boards look like new
before start this test. Even the final concretesffirwas better than before, this results
are not consistent with the test and could be edlatith the different source of

supplier for the concrete mfx.

S2 - PNR x BNR

Both boards score the same as previous test oorpefice and concrete surface
finishing. BNR presented a greater amount of resituck in it and consequently was
worse to be cleaned; the build up was not as madANR and the cleaning up of the
board was the same as test 6.

3 The mix ratio was exactly the same but the aggesgzame from a different supplier as the one
before had finished and was not possible to saimesame batch and this can cause differences in
colours and finishes..
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The residues on BNR highlighted the constructiorthm@ use to manufacture the
board with its curtains slates clearly visible umgath the melamine paper.

S3 - PSWR x BSWR

The results for this test were very similar to frevious one, with no releasing
problems, very little concrete residue left on board and very easy to be cleaned,
the concrete surface finish can be considered thdosame as the test number 6.
Again here is possible to see relevant importanciné use of releasing agent when
board reusing is desirable, after tH2 tést the boards still look like new. A simple
visual comparison with sample 1(S1) reveal the tgveaefits of the release agent.

S4 —PSNR x BSNR

The performance score for PSNR shown a differehabieur than the one expected.
As the test goes one is expected for the boarderform the same way or worse than
the time before. In this case PSNR was easier teleased from the concrete than
the previous experiment as no hammer was needexte TH no clear answer for the
event as the process of mixing the cement, aggregatid water are standard for all
the test therefore the same concrete is pourdeisamples affecting the formwork in
the same way each time and if the residue are ahee sogether with the same
concrete surface finishing the explanation mightdaad in variables not yet taken in
consideration such weather. If we start with theaidhat the drier the concrete the
harder it will be to release , the water contenthaf concrete mix is the same, what
changes is the amount of water that the sampleesoaghile curing through
evaporation. If the three days that passed from6tés test 7 were wetter and cooler
than the three days form test 5 to 6 the samplddvioave more water due to less
evaporation. Moreover as stated in the commentdahesaggregates came from a
different source what can cause the propertieseotoncrete to slightly change.
BSNR maintained the same scores, it looks verynsthibut still in good overall
condition

Test number 8 on June 11

Test type Performance Residual Easy of Clean  @bacr
appearance

PWR 9 8 (4) 9 8
BWR 9 8 (4) 9 9
PNR 5 4 (20) 4 6
BNR 7 3(23) 4 6
PSWR 9 9(2) 9 6
BSWR 9 9 (2) 9 6
PSNR 4 3 (23) 5 3
BSNR 7 3(22) 4 5
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PWR x BWR PNR x BNR
PSWR x BSWR PSNR x BSNR
Analysis

S1-PWR x BWR

Both boards presented the same behaviour in tefnsiriking from the concrete
although more residual concrete where found orbtdads. Even though both boards
were cleaned very easily with a dry cloth.

S2 — PNR x BNR

Both boards were stuck to the concrete after ttiediwere taken although PNR
offered more resistance to be removed than BNR thamgh BNR has more residual
concrete than PNR. The concrete appearance figistés also worse than the
previous test (number 7) and this could be relati¢ll the residual concrete left on
the board due to the time consumed to cleaned.

S3 - PSWR x BSWR

Again for this test both boards were easily stfiken the concrete, being both loose
after the fixings were taken out. The residues wemr@mum and were cleaned with

MSc. Architecture: Advance Environmental and Enegydies 117
Marcio Mazzante Haddad



The Plybamboo Alternative

no difficulties at all with a dry cloth (this antictive feature of the boards and the
use of release agefit)

Most of the parameters were the same as the téwtebend for this reason only one

would expect the concrete surface finishing to eohithe same result but this was not
the case. Through observation and side by side aosgm of samples from this test

and previous test (test#4) shows the surface fimgsfor this test rougher than test

number 7.

S4-PSNR/BSNR

PSNR decrease its performance as a hammer wasastike the board from the
concrete. There is a very clear build up of comcressidue stuck to the board after
striking and this is probably affecting the boamtfprmance as well as the concrete
surface finishing that is found to be more roughthie touch where the concrete
residue build up is greater , for the PSNR sangpleppen to be on the top half of the
board. BSNR on the other hand was also still attiddh the concrete after the fixings
were taken but no hammer was used but free harthgouThere is also a greater
concrete residue build up on the board and it seenaffect the concrete surface
finishing the same way as PSNR, although the lupldn BSNR is spread around the
boards. The pattern printing on the concrete sarfeseems to be getting sharper and
clear. This could be acceptable in concrete strastuhat are to be plastered and
painted as the pattern forms a perfect key forghigpose.

Both boards were cleaned using a pointing troweladry cloth to dust off the figure
above shows the board after cleaning, is possibgee the different concrete residue
build up on the boards while PSNR have it concéatoa the top of the board BSNR
has it spread through out the board give the b@amlorse appearance than the
plywood version however the test give a differasnicusion.

Test number 9 on June 14

Test type Performance Residual Easy of Clean  @bacr
appearance
PWR 9 8 (4) 9 7
BWR 9 8 (4) 9 9
PNR 4 4 (20) 4 5
BNR 6 3 (23) 4 5
PSWR 8 9(2) 9 6
BSWR 9 9(2) 9 6
PSNR 3 3 (24) 5 3
BSNR 6 2 (25) 4 5

%4 The easier to clean the better so the use ofeleage agent is already justified in this experimen
because after eight test the boards, that theselagent were applied before the concrete pouairay,
still looking as new the same cannot be said ath@ubnes without the use of release agent.
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PWR x BWR PNR x BNR
PSWR x BSWR PSNR x BSNR
Analysis

S1-PWR x BWR

PWR presented a worse concrete surface finishiag BNR but this could be related

with the size of the sample that not allow for &ficent vibration of the concrete as

in all the other parameters the boards have prefdras new as expected for the
control boards

S2 - PNR/BNR

Both boards were not loose after the fixings weilleeh out although PNR required
more strength to be pulled out than BNR. (PNR wasck just before BNR, the
difference on strength needed was an objective fact

From the previous tests the boards were not coelpletean due to the trouble (e.qg.
time consuming) for so, therefore this can haveelation with the difficulty in
striking, and in this case as well as in the camecmirface finishing that for both
boards were worse.

The cleaning process has not improved since thaque test, and residual concrete
were left on both boards as before.
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S3 - PSWR /BSWR

PSWR needed to be pulled out of the concrete WB8&VR was loose after the
screws were taken out. Both boards were remarkabdn and the residual concrete
was cleaned with a dry cloth without difficultieBhe concrete surface finishing did
not show any noticeable difference from test nuniber

S4 — PSNR /BSNR

This time again PSNR needed a hammer to be relefisad the concrete (the
hammer do not caused any apparent damage to tiné) bdhe residual concrete did
not shown any greater build up even with the cdedeft on the board from the last
experiment. The finished concrete surface did natehany noticeable change
compared with previous test

BSNR kept the same score for board behaviour utdkidual concrete was greater

than test n. 8. No noticeable difference to thecoete surface (with mat pattern
printed)

Test number 10 on June 17

Test type Performance Residual Easy of Clean  @bacr

appearance
PWR 9 8 (4) 9 7
BWR 9 8 (4) 9 9
PNR 4 4 (20) 4 4
BNR 6 3(23) 4 4
PSWR 8 9(3) 9 6
BSWR 9 9 (3) 9 6
PSNR 3 3 (24) 5 3
BSNR 6 2 (25) 4 5
PWR x BWR PNR x BNR
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PSWR x BSWR PSNR x BSNR

Analysis

S1-PWR x BWR

Both boards are in very good condition as expedtedthe control boards. The
concrete surface finishing was the only paramettdr some variation for the reasons
given on test number 9.

S2 - PNR x BNR

This time both boards required the same strengbietstrike from the concrete and is
possibly related with the residual concrete leftlom board. The concrete is also left
on the board for the next experiment due to theetigpent trying to clean it
completely. The concrete is very solid and couldsh&l that is not possible to be
cleaned.

S3 - PSWR x BSWR

The same again for the boards PSWR and BSWR, feyeliice from test number 9
were worth record.

S4 — PSNR x BSNR

No noticeable difference from previous test wastbon the boards.
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Test number 11 on June 28

Test type Performance Residual Easy of Clean  @bacr
appearance
PWR 9 8 (4) 9 7
BWR 9 8 (4) 9 9
PNR 3 4 (20) 4 4
BNR 6 3(22) 4 4
PSWR 8 9(3) 9 6
BSWR 9 9(3) 9 6
PSNR 3 3 (23) 5 5
BSNR 6 2 (25) 4 5
PWR x BWR PNR (damage) x BNR
PSWR x BSWR PSNR x BSNR

S1-PWR x BWR

Both boards in very good condition

S2 — PNR x BNR

PNR has failed in the experiment due to the pealinpe impregnated paper,

therefore it is not necessary to carry on the axgert the analyses of final results can
be found in the body of the work
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