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Technical Note

AMETHODOLOGY TO SELECT A GROUP OF SPECIES AMONG 131
TROPICAL (COLOMBIAN) SPECIES FOR BOWED
TIMBER APPLICATIONS

Natalia Caicedo-Llano’

In memoriam of Dr. Manfred SCHWANNINGER

ABSTRACT

We present a methodology of selecting wood species for architectural purposes, especially when a
curved shape is required. First, a mechanical criterion is associated with a morphology, more specifically
a characteristic value of stress-strain relation is associated with the attitude of wood for bowing.
Second, a filtering is done using data of wood in the green state and in the dry state, and then the wood
selection is refined by using relevant criteria related to environment and economic considerations. The
following four species are the result of the selection: Sande or Guaimaro (Brosimum utile), Ceiba (Ceiba
pentandra), Tamarindo (Dialum guianense), and Roble flor morado (Tabebuia rosea). Information given
in the literature is complemented with results of bending experiments when information is lacking. The
result emphasizes that tropical species are fitter than temperate species for bowed wood applications.

Keywords: Tropical wood, colombian species, bowing timber, Brosimum utile, Ceiba pentandra,
Dialum guianense, Tabebuia rosea.

INTRODUCTION

The research is motivated from a structural point of view by the fact that a timber element with the
same section can support more load when working as an arch than as a straight beam. Thus, a curved
construction system is more efficient in terms of volume of material per applied load. Nevertheless,
the use of arches rises by economic and environmental considerations as: cambered beams are often
made in glulam. Hence the interest we attach to the possibility of building arched structures by bowing
green timbers in the required shape instead of technologies requiring more transformation (e.g. drying,
laminating, gluing).

Most species can be bent in the green state soon after falling, reducing the time and the cost of drying,
and thus making the constructive system better from an environmental and economic point of view.

According to reference (U.D.F.J.C. 2010), in Colombia, there are 4681 botanical species with more
than one thousand that can be considered as wood. For the purpose of the research we create a database
with information from different references (A.L.S. 2010, Gerard 2008, Hernandez-Cérdoba 2006,
J.UN.A.C. 1984, Lastra-Rivera 1987, Lopez et al. 2010, Nieto et al. 1998, Nieto 2004, Obregon-Sanchez
2005, Proexport 1980, Proexport 2009, Rojas-Gutiérrez 2008, Escobar and Rodriguez 1993, Salazar
2010, UDFJC 2010, Sautu et al. 2006, Triana-Gomez ef al. 2008, Vazquez et al. 1999, Vasquez-Correa
and Ramirez-Arango 2005) regarding 200 species and mechanical information regarding 131 species.
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A similar methodology to select a group of species is proposed by (Teranishi et al. 2008) but in
this case the evaluation of quality indexes of bending performance and hardness for hardwoods is done
only through impact tests done on site. This methodology can be more precise but it requires a lot of
resources. The fact that there are similar methods to give an answer to the same question shows that
there is a need on this subject in developing countries.

The aim of this paper is to develop a methodology of selecting wood species to be used as bowed
construction timber. It is important to highlight the difference between to bend and to bow. Bending refers
to the deflection taken by a beam when loaded, usually considered as a small and reversible effect which
does not alter the nominal geometry of the structure. Bowing, more specifically, is the effect of bending
into the shape of a bow by curving it, and can be used to generate the nominal geometry of a structure.

MATERIALS AND METHODS

First, a selection of species more suitable for bowing is done using a database created for the purpose
of this paper allowing the comparison of species according to some criteria which will be presented in
section materials and methods for the selection of species. This database is first made starting from the
literature, and then upgraded with information obtained from experiments which will be presented in
the same section. Verification tests are necessary because values in the literature are often not consistent
with each other.

Materials and methods for the selection of species

We developed a database of Colombian wood species taken as starting point a database created by
the research laboratory “Madera y Guadua” of the “Universidad Nacional de Colombia”. Modifications
made to this database are: the addition of categories (origin and conservation of species, geographic
location), the addition of subcategories in existent categories (age of maturity, yield, annual increment),
the introduction of classifications to handle some qualitative information, and the indication of the
bibliographic reference per data.

In Figure 1 an example is shown of an index card of one species from a total of 131 species.
Information is compiled from the following references: (Escobar and Rodriguez 1993) corresponding to
code B-37, (J.U.N.A.C. 1984) corresponding to code B-44, (Lastra-Rivera 1987) corresponding to code
B-53, (Vasquez-Correa and Ramirez-Arango 2005) corresponding to code B-55, (Nieto ef al. 1998)
corresponding to code B-68, (Vazquez et al. 1999) corresponding to code B-76, (Lopez et al. 2010)
corresponding to code D-02 (A.L.S. 2010) corresponding to code S-07, and (Salazar 2010) corresponding
to code U-03A. Notice that this example is in English but the database is in Spanish.
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Colombian wood species

Characteristics of the tree

Code of Code of
the the
reference reference
Code of the species 25 Common names in e Alder D-02
Common name Roble flor morado B-37
Scientific nam Tabebuia rosca B37 Common names in french Roble blanc, Amapa D-02
Scientist Bertol
= Family Bignoniaceae B-37
Synonymous of the Tabebuia pentaphylla (L.) Hemsl. B-37 -
T it ame Maximal height (m) 25 B-37
Other common names  Roble, Flormorado, Ocobo, D-02 Dismeter (m) i B-76
Otovo, Apamate, Chi Shape of trunk Irregular and short B-37
Guayacdn, Guayacdn rosado, =
Ocobo rosado, Palo colorado, Age of maturity (years)
Polvillo, Roble de rio, Roble de Yield (m3/ha/year) 20 B-68
sabanaRoble morado, Roble :
sabanero Annual increment (cm)
Characteristics of the wood species
Code of Code of
the the
reference reference
Sapwood Yellow B-37 Qualitative capacity todry 3 B-44
— . ™ artificially
Heartwood Hard to identify because it B-37
gradually turns into brown Preservation Easy to immunize with liquid B-37
Texture Varies from curved to interlaced ~ B-37 preservatives
Qualitative natural durability ~High natural durability to B-37
Qualitative capacity to  Quite easy to dry naturally but B-37 putrefaction unless white
iy uatarally persitiitic Quantitative natural durability 4 B-37
Quantitative capacity to 3 B-37
dry naturally Qualitative natural durability
Qualitative capacity Timber slightly wrapped and with B-37

not to deform during Quantitative natural

durability

Quantitative capacity 3 B-37
not to deform during Impregnability B-37
drying £
—— _ Workability Easy to work with B-37
Quantitative capacity 2 B-44
to dry naturally
Origin of species and for species for conservation
Code of Code of
the the
reference reference
Species the IUCN list Origin of species
in Colombia Reforested species Yes B-68
Species the IUCN list
internationally
Geographic location
Code of Code of
the the
reference reference
Location per region Canyon of Cauca's river, central ~ B-37 Location per region D-02 Cundinamarca, region of D-02
region of Magdalena, Tolima, Uraba,Sierra Nevada de Santa
Huila, Sarare (Arauca), Marta and the Amazonian region
Cundinamarca, region of Urabi - :
and Cérdoba. Minimal location in altitude (m) 0 D-02
Maximal location in altitude (m) 2000 D-02

Mechanical properties

Code of Code of

the the

reference reference
Density (g/cm3) 0,54 $-07 Tension stress in the dry state (Mpa) 110,04 S-07
MOE in the dry state (MPa) 12400 B-37 Compression stress perp to grain in the dry state (MPa) 6,53 S-07
MOE in the green state (MPa) 12500 B-37 Shear stress in the dry state (Mpa) 13,13 S-07
Bending stress in the dry state (Mpa) 110,24 S-07 Bending stress in the green state (MPa) 82,03 B-37
Compression stress par to grain in the dry state 63,39 $-07 Compression stress par to grain in the green state (MPa) 37,73 B-37

(Mpa)

Figure 1. Index card of Tabebuia rosea (Roble flor morado).

To select a group of species for bowed timber application we divide the selection in two parts according
to two groups of criteria. In this order of priority the criteria of first level are:

Cl.  Mechanical characteristics.

C2.  Origin of the wood, selecting native prior to introduced species.

C3.  Absence on the red list of the International Union for Conservation of Nature as in (Lopez et al. 2010).

C4.  Presence on the reforested species list according to the “Programa Colombia Forestal” as in (Hernandez-Cérdoba 2006).



Criterion C1 is a numerical ordering value. Criterion C2 is a simple exclusion selection. Criteria C3
and C4 work logically as follows: C3 V V4 (exclusion is a consequence of a double not).

In regard with mechanical characteristics (C1) it is important to explain variables taken in consideration
for comparison as follows: in Figure 2 is shown the stress vs. strain diagram of an specimen tested on
site. The proportionality limit point p (ap,ap) is defined as the point where the stress-strain curve leaves
the approximately linear behavior as identified by the straight line E. Note that E is closer fitting with
the first part of the stress-strain curve (which is slightly non-linear in general). The peak pointy (e },ay)
is defined as the maximum stress point at the failure of the specimen.

In order to make a ranking of species for bowed wood applications the selection should be done
by their largest strain at the proportionality limit point, at the peak point (or another point belonging to
stress vs. s}rain curve) but for the purpose of this paper the selection is done based on the fictitious strain
value = F‘ . In Figure 2 is shown, the value = used because mechanical characteristics are taken in
the majority of cases from the current Colombian construction standard, i.e. the chapter on wood (A.L.S.
2010), which gives only oy and E as material characteristics. Stress values in this publication are at the

peak point o, and not at the proportionality limit point o,

For values included in the database coming from (A.L.S 2010), the following conversion is used:

_ 9b,adme
% = 70,166 (M
Where o, . is the permissible bending stress given in the source (MPa).
90
80 /.
"

70 >~
~ 60
I
[
g
©

—==Measured data

=FE Young Modulus

0,0150

Figure 2. Bending test. Specimen: T-03-08. Stress vs. Strain diagram.
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The minimal radius of curvature that can be given to a beam is related to the size, shape of the beam,
and to the strain at the peak point €, by the equation:

R :g 2

min
b

h
Where y*is a length related to the size and shape of the beam cross section (e.g. ¥* = 3 if if the
section is a rectangle of height /).

To simplify matters a more conservative equation is considered here:

— ys _ Oy
Rmin = Eifzf (3)

The first selection made on the basis of first level criteria is refined by comparing information
concerning second level criteria.

Criteria of second level for the selection of species are:

C5. Capacity to dry naturally.

C6. Capacity not to deform during drying.
C7. Natural durability to bio-hazard.

C8. Availability on the market.

Criteria C5, C6, and C7 is a numerical ordering value. Criterion C8 is a simple exclusion selection.

The capacity to dry in the original database is divided into three categories: the capacity to dry
artificially, the capacity to dry naturally, and the capacity not to deform during drying. We have actually
taken into consideration only the last two categories in order to select a species by the least artificial
means possible.

Materials and methods for bending stress tests
In Colombia only a few species sold on the market are certified. Species used for bending tests bought
on the market are identified by their macroscopic characteristics.

The species recognition for the purpose of this paper is done using two independent procedures. One
procedure is to compare the specimen of the selected species with the information given in (Vasquez-
Correa and Ramirez-Arango 2005). In case there is no macroscopic information published because
some of the species selected are not common, the second procedure is to bring the specimen to the
“Laboratorio de Maderas” of the “Universidad Distrital Francisco Jose de Caldas” where they make
the species recognition.

Bending tests are done, based on A.S.T.M. standard methodology according to reference (A.S.T.M
1994) with the following procedure:

The size of specimens shall be made on 50 mm by 50 mm by 760 mm primary method specimens or
25mm by 25 mm by 410 mm secondary method specimens. Tests are done using the secondary method.
The actual height and width at the center and the length is measured. We apply the load at the center
of supports with a span between supports of 360 mm at least. These spans are established in order to
maintain a minimum span-to-depth ratio of 14. Tests are done with a fixed support assembly with a span
of 375 mm. In relation with the placement of growth rings, we place the specimen so that the load will
be applied through the bearing block to the tangential surface nearest the pith.

249



In regard to speed of testing, we apply the load continuously throughout the test at a rate of motion of
the movable crosshead of 1,3 mm/min. Load-deflection curves are recorded to or beyond the maximum
load for all static bending tests. Within the proportional limit, deflection readings are taken to 0,02 mm.
After the proportional limit is reached, less refinement is necessary in observing deflections, but it is
convenient to read them by means of the dial indicator until it reaches the limit of its capacity. Deflections
are read to the nearest 0,2 mm at 2,5 mm intervals and also after abrupt changes in load. We classify
the static bending failures in accordance with the appearance of the fractured surface and the manner
in which the failure develops. We measure the gravimetric water content of the specimen immediately
after using the methodology described on the A.S.T.M. standard (A.S.T.M 1992).

The gravimetric water content is calculated by the equation:

mD
x 100 (4)

Where m is the mass of the original specimen, and m_is the mass of the oven-dry specimen.

In the case of saturated specimens, bending tests are done after dipping them in water more than
two weeks.

Strain, stress, and Young modulus are calculated by equations as in (A.S.T.M. 2005a):

6 xXhxf
oo (5)
lZ
3XFXI
(6)

7T xbxh?

g
E=—
£

(7

Where fis the deflection (mm), 1 is the span (mm), b is the specimen’s width (mm), h is the specimen’s
height (mm), and F is the load (N). There are some theories according to (Lastra-Rivera 1987) and
(Trouy-Triboulot and Triboulot 2001) on how to correct a mechanical value of a specimen tested at
specific gravimetric water content to estimate the value at the 12% of gravimetric water content. We
use the correction standard according to (Lastra-Rivera 1987), but consider also the restricted range of
6% and 20% given by (Trouy-Triboulot and Triboulot 2001). In the case of specimens in the dry state,
because average gravimetric water content of wood in Bogota is 16%, in order to have values at the
12% we calculate the mechanical value by the equation:

o =0 x(1+kx(w—12)) ®)

EB =Ex(1+kx(0—12)) )

Where, o is the gravimetric water content of the specimen, o is the stress, and E is the Young
modulus resulting from tests.

Values of correction factors k are taken from the
Table 1 as in (Lastra-Rivera 1987).
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Table 1. Values of correction factors k (Lastra-Rivera 1987).

Young modulus or stress Correction factor k
) Stress at the proportionality limit 5
Sy Stress at the peak 4
E Module Young 2
RESULTS

First, we present results of the selection of species more suitable for bowing applications. Then, we
present results of tests of selected species.

Selecting a group of species based on mechanical data of timber in the green state
The strain at the value £ in the green state of 68 tropical (Colombian) species is been compiled
from references that have been described in section materials and methods for the selection of species.

The best 55 species shown in figure 3 are selected on the basis of the criterion C2 presented in the
same section, where Teka (Zectona grandis), Cipres (Cupressus lusitanica), and Carbonero (Licania
tomentosa) are introduced species that must been disregarded. With regard to the first species, the
information is taken from reference (Nieto 2004) and with regard to the other two species from reference
(Lopez et al. 2010).

On the basis of the criterion C3, the following species must be disregarded: Abarco (Cariniana
legalis), Aceituno (Humiriastrum colombianum), Alatripe (Cordia alliodora), Balsamo (Myroxilon
balsamum), Caoba palo santo (Swietenia macrophylla), Carreto (Aspidosperma dugandii), Cativo
(Prioria copaifera), Cedro caqueta (Cedrela odorata), Choiba (Dipterix oleifera), Guayacan polvillo
(Tabebuia serratifolia), and Punte or Candado (Minquartia guianensis). These species are on the red
list of the I.U.C.N. and are not on the reforested species list.
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_COMMON NAME _SCIENTIFIC NAME  REF. (E %)*  REF. (o y)**
Abarco ariniana legalis 37 37
Aceite maria Calophyllum mariae 37 37
ceituno  Humiriastrum colombianum 55 -
chapo ‘edrelinga catenaeformis Biyd .37
Alatr ordia alliodora -37. -37.
Algarrobo Hymenaea courbaril .37 7
“Almendra r glabrum 3 E
Arracacho Clarisia racemosa - -60
Balata nisperillo Manilkara bidentata -37 -37.
Balsamo Myroxilon balsamum -37 -37.
Bonga / Ceiba ‘eiba pentandra 37 37
Caimito fluy.wfllq)'/um cainito -37 7
Camajon terculia apetala -, -37
Caoba palo santo Swietenia :mr:opl[n'lla -37 -37
Caracoli aspave iuum excelsum .37 37
arbonero Licania tomentosa -37 37
arra Hubenodendron patinoi . 5
Carreto Aspidosperma dugandii 07 5
i ‘rioria copailera -37 -37
Cedro caqueta Cedrela odorata 37 7
Ceiba blanca / Ceiba amarilla 37 -37
Ceiba tolua -37 -37.
.37 .37
Cha l;u'r7 saino -37 -37
jiminango -
“hofba i : :
Chuguaca pantano Hieronyma laxiflora 37 X74
Cipres Cupressus lusitanica 37 Erd
Coc i -
Cocuelo blanco Gustavi a .37 37
Dinde / Palo mora Chlorophora tinctoria .37 .37
Dormilon Pentaclethra macroloba -37 -37
Fucalipto Eycalyptus globulus -37 .37
Fresno cedrillo Capirira giianensis 55 3
Frijolito-Tambor / Frijolito Schizolobium parahya X 3
uaimaro Brosimum alicastrum
Guayabo / Palo prieto Terminalia amazonia .37 37
Guayacan hobo Centrolobium paraense -
Guayacan polvillo Tabebuia serratifolia .37 .37
uino langare urapa guianensis .37 7
Hobo colorado, /?ul)o S;)mn/m.s mombin -37 -37.
Machare Symphonia globulifera 37 .37
Magui /Magui-magui Vataireopsis sp. = 5
Mazabalo Carapa guianensis 55
Mediacaro, outeria s| -07. -5
Mora aji Clarisia nitida .37 .37
Nato Mora megistosperma -37 -37
Pirion de oreja  Enterolobium cyclocarpum i, x
Punte/ Candatdo linquartia guianensis 37 37
unul Quararibea asterolepsisi 37 37
Roble flor morado abebuia rosea -37 37
aman Samanea saman -37 -37
Sande / Guiamaro Brosimum utile -37. -37.
Soroga Vochysia feruginea 37 7
a ‘ectona grandis 37 7
0 2 1 6 8 10 12
*Code of the reference where was taken the Young modulus value. -%0
**Code of the reference where was taken the permissible bending stress value. €

Figure 3. Selection of best 55 tropical (Colombian) species ranked according to the
strain at the value £ in the green state.

Of the remaining 41 species, a ranking is been done according to criterion C5 (their capacity to
dry naturally), criterion C6 (their capacity not to deform during drying), and criterion C7 (their natural
durability to bio-hazard). A raking according to criterion C5 is shown in figure 4. Values shown in blue
correspond to a grade we give to qualitative information taken from reference (Escobar and Rodriguez
1993) corresponding to code B-37. Values shown in red are taken from reference (J.U.N.A.C 1984)
corresponding to code B-44. The deviation from one reference to the other is very small, the level of
accuracy can be considered as acceptable.
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_COMMON NAME _SCIENTIFIC NAME

Aceite maria Calophyllum mariae

Achapo Cedrelinga catenaeformis

Algarrobo H) courbaril

Almendra Caryocar glabrum

Arracacho Clarisia racemosa

Balata nisperillo Manilkara bidentata
Bonga / Ceiba Ceiba pe 7

Caimito Chrysophyllum cainito

Camajon terculia apetala

Caracoli aspave
arra
Ceiba blanca / Ceiba amarilla

eiba tolua Bombacopsis qui
Chanul Saccoglotis procera
Cllzguim saino oupia glabra
himinango Pithecellobium dulce
Chuguaca pantano Hieronyma laxiflora
Coco mono Lecythis sp. & B-37
Cocuelo blanco Gustavia speciosa B B-44
Dinde / Palo mora Chlorophora tinctoria 3
Dormilon Pentaclethra macroloba 1 - Difficult to dry
Eucalipto Eucalyptus globul,
Fresno cedrillo 1apirira guianensis 2--
Frijolito-Tambor / Frijolito Schizolobit arahya
Comoab /PCIuaimam I%r 7 alicastrum 3--
uayabo / Palo prieto erminali; i
H G‘uaya(a/ﬁmbo Centrolobium paraense 4~ Easy to dry

Guino tangare
Hobo colorado / Jobo

Anacardium excelsum
Hubenodendron patinoi
Hura crepitans

g urapa guianensis

Machare Symphonia globuli
Magqui / Maqui-maqui Vataireopsis sp.
lazabalo Carapa guianensis
Mediacaro outeria sp.
Mora aji Clarisia nitida
Nato Mora megistosperma
Pinon de oreja  Enterolobium cyclocarpum
unula Quararibea asterolepsisi
Roble flor morado Tabebuia rosea
Saman samarn
Sande / Guiamaro Brosii utile
oroga Vochysia ferruginea

Figure 4. Ranking comparing capacity to dry naturally per species.

A ranking according to criterion C6 is shown in figure 5, where drying deformation is based on
qualitative information per species. In regard with values shown in figure 6, a ranking comparing natural
durability to bio-hazard per species is taken from reference (Gerard 2008) corresponding to code D-01,
and reference (Escobar and Rodriguez 1993) corresponding to code B-37.
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_COMMON NAME
Aceite maria
Achapo
Algarrobo
Almendra
Arracacho
Balata nisperillo
Bonga/ Ceiba
Caimito
Camajon
Caracoli aspave

arra
Ceiba blanca / Ceiba amarilla
eiba tolua

Chanul

Ch.zguiro saino

‘himinango

Chuguaca pantano

Coco mono

Cocuelo blanco

Dinde / Palo mora
Dormilon

Eucalipto

Fresno cedrillo
Frijolito-Tambor / Frijolito
Guaimaro

Guayabo / Palo prieto
Guayacan hobo

Guino tangare

Hobo colorado / Jobo
lachare

Maqui / Maqui-maqui
Mazabalo

Mediacaro

Mora aji

ato
Piiion de oreja

unula
Roble flor morado
aman
Sande / Guiamaro
oroga

_SCIENTIFIC NAME
_ Calophyllum mariae
mis

«

g ;
Hymenaea courbaril

Caryocar glabrum '
. IC larisia racemosa
e

Ceiba p dra
Chrysophyllum cainito

terculia apetala

Anacardium excelsum

Hubenodendron patinoi '

ra crep.
Bombacopsis quil

Saccoglotis j)rocera
oupia glabra
Pithecellobium dulce
Hieronyma laxiflora
ecythis sp.

Gustavia speciosa
Chlorophora tinctoria

Pentaclethra macroloba
Eucalyptus globul
Tapirira gui; 2

Schizolobium parahya
Brosimum alicastrum '
il 5

er
Cemrglobium paraense

urapa
S{)ondi‘%
e

Vata?‘reopsis sp. |

Carapa guianensis |
‘outeria sp. |

Clarisia nitida

lora sperma
Enterolobium cyclocarpum

Quararibea asterolep
Tabebuia rosea
S samarn
B utile

Br
Vochysia ferruginea

o
[y
N

3

4

@ 0 - Without information

@ 1 - Many odd consequences
m2--

m3--

@ 4 - No consequences

Bio

Figure 5. Ranking comparing drying deformations based on qualitative information per species.

Caracoli aspave

arra
Ceiba blanca / Ceiba amarilla
e

_COMMON NAME _SCIENTIFIC NAME '

Aceite maria Caloph mariae

Achapo  Ce inga ¢ 2
Algarrobo Hymenaea courbaril
Almendra Caryocar glabrum
Arracacho Clarisia racemosa

Balata nisp Manil 7
Bonga / Ceiba Ceiba p

Caimito Chrysophyllum cainito
Camajon terculia apetala

Hubenodendron patinoi

Hura crepitans

@ B-37
@ D-01

0 - Without information

tolua Bambam;}sis quinata
Chanul Saccoglotis procera
Chaguiro saino oupia glabra

7 Pithec fum dulce
Chuguaca pantano Hie laxiflora
oco mono Lecythis sp.
Cocuelo blanco Gustavia speciosa
Dinde / Palo mora Chlorophora tinctoria
rmilon Pentaclethra macroloba
Eucalipto Eucalyptus globulus
Fresno cedrillo Tapirira guianensis
Frijolito-Tambor / Frijolito Schizolobium parahya

Guayabo / Palo prieto
uayacan hobo

Guino tangare

Hobo colorado / Jobo
Machare

1 alicastrum

paraense

Curapa guianensis
Spondias mombin

Magqui / Maqui-maqui " Vataireopsis sp.
v %Iaubgla Carapa, e
Mediacaro Pouteria sp.

Mora aji Clarisia nitida

ato lora megistosperma

Pifion de oreja Ent;{olobium cyclocarpum

oo T s,

Roble flor morado Tabebuia rosea
Samanea saman

Sande / Guiamaro Brosimum utile
roga Vochysia ferruginea

_—
—_—

Anacardium excelsurm F——
——
——
_—
I
I

1 - Situation during while wood
i under shelter and no exposed
to moisture.

2- Situation during while wood
is under shelter but exposed to
high and variable moisture.

3 - Situation during while wood
is neither under shelter, neither
in direct contact to floor. It is
under shelter but exposed to
frequent moisture.

4- Situation during while wood
is in direct contact 1o floor or
water, been continuously
exposed to moisture.

5 - Situation during while wood
is always exposed 1o salt water.

Figure 6. Ranking comparing natural durability to bio-hazard per species.
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Concluding the choice is restricted to 19 species, i.e. in order of priority:
Achapo (Cedrelinga catenaeformis)

Dinde / Palo mora (Chlorophora tinctoria)
Cocuelo blanco (Gustavia speciosa)

Caracoli (Anacardium excelsum)

Carra (Hubenodendron patinor)

Chaquiro saino (Goupia glabra)

Hobo colorado / Jobo (Spondias mombin)
Machare (Symphonia globulifera)

9.  Mazabalo (Carapa guianensis)

10. Nato (Mora megistosperma)

11. Punula (Quararibea asterolepsisi)

12.  Saman (Samanea saman)

13. Sande / Guaimaro (Brosimum utile)

14.  Soroga (Vochysia ferruginea)

15. Ceiba tolua (Bombacopsis quinata)

16. Guayabo / Palo prieto (Terminalia amazonia)
17. Roble flor morado (7abebuia rosea)

18. Bonga/ Ceiba (Ceiba pentandra)

19. Caimito (Chryssophyllum cainito)

NI R LD =

Therefore, only Tabebuia rosea, Brosimum utile, Ceiba pentandra, Terminalia amazonia, and
Bombacopsis quinata are available on the market. We select Tabebuia rosea, Brosimum utile, and Ceiba
pentandra in order to complete the investigation with information taken on the site of bending tests.

Selecting a group of species based on mechanical data of timber in the dry state

The strain at the value £ in the dry state of 131 tropical (Colombian) species is compiled from this
references; (A.L.S 2010) corresponding to S-07, (Escobar and Rodriguez 1993) corresponding to code
B-37, (Salazar 2010) corresponding to code U-03A, and (Vasquez-Correa and Ramirez-Arango 2005)
corresponding to B-55.

_COMMON NAME _SCIENTIFIC NAME _ REF. (E f . REF. (5 )"
Acacia Acacia magnium I
Aceituno  Humiriastrum colombianum 07 K74
< eilschumiedia sj -07 -07
Aguamiel Terminalia sp. 07 $07
Algarrol Hymenaea courbaril .37 07
Amarillo baboso Nectandra acutifolia 7 U034
Antbure cuero sapo jcania -07 7
Anime incienso Dacryodes canalensis -07
B; Myroxilon balsamum 74 07
Agonandra brasiliensis 7
Andira sp. 7 7
ime 07 7
Carario -07 7
Carbonero icania sp. 7 7
Cargamanto Hieronyma chocoensis -07 07
Aspidosperma dugandii -07 07
e Hieronyma sp. 7 :
- Conceveiba guianense 7 ;
Cedro macho Guarea trichiloides U034 U034
Ceiba tolua Bombacopsis quinata 37 53
" Chachijo Aniba perutiles 7 07
Chaquiro saino Goupia glabra -37 7
imi Pitheceopiurn dulce 07 U034
Chuguaca pantano Hieronyma laxiflora 37 07
Cipres ypressus lusitanica .37 U034
Coco cristal il -07 S-07
Coco manteco Eschweilera pittieri -07 7
Coco mono [ ecythis sp. 7
Xylopia sp. 7
Geneme escobo Casearia silvestris -07.
Guacamayo Piptadenia i 7
nillo 07 y
Guamg rosado s07 7
Cuayabo  Calycophyllum candidissimum U-034 U-03A
Guayabo / Palo prieto Terminalia amazonia 37
" Guayacan hobo Centrolobium paraense 07
Guayacan trebol Platimiscium pinnatum 7 7
arfil rigoniastrum sp. 7
a Carapa guianensis 07
caro Youteria sp. 7
a Mora megistosperma 37 7
Nazareno Peltogyme porpiyrocordia 7
0s0 fumiria balsamifera 07 07
Ping romeron Podocarpus oleifolius 7 7
Pupte/ Candado Minquartia guianensis 37
Punte amarillo Youteria sp. 7 7
Punte cascarillo Lagertroemia sp. 07
Roble flor morado ill)v'lmm rosea 37
; umaneq Saman 37
Sapan Clathrotropis brachypetala 07 -07
Tamarindo Blaljum gutanense 7 7
ki Tectona grandis .37 ¥
Tingui-tingui Mabea bighidilosa 7 7
agua Brasilettia mollis -07 07
0 2 4 6 8 10 12 14
*Code of the reference where was taken the Young modulus value o
**Code of the reference where was taken the permissible bending stress value €

Figure 7. Selection of best 55 (Colombian) species ranked according to the strain at the
value in the dry state.
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The best 55 species shown in the figure 7 are selected on the basis of the criterion C2 established
in section materials and methods for the selection of species, where Acacia (Acacia magnium), Cipres
(Cupressus lusitanica), and Teka (Tectona grandis) are introduced species that must be disregarded.
On the basis of the criterion C3, the following species must be disregarded: Aceituno (Humiriastrum
colombianum), Balsamo (Myroxilon balsamum), Carreto (Aspidosperma dugandii), Cachajo (Aniba
perutiles), Nazareno (Peltogyne porphyrocordia), and Punte / Candado (Minquartia guianensis).

_COMMON NAME
Aceite maria
Achapo
Algarrobo
Almendra
Arracacho
Balata nisperillo
Bonga / Ceiba
Caimito
Camajon
Caracoli aspave
él arra

Ceiba blanca / Ceiba amarilla
Ceiba tolua

Chanul

Chagquiro saino
Chiminango
Chuguaca pantano
Coco mono

Cocuelo blanco
Dinde / Palo mora
Dormilon

Eucalipto

... Fresno cedrillo
Frijolito-Tambor / Frijolito
Guaimaro

Guayabo / Palo prieto
Guayacan hobo

Guino tangare

Hobo colorado / Jobo
. Machare
Maqui / Maqui-maqui
Mazabalo

Mediacaro,

Mora aji

Nato

Pinon de oreja

Punte cascarillo
Punula

Roble flor morado
aman

Sande / Guiamaro
Soroga

Enterolobium cyclocarpum

_SCIENTIFIC NAME
Calophyllum mariae ===

Cedrelinga catenactormis

courbaril

Caryocar glabrum
Clarisia racemosa
Manilkara bidentata
Ceib: 1

ciba
a]’ySth wllim cainito
terculia apetala

Anacardium excelsum

Hubenodendron patinoi
Hura crepitans
Bombacopsis quinata
Sacwg lotis procera

p

. oupia glabra
Pithecellobium dulce
Hieronyma laxiflora

B B-37
| B-44

Gustavia spe

0 - Without information

Chlorophora tinctoria

Pentaclethra macroloba
Eucalyptus globulu
Tapirira gui:

Schizolobium paralya
Brosimum alicastrium

Terminalia amazonia
Centrolob,

/

2,

1 - Difficult to dry
5 ars
-

4 - Easy to dry

Curapa guianensis
S as mombin

Symphonia globulifera
Vataireopsis sp.

Carapa ¢
Pouteria sp.
Clarisia nitida

Mora megistosperma

(I

Lagértroemia sp..

Quararibea asteroley

(ﬁihc‘bula rosea

a samarn

Brosii utile

Vochysia ferruginea

o
=
[N)

4

Figure 8. Ranking comparing capacity to dry naturally per species.

Of the remaining 46 species, a ranking is done also according to their capacity to dry naturally
shown in figure 8, their capacity not to deform during drying shown in figure 9, and natural durability
to bio-hazard shown in figure 10.

Values in figures 8, 9, and figure 10 are taken from the same references than in figure 5, figure 6, and
figure 7 respectively. Also the same color code for each reference is applied.
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_ COMMON NAME
Aceite maria
Achapo

Algarrobo

Almendra
Arracacho

Balata nisperillo
Bonga / Cer

Caimi

Camajon

Caracoli aspave

arra
Cerba blanca / Ceiba amarilla

SR

_ SCIENTIFIC NAME
Calophyllum mariae

C‘L’drc’/fng [ mis.
J;

courbaril

1y
Caryocar glabrum
Clarisia racemosa

Manilkara bidentai

Cerba p
Chrysophyllum cainito

terculia apetala |

Anacardium ¢

Hubenodendron patinor '

Hura crepitans

erba tolua Bombacopsis quinata

“hanul Sac s procera

Chaquiro saino . Goupia glabra
Pithecellobrum dulce

Chuguaca pantano Hieronyma laxiflora
Coco mono Lecythis sp.

Cocuelo blanco
Dinde / Palo mora
Dormilon
Eucalipto
L Fresno cedrillo
Frijolito-Tambor / Frijolito
Guarmaro
Guayabo / Palo prieto
Guayacan hobo
Guino tangare
Hobo colorado / Jobo
A7 W lachare
laqui / Maqui-maqui
7 %/Iaz_a[g/o
Mediacaro,
Mora aji
Nato
Piiion de oreja
Punte cascarillo

()
Roble flor morado
Saman

Sande / Guiamaro
oroga

Gustavia speci

Chlorophora tinctoria
Pentaclethra mac‘rqlo’ba

Eucalyptus gl

Tapirira

Schizolobium parahya |
B][osm_luql_ alicastrim

Centrolobium paraense '
Cur;apjz 151

S | s, g sy g 1

a
Vataireopsis sp. |
Carapa guianensis |

outeria
Clarisia ni

A

Mor:

ma

a
Enterolobium cyclocarpum !

Lagértroemia sp..
Quararibea asterolepsisi
Tabebuia rosea

Samanea saman

7,

Brosimum utile
Vochysia ferruginea

o

1

N

3

4

@ 0 - Without information

@ | - Many odd consequences
2--

|3--

@ 4 - No consequences

Figure 9. Ranking comparing deformations during drying on the basis of qualitative information.

_COMMON NAME _SCIENTIFIC NAME '
Aceite maria alophyllum mariae
Achapo Cedrelr s
Algarrobo Hymenaea courbaril
Almendra Caryocar glabrum
Arracacho Clirisia rac
Balata nisperil Manilkara bidc
Bonga/ Ceiba Ceiba ndi
Caimito [ ‘hrysr:glu’//um cainito
Camajon ereulia apelal e—

Caracoli aspave

Ceiba blanca / Ceiba amarilla
Ceiba tolua

_Chanul

Chaquiro saino
‘himinango

Chuguaca pantano

Coco mono

Cocuelo blanco

Dinde / Palo mora
Dormilon

Eucalipto

o Fresno cedrillo
Frijolito-Tambor / Frijolito
Gudimaro

Guayabo / Palo prieto
Guayacan hobo

Guiino tangare

Hobo colorado / Jobo
Machare

Magqui / Maqui-maqui
Mazabalo

Mediacaro,

Mora aji

Hubenodendron patinor '

| Hura crepitans

is quinata

s procera

_ Goupia glabra
Pithecellobium dulce '

Clarisia nitida

Nato

lora

Piiion de oreja
Punte /

) 7
L‘_ Agertroemia sp.,

Punula

Roble flor morado
Saman

Sande / Guiamaro
oroga

Tabebuia rosea

frequent moisture.

4 - Situation during while wood
is in direct contact to floor or
water, been continuously
exposed to moisture.

®B37
Hieronyma laxiflora D01
. Lecythis sp.
|Gustavia speciosa P 0~ Without information
) tnctoria
leth b. 1 - Situation during while wood
Eucalyptus globulus is under shelter and no exposed
Tapirira gianensis F—— to moisture.
Schizolobium parahya '
Brosimum all 1 2- Situation during while wood
I 7 is under shelter but exposed to
lobium paracnse high and variable moisture.
Curapa, 1
Spondias mombin F=— 3 - Situation during while wood
pho bulr is neither under shelter, neither
SIS SP. in direct contact to floor. It is
Carapa, ¢ under shelter but exposed to
Pouteria sp.
|
i

Amanca Sama
Brosimum uti

Vochysia ferruginea ===

0

1 2

5 - Situation during while wood
is always exposed to salt water.

Figure 10. Ranking comparing natural durability to bio-hazard per species.
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According to this information, the choice is restricted to 15 species, i.e. in order of priority:
Nato (Mora megistosperma)

Casaco (Hyeronima sp.)

Pino romeron (Podocarpus oleifolius)
Saman (Samanea saman)

Achapo (Cedrelinga catenaeformis)

Ceiba tolua (Bombacopsis quinata)

Cocuelo blanco (Gustavia speciosa)
Canabravo (Andira sp.)

9.  Cargamanto (Hieronyma chocoensis)

10. Cedro macho (Guarea trichiloides)

11.  Coco mono (Lecythis sp.)

12.  Guamillo (Swartzia sp.)

13.  Guayabo / Palo prieto (Terminalia amazonia)
14. Roble flor morado (7Tabebuia rosea)

15. Tamarindo (Dialum guianense)

NI R LD =

Therefore, only Podocarpus oleifolius, Guarea trichiloides, Tabebuia rosea, and Dialum guianense
are available on the market. We select Tabebuia rosea, and Dialum guianense in order to complete the
investigation with information taken on the site of bending tests.

Geographic description of four selected species

Based on a geographic criterion, the location of each species per region is shown in Figure 11; the
geographic division is taken as in (I.G.A.C 2011). The location based on a political criterion will be
described in the followings paragraphs.

Roble flor morado (7Tabebuia rosea) characteristics are described in figure 1. With a 540 kg/m?
density (A.L.S 2010) it belongs to group C according to the “Junta del Acuerdo de Cartagena’ ranking
(J.U.N.A.C 1984), meaning that it is a low density species. According to (Nieto et al. 1998) the yield
is 20m*/ha/year, therefore now a day is quite difficult to find these species on the market but in some
years it would be easier because it has been chosen for reforestation.
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2014

Legend

Sande or Guaimaro (B-37)
= (Brosimum utile)

Ceiba (B-37)
(Ceiba pentandra)

(Dialium Guianense)

Roble flor morado  (B-37)
(Tabebuia rosea)

=
— Tamarindo (B-37)
/=
|

Roble flor morado  (D-02)
(Tabebuia rosea)

50 0 50 100 150 (km)

Figure 11. Location per region, the geographic division is taken as in (I.G.A.C 2011).

Bonga or Ceiba (Ceiba pentandra) is also known as Fromager according to (Lopez et al. 2010). With
a210 kg/m? density (Véasquez-Correa and Ramirez-Arango 2005), it belongs also to group C. The tree has
a medium high of 20 m, a medium diameter of 2 m, and the tree trunk is straight and irregular (Escobar
and Rodriguez 1993). The sapwood is white and the heartwood is hard to identify because it gradually
turns to light yellow. According to (Lopez et al. 2010), it is located at the canyon of Magdalena’s river,
Cauca’s river, and Zulia’s river and the regions of: Uraba, and Llanos Orientales. The annual increment
is lcm/year (Obregon-Sanchez 2005).

Sande or Guaimaro (Brosimum utile) has a density of 420 kg/m? as in (Lastra-Rivera 1987), it also
belongs to group C. The tree has a medium high of 35 m, a medium diameter of 1,5 m, and the tree trunk
is cylindrical and straight (Escobar and Rodriguez 1993). The sapwood is light pink and the heartwood
is light brown. Latex can be extracted from the tree for rubber production applications, as in (Lopez
et al. 2010). According to (Escobar and Rodriguez 1993), it is located at the departments of: Choco,
Magdalena, Amazonas, and Putumayo, and regions of: Uraba, Tumaco, Puerto Libano and Bajo Calima.
According to (Lopez et al. 2010) it is also located at the departments of: Caqueta, Guaviare, Guainia,
Putumayo, and Vaupes.

Tamarindo (Dialum guianense) is also known as Oxwood Maracaibo, Venezuelan Boxwood, West
Aian or Aian Boxwood according to (Proexport 1980). With a 880 kg/m? density (A.L.S 2010), it belongs
to group A, meaning that it is considered as a high density species. The tree has a medium high of 35
m, a medium diameter of 0,8 m, and the tree trunk is straight with small irregularities (Escobar and
Rodriguez 1993). The sapwood is light yellow and the heartwood is easy to identify because it is from
red brown to dark brown. According to (Escobar and Rodriguez 1993), it is located at the departments
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of: Bolivar, Vaupes, and Antioquia. More precisely, at the regions of: Carare-opon, Puerto Wilches,
Cimitarra, Barrancabermeja, Palotal, Ayapel, Urab4, Caucasia, San Luis and San Francisco. It is also
located at the peaks of: Macarena, and San Lucas. Furthermore it is located at canyons of rivers Acacias,
and Apaporis.

Measured characteristics of the selected species

The number of specimen to test is 9 or more per species in the dry state and 12 or more per species
in the saturated state. The number of trees per test depends on the availability of species on the market.
Specimens of Sande or Guaimaro (Brosimum utile) are taken from 2 different trees, specimens of Ceiba
(Ceiba pentandra) are taken from 8 different trees, specimens of Tamarindo (Dialum guianense) are taken
from the same tree, and specimens of Roble flor morado (7abebuia rosea) are taken from 7 different trees.

In Figure 12 are shown the test assembly and some of the specimens of the species to test.

Figure 12. a. Static bending test assembly showing load application and specimen support.
b. Brosimum utile specimens.

In Table 2 are shown mechanical characteristics that we present (giving U-04 as reference code)
based on bending test results taken on site.

Table 2. Mechanical characteristics based on bending test results.

E %o gy,
oK) . ¥ _
e % _ Young Bending € %o
Young | Bending | Z9%e .
. Common . modulus. stress. Strain.
Scientific name modulus.| stress. Strain.
name Saturated | Saturated | Saturated
Dry state| Dry state |Dry state
(MPa) (MPa) state state state
(MPa) (MPa)
Brosimum utile| 59T | g9 90,55 | 0,102 | 1038 792 0,131
Guaimaro
— Bonzaiony BNSIes 5224 | 0,108 6,32 452 0,139
pentandra Ceiba
Diatum | o arindo | 1425 | 13286 | 0107 | 1693 114,73 0,147
guianense
Tabehuraroseall - 2 W7cH 83,64 | 0,093 8,73 83 47 0,104
morado
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DISCUSSION

What the result mean

It is important to do the comparison in terms of the fictitious strain value £ described in section
materials and methods for the selection of species. Lower values correspond to species with a water
gravimetric content more suitable for bowing applications.

First we conclude, between strains £ in the dry state to the strains £ in the saturated state, the first
one is always smaller. Consequently, these species are more suitable for bowing in the dry state than in
the saturated state. Results shown do not confirm the hypothesis. It can be explained because green wood
is different from wet or saturated wood. Even if the gravimetric water content in both cases is equivalent,
green wood differs because it is freshly sawn wood and saturated wood can be old. According to (Ishimaru
et al. 2001), it is known that wood conditioned from a dry state has higher elasticity and strength than
wood conditioned from a water-saturated state with equal gravimetric water content. It means that some
mechanical properties vary not only because of modifications of the gravimetric water content but also
because of modifications of the cellulose chain during the adsorption and the desorption process.

Furthermore according to (McMillen et al. 1958), wood is mainly subjected to a tension stress during
drying. Hence, comparing wood in the green state to wood in the saturated state, the first one is usually
more resistant because tension stress is partly counter balancing the compression stress due to bending.

Second we conclude, with those wood species, a shaft 30 cm thick can be bow in the dry state to
reach a curvature radius of 14 to 16,2 m applying the equation (2) presented in section materials and
methods for the selection of species, demonstrating the viability of the idea of using this species to build
arches. Nevertheless, we recommend to do experiments with wood in the green state making sure wood
is not in a saturated state to verify if these species are more suitable for bowing in the green state than
in the dry state.

In order to verify the deviation of information taken from different references it is more representative
to take information on timber in the dry state because there is little information on timber in the green state.

References in Figure 13 and in Figure 14 are described on the section materials and methods for the

selection of species, except U-03A and U-03B, that refers to Salazar 2010. On the same reference two
values are published for the same species.
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Figure 13. Permissible stress based on bending tests in the dry state.
Bending stress results of most species shown in Figure 13 are in good agreement with each other.
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Figure 14. Young modulus per thousand based on bending tests in the dry state.

Young modulus’s results with regard to Sande or Guaimaro (Brosimum utile), Ceiba or Bonga (Ceiba
pentandra), and Tamarindo (Dialum guianense) shown in Figure 14 are in good agreement with each
other, while values regarding Roble flor morado (Tabebuia rosea) differ considerably between each
other. To conclude we reconfirm that the species most suitable for bowing applications is Roble flor
morado (Tabebuia rosea).

How the results can be applied
Results concerning the selection of species are useful in terms of the recommendation of species
that should be considered for reforestation in Colombia.
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Results concerning measured characteristics of the selected species may encourage laboratories in
developing countries to make mechanical tests of some rare species with very few information published.

CONCLUSIONS

In the section selecting a group of species based on mechanical data of timber in the green state 19
species most suitable for bowing are selected. In section selecting a group of species based on mechanical
data of timber in the dry state 15 species most suitable for bowing are selected. Merging these lists there
are 34 species in total from which 4 species are selected in order to complete the investigation with
information taken on site.

To conclude, with those wood species, a shaft 30 cm thick can be bow in the dry state to reach a
curvature radius of 14 to 16,2 m, showing the viability of the idea of using this species for bowing
applications. We also recommend the other 30 species for bowed timber applications but verification
tests are required due to important differences of mechanical information published.

We consider more work should be done in particular regarding the compilation of information into
the existing database. The more information the database has the more precise results are.

This paper can help users of wood when a methodology to select of a group of species is required,
even for a different application. As well it can be useful to many laboratories in developing countries
where research and testing facilities are limited.
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