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Abstract

Martinez Eraso, Diego Paul; Ghavami, Khosrow (Advisor). Physical and
Mechanical Properties of Peach palm (Bactris gasipaes kunth) as a
Structural Composite Material. Rio de Janeiro, 2013. 75p. Msc.
Dissertation - Departamento de Engenharia Civil, Pontificia Universidade
Catélica do Rio de Janeiro.

To develop sustainable and structural materials, traditional construction
techniques are evaluated in terms of engineering standards and methods of
equivalent design are improved to optimize structural performance. However, the
use of natural materials is limited by cultural traditions with little or no
standardization, one example is the diversity of palms in the Latin American
tropics, material of indigenous constructions and others uses. Therefore, this
work presents results of “micro-structure”, “meso-structure” and “macro-structure”
for two ages of palm stem Bactris gasipaes Kunth groups commonly known as
"Peach Palm or Pupunha". Optical microscopy was performed for the micro
structural analysis. Digital Image Processing was used to characterize the
macrostructure, the variation of fiber volume fraction and the representative
volume element (RVE). Furthermore, experimental research was carried out to
determine basic physical properties (moisture and specific gravity) and
mechanical properties to tension, flexion and torsion, generating as results the
maximum tensile Strength (TS), the tensile modulus of elasticity (TMOE),
bending modulus of elasticity (BMOE) and Modulus of Rigidity (MOR).

Keywords
Bactris gasipaes Kunth; Natural composite material; Structural Composite
Material; Non-Conventional materials and technologies.


DBD
PUC-Rio - Certificação Digital Nº 1012296/CA


PUC-RIo - Certificacdo Digital N° 1012296/CA

Resumo

Martinez Eraso, Diego Paul; Ghavami, Khosrow. Propriedades fisicas e
mecéanicas da pupunha (Bactris Gasipae Kunth) como material
estrutural composto. Rio de Janeiro, 2013. 75p. Dissertacdo de Mestrado
- Departamento de Engenharia Civil, Pontificia Universidade Catolica do
Rio de Janeiro.

Para desenvolver materiais sustentaveis e estruturais, as técnicas de
construgdo tradicionais sdo avaliadas em termos de normas técnicas de
engenharia e os métodos de construcdo equivalentes sdo melhorados para
aperfeicoar o desempenho estrutural. No entanto, o uso de materiais naturais é
limitado pelas tradi¢des culturais com pouca ou nenhuma padronizagdo, um
exemplo é a diversidade de palmeiras nos tropicos latino-americanos, material
para construgdes indigenas e outros usos. Portanto, este trabalho apresenta
resultados da “micro-estrutura”, “meso- estrutura" e "macro-estrutura” para duas
idades de troncos de palma Bactris gasipaes Kunth comumente conhecida como
"Pupunha". A microscopia optica digital foi usada para a analise micro-estrutural,
e para caracterizar a macroestrutura foi utilizado o processamento digital de
imagens encontrando-se a variagao da fraccao de volume de fibras e o elemento
de volume representativo (RVE). Além disso, foi realizada uma analise
experimental para determinar as propriedades fisicas basicas (umidade e
gravidade especifica) e as propriedades mecanicas a tensao, flexao e torgao,
gerando como resultado a forgca maxima de tracdo (TS), o mddulo de
elasticidade de tracdo (TMO), o médulo de elasticidade de flexdao (BMOE) e o
médulo de rigidez (MOR).

Palavras-chave
Bactris gasipaes Kunth; Materiais Compositos Naturais; Tecnologias Nao-

Convencionais.


DBD
PUC-Rio - Certificação Digital Nº 1012296/CA


PUC-RIo - Certificacdo Digital N° 1012296/CA

Contents

1 Introduction
1.1. Objectives and Contents

2 Literature review

2.1. Origin, domestication and distribution

2.2. Taxonomy

2.3. Morphological description

2.3.1. Roots

2.3.2. Stem

2.3.3. Leaves

2.3.4. Flowers and Fruit

2.3.5. Cultivation and management

2.4. General uses

2.5. Anatomy of palm stem — Anatomic Structure.
2.6. Bamboo and peach palms: functionally graded composite material
2.7. Peach Palm as structural material.

3 Materials and methods

3.1. Origin of material, handling and processing
3.2. Micro-structural methods

3.2.1. Machine, Equipment and Procedure

3.3. Meso-structural methods

3.3.1. Machines and equipment

3.3.2. Fiber volume fraction (Vi) measurements
3.4. Macro-structural methods

3.4.1. Test method for direct moisture Content (MC)
3.4.1.1. Machines and equipment

3.4.1.2. Procedure

3.4.1.3. Calculation

3.4.2. Test method for Specific Gravity (SG)
3.4.2.1. Machines and equipment

3.4.2.2. Procedure

14
15

17
18
20
21
21
22
23
23
25
26
29
30
31

33
33
35
35
36
37
38
38
39
39
40
40
41
41
41


DBD
PUC-Rio - Certificação Digital Nº 1012296/CA


PUC-RIo - Certificacdo Digital N° 1012296/CA

3.4.2.3. Calculation

3.4.3. Tensile Properties test.

3.4.3.1. Machines and equipment
3.4.3.2. Assembly and Test conditions
3.4.3.3. Calculations

3.4.3.4. Statistical Analysis

3.4.4. Bending and torsion properties
3.4.4.1. Experimental approach
3.4.4.2. Machines and equipment
3.4.4.3. Assembly and Test conditions
3.4.4.4. Calculations and Theory of operation of the cantilever beam test

apparatus

4 Results and discussion

4.1. Micro-structural description

4.2. Meso-structural description

4.2.1. Fiber volume fraction (Vi) measurements
4.2.2. Representative volume element (RVE)
4.3. Macro-structural description

4.3.1. Direct Moisture Content

4.3.2. Specific Gravity (SG)

4.3.3. Tensile Properties

4.3.4. Tensile Strength (TS)

4.3.5. Tensile Modulus of elasticity (TMOE)
4.3.6. Tensile Failure

4.3.7. Bending and torsion properties

4.3.8. Bending modulus of elasticity (BMOE)
4.3.9. Shear Modulus or Modulus of Rigidity (MOR)

5 Conclusion and Recommendation

6 Bibliography

42
43
43
44
45
46
46
46
46
47

48

52
52
53
55
57
58
58
59
60
60
62
65
66
67
68

71

73


DBD
PUC-Rio - Certificação Digital Nº 1012296/CA


PUC-RIo - Certificacdo Digital N° 1012296/CA

List of figures

Figure 2.1. Peach Palm. 17
Figure 2.2 Palms and indigenous communities. 18
Figure 2.3. Origin, domestication and distribution. 20
Figure 2.4. Map of principal vernacular names. 21
Figure 2.5. Morphological description. 22
Figure 2.6. Morphological description. a) Peach Palm roots, b) Peach Palm Stem,
c) Peach Palm Spines. 22
Figure 2.7. Peach Palm Leaves. 23
Figure 2.8. a) Flowers and fruit, b) Fruit. 24
Figure 2.9. Fruit and food. 26
Figure 2.10. Peach palm trunk for a) Musical Instruments, b) Furniture. 27
Figure 2.11. Peach Palm House in Colombia. 27
Figure 2.12. Indigenous House, roof built with peach palm leaves. 28
Figure 2.13. Heart palm of young peach palm. 28

Figure 2.14. a) Schematic of the cross-section of a palm tree, a fiber composite
with a radially varying volume fraction of fibres producing a radial modulus
gradient. (b) Schematic representation of the distribution of the stem tissue
modulus within a young palm stem (left) and an old palm stem (right) (after Rich,

1987b and West, 2011). 29
Figure 2.15. A material property chart for natural materials, plotting Young’s
modulus against density. (M.F. Asby, et al (2004)). 32
Figure 3.1. Peach Palm cut In situ. 34

Figure 3.2. Cutting and preparing the “peach palm”, to fibre-matrix
characterization and physical characterization. 34
Figure 3.3. Cutting and preparing the “peach palm” for mechanical
characterization. 35
Figure 3.4. Optical microscope (OM) Zeiss Axioplan coupled with Digital Camera
Zeiss AxioCam HR. 36
Figure 3.5. Polishing specimens surface in a sander belt. 36
Figure 3.6. Imaging procedure of the meso-structure of peach palm through
images obtained by scanner. 37
Figure 3.7. Conventional scanner HP3230 used and Peach Palm image of


DBD
PUC-Rio - Certificação Digital Nº 1012296/CA


PUC-RIo - Certificacdo Digital N° 1012296/CA

specimen obtained. 37
Figure 3.8. Representative Volume Element (RVE) or unit cell in 3d solid. 38
Figure 3.9. Placing samples for oven drying. 40
Figure 3.10. Schematic of specimen for tensile tests on composite materials

according to ASTM D3039 and ISO314. 44
Figure 3.11. Tensile Test Machine and Assembly. 45
Figure 3.12. Bending and torsion test machine and Assembly. 47

Figure 3.13. a. Bending of a cantilever beam with a rectangular section when a
concentrated load is applied. b. Elastic cantilever beam. 48
Figure 3.14. Torsion to prismatic bar. 50
Figure 3.15. Points of maximum shear stress in square and rectangular cross
sections, with uniform torsion. 51
Figure 4.1. Transverse sections depicting developmental changes of stem tissue
at breast height for peach palm. 1. Peripheral stem tissue. 2. Central stem
tissue. Ground tissue (G) consists of parenchyma cells with lacunae (L) forming
in the central ground tissue. Vascular bundles consist of the xylem (X), phloem

(P), and bundle sheath (B). 52
Figure 4.2. Image obtained by: (a) Optical Microscope (b) Conventional Scanner.

53
Figure 4.3. Background correction — Low pass filter. 54
Figure 4.4. Histogram for Threshold tools. 55
Figure 4.5. Segmentation image for division and calculating the area fiber and
matrix. 55
Figure 4.6. Polynomial regression curves. 56
Figure 4.7. Peach Palm representative volume element (RVE) or unit cell. 57

Figure 4.8. Longitudinal section of the peach palms stem. According to fiber

density. 57
Figure 4.9. Direct Moisture Content for 2 ages of peach palm. 58
Figure 4.10. Specific gravity (SG) for 2 ages of peach palm. 59
Figure 4.11. Servo hydraulic - universal machine INSTRON for tension test. 60
Figure 4.12. Final Result Specimens for ISO314 tension test. 61
Figure 4.13. Final Result Specimens for ASTM3039D tension test. 61
Figure 4.14. Peach Palm stress vs. strain curves. 62
Figure 4.15. Probability graphs most used for tensile strength. 63
Figure 4.16. Probability graphs most used for modulus of elasticity. 63

Figure 4.17. Peach Palm error code to tensile test. 66


DBD
PUC-Rio - Certificação Digital Nº 1012296/CA


PUC-RIo - Certificacdo Digital N° 1012296/CA

Figure 4.18. Test Machine for Bending and Torsion. Bio-materials Laboratory —
Universidad del Valle — Cali, Colombia. 67
Figure 4.19. Cantilever test where the arrow d is obtained, along with the value of
the applied load. 68
Figure 4.20. Torsion test. 68


DBD
PUC-Rio - Certificação Digital Nº 1012296/CA


PUC-RIo - Certificacdo Digital N° 1012296/CA

List of tables

Table 2.1. Ecology and cultivate. 25
Table 3.1. Material Characterization. 33
Table 3.2. Expressions of values the maximum shear stress and rotation angle
per unit length. 51
Table 3.3. Coefficient values (alpha and beta) depending on the ratio between
the width (a) and thickness (b) of the rectangular section, used in expressions

(Tau max and theta). 51
Table 4.1. Peach Palm Direct Moisture Content. 58
Table 4.2. Peach Palm Specific gravity (SG) 60

Table 4.3. Probability distribution for Maximum Tensile Stress (age: 6 years). 64
Table 4.4. Probability distribution for Maximum Tensile Stress. (age: 20 years) 64

Table 4.5. Probability distribution for Elastic Modulus (age: 6 years). 64
Table 4.6. Probability distribution for Elastic Modulus (age: 20 years). 65
Table 4.7. Finally results. 65
Table 4.8. Results of flexural elasticity modulus in cantilever Test. 68

Table 4.9. Results the shear modulus or modulus of rigidity in Torsion Test. 69
Table 4.10. Modulus of rigidity for bamboo and Palms. 69
Table 4.11. Optimal age for structural use. 70


DBD
PUC-Rio - Certificação Digital Nº 1012296/CA




