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ABSTRACT
This report presents the results of a series of tests performed on Coconut wood cocos nucifera. 

Material tests were done to determine ultimate stresses and modulus of elasticity. Experimental results 
are compared to conventional wood material ie. Douglass fir. The purpose of this testing is to provide 
an alternative to the status quo of strictly using Douglass fir for construction of wood structures in 
Hawaii. The motivation for doing this study is both economic and ecological. Using species that could 
be grown nearer to the location of their use makes sense especially in light of raising costs of fuel for 
transportation. In time, this practice could also prove to be a boon to the local economy. The ecological 
aspect is not only limited to providing a means of local production of building material. Many of the 
species we studied are trees grown in plantations to produce some other product, in current practice the 
material we are testing would be waste. Using this wood for structural purposes would create a more 
sustainable source of building materials that would benefit the generations to come. The conclusions of 
this study are that coconut wood is indeed a promising structural material. A safe allowable bending 
stress of 2230 psi is determined based on our testing. The best indicator of strength is modulus of 
elasticity, this can be used for establishing grading rules. Coconut logs are also shown to have 
significant compression capacity indicating suitability for use as posts.
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1 Background

1.1 Introduction
Home manufacturing has historically been a wood based industry. At the beginning of the 20th 

century old growth lumber was commonly used in the United States. As resources diminished, first in 
the East then in the West, the use of managed forests became essential by the early 20th century. Wood 
species typically used in wood frame construction are shown in Table 1.1. As the table shows, in the 
early 1900s many local species were used, but in the later part of the century the species selection is 
more limited (H.U.D. 2001). This is due to the advent of big business in the timber industry and the 
improvement of transportation and distribution networks. These few species in use today have 
historically been the only woods accepted for structural use by government building officials in 
Hawaii. However, there are alternatives to this standard that offer some compelling advantages.  

Table 1.1: Typical Framing Species by Time Period
Early 1900s Late 1900s

Red Cypress
Redwood
Douglas Fir-coastal
Douglas Fir-inland
Pacific Coast Hemlock
Western Larch
Eastern Hemlock
Eastern Spruce
California White Pine
White Pine (Northern, Idaho, and Sugar)*
Norway Pine
Port Orford Cedar
White Fir
Tamarack
Long Leaf Southern Pine
Short Leaf Southern Pine
North Carolina Pine
Arkansas Soft Pine
Southern Yellow Pine

Douglas Fir
Hem-Fir
Southern Yellow Pine
Spruce-Pine-Fir

*White Pine is mentioned as the most common framing lumber

 
In many developing countries people are facing the same situation as early Americans; there are 

abundant forests and the timber trade has become a major economic sector. Because of weak 
governments and a strong demand for timber there are reports of widespread illegal logging operations 
(Lawrence et al. 2003). Old growth forests are being clearcut, not managed. The great demand for hard 
woods created by the industrialized nations accelerates the process. The ills of deforestation by 
clearcutting have been long established,. Much work is necessary to aid these countries in developing 
managed renewable timber supplies. Creating markets for plantation timbers, such as coconut and 
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rubberwood can hopefully improve the situation.

These ecological concerns, among others spawned the United States Green Building Council 
and its LEED (Leadership in Energy and Environmental Design) Green Building Rating System®. This 
standard is a voluntary, consensus-based national standard for developing high-performance, 
sustainable buildings (USGBC 2006). LEED provides a complete framework for assessing building 
performance and meeting sustainability goals. Based on well-founded scientific standards, LEED 
emphasizes state of the art strategies for sustainable site development, water savings, energy efficiency, 
materials selection and indoor environmental quality. LEED recognizes achievements and promotes 
expertise in green building.

The LEED standard has provisions for using wood in construction. The Forest Stewardship 
Council (FSC) certifies lumber materials. This certification is required for tropical hardwoods used in 
LEED construction. There are 10 principles and 57 criteria that address legal issues, indigenous rights, 
labor rights, multiple benefits, and environmental impacts surrounding forest management that make up 
the FSC certification (FSC 2006). There is criticism of the LEED standard for favoring other materials 
over wood too much. For example, no credits are given for wood products produced by companies 
independently third-party certified to the Sustainable Forestry Initiative® (SFI) Program standard or 
the American Tree Farm System® – the two largest sustainable forest management systems in the U.S 
(AF&PA 2006). There is an alternative to the LEED building standards that is accepted in some places.

Green Globes is an alternative to the LEED certification of buildings, created by the Green 
Building Initiative (GBI). Projects are rated on a 100% scale and their scores are determined by on-line 
questionnaires and building inspections for the higher ratings. The Green Globes system was 
introduced in the United States in 2004. It was adapted from a Canadian protocol of the same name. 
Green Globes is one of only two green building rating systems recommended by the Canadian 
government. The GBI also sought and received accreditation as a standards developer by the American 
National Standards Institute (ANSI), and has begun the process to establish Green Globes as an official 
ANSI standard. The ANSI process is consensus-based and will involve further development of the 
system through a multi-stakeholder technical review.

Because the LEED standard and the Green Globes system have the same ultimate goals, there 
are more similarities than differences in the standards. I quote the GBI website (GBI 2006) on the 
differences:

However, the Green Globes system does have a number of distinct attributes. Too often, 
designers make their projects green by adding expensive technologies after many of the 
important decisions are made. This is costly as well as ineffective. In addition to being 
easy to use and affordable, Green Globes encourages designers to consider the elements 
of green design and sustainability early in the project. Because it generates a report 
written in plain language, Green Globes also promotes interaction between the building 
designers and client. Among its other attributes, it introduces users to the idea of 
incorporating Life Cycle Assessment into the decision making process for resource and 
material selection, encourages the use of EPA's EnergyStar Target Finder for 
developing building energy benchmarks, and gives points for using an integrated design 
process, addressing acoustical comfort, minimizing opportunities for pest intrusion, and 
reducing emissions and effluents.
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Wood grown in controlled forestry and especially plantations is desirable because it is a more 
ecologically friendly alternative than other means of producing timber. No old growth forests are 
destroyed in the procurement of the material and the process is sustainable. This limits uncertainty in 
the wood supply, which could help stabilize prices. Other considerations relating to the ecological 
benefits of controlled forestry are the positive benefits in terms of carbon sequestration, air quality, 
climate moderation, soil conservation, and ecosystem preservation.

Points toward LEED certification are credited for using construction materials produced within 
a 500 mile radius of the project. This is therefore an incentive to using locally produced timber. The 
possibility of local wood production is also desirable from an economic standpoint. Diversified 
agriculture is a feasible industry in Hawai‘i. Forestry projects are already underway on the Big Island 
of Hawai‘i. This is valuable for our state because our reliance on the 'tourism industry' is subject to the 
fickle nature of the international traveler. Agriculture produces something tangible that should hold 
value better regardless of economic trends.

Coconut wood (cocos nucifera aka. Tangaloa) falls under a 
different biological classification than most other timbers 
(excluding bamboo). Coconut is a monocotyledon (monocot) in 
the same family as grasses. Other common timber species are 
dicotyledons (dicot). This fact has important implications for the 
timber's basic structure. Because it is a monocot, there is no 
distinction between sapwood and heartwood, the vascular bundles 
are distributed throughout the cellulose structure and continuous 
and contiguous throughout the length of the tree. The tree does 
not form branches, so it is naturally free of knots, thus knots do 
not become a factor in establishing grades for coconut timber. 
Density is perhaps the single most important parameter to use 
when establishing grades of coconut timber as it correlates to 
many structural properties including bending strength and 
connection capacity.  Monocot timber has cross-sectional 
properties that are opposite of dicot timbers. In coconut and 
bamboo, the hardest material is on the outer perimeter and gets 
progressively less dense towards the center, see Figure 1.2. 
Structural coconut timbers are milled to take advantage of the 

hard outer section of the stem. However, even the relatively soft parts of a coconut log are hard in 
comparison to the American softwoods in common use for home framing. Coconut trees are harvested 
for timber only after they have lived out their lives and are no longer useful for producing coconuts 
(approximately 50 years). At this stage in a coconut tree's life the fiber content is highest and the fibers 
are at their strongest. Although inappropriate because the resource is a monocotyledonous plant, the 
term “coconut wood” has been established for the material cut from the stem. 
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Figure 1.1: Coconut plantation 
c.1888



The anatomical properties of palm stems in general result in an inhomogeneous raw material. Density 
and all related mechanical properties decrease considerably towards the stem center and over stem 
height (Richolson, Swarup 1977; Killmann 1983). Other characteristics include high contents of fine 
parenchymatous material and silica as well as high moisture content. Due to its properties, coconut 
wood is difficult to process with conventional tools (Killmann and Fink 1996). Since the material is 
also very inhomogeneous, the sawn timber is suggested to be graded according to its position in the 
stem which reflects properties and, subsequently, end-use. The lack of natural durability makes its use 
in untreated form problematic, when exposed to weather conditions. 

This report presents details and results of an experimental study on coconut wood conducted in 
the Materials Testing Laboratory of the University of Hawaii. The study was performed to aid various 
local home builders in the development of alternatives to the status quo in timber construction. To this 
end, we have performed various tests on the structural properties of coconut wood. Trends in strength 
were sought with the aim of establishing a grading standard that could ensure a minimum strength to 
use when designing with the material.

1.2 Objective of Study

The specific objectives of this study are to:

1. Investigate load-deflection response of coconut wood beam specimens of various sizes,

2. Investigate the axial load capacity of coconut wood posts,

3. Establish the ultimate and service capacity of coconut wood in flexure and axial load, and

4. Establish grading rules for coconut wood

4

Figure 1.2: Cross section of freshly 
harvested coconut stem



1.3 Scope

This study began with a review of available literature and test results for coconut wood. 
Procedures to obtain building code approval for new wood species were investigated. The current code 
for wood design was also reviewed.

The experimental component of this study involved flexural testing on both full scale specimens 
as well as small clear-grained specimens per ASTM standards D-198 and D-143 respectively. For the 
ASTM D-143 specimens, density was determined by weight and volume measurements, and moisture 
content was determined by drying.  Additional flexural tests not found in the ASTM standards were 
also performed to simulate as-built conditions. Compression tests were performed on 8” diameter 
coconut wood posts to determine the compressive stress at failure.

1.4 Outline

The organization of this report is as follows:

● Chapter two provides an overview of the current literature on coconut wood testing

● Chapter three covers test descriptions.

● Chapter four provides test results and discussion.

● Chapter five is the summary and conclusions.
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2 Literature Review

2.1 Overview

Very little research has been done in the United States to assess the viability of tropically grown 
timber for building construction, however there is international test data available as well as some data 
from importers of these woods.

2.2 University of Indonesia civil engineering materials laboratory

The testing done here was commissioned by the supporter of this study, Bruce Douglas, using wood of 
the same origin as used in this study. The purpose was to investigate the effects of various treatments 
on coconut wood and to establish some mechanical properties. Wood was tested in 3 conditions: 
uncured, borate treated and kiln dried, and just kiln dried. This investigation concludes that  removing 
moisture from coconut wood does increase strength. The Borate treated coconut wood specimens 
showed an improvement in strength over the kiln dried specimens. The cause of this is unknown at this 
time.

2.3 Information from coconut wood importers

Typically Janka hardness information is reported with some other mechanical properties (Tangaloa 
2006). Information from these sources is not accompanied by any specific information about test 
conditions or curing of the wood tested. Numbers reported by these types of sources show no 
significant disagreements with our results.

2.4 U.N. Food and Agricultural Organization: Coconut Wood Processing and Use

This publication describes processing procedures for preparing and curing coconut timber. This is a 
valuable resource for the production of coconut wood timber. There are other publications by the UN 
FAO assessing the quantities of timber available in various countries and the economics of coconut 
production.

2.5 Journal papers

In the 1970's and early 1980's there are a few research papers on the topic of coconut wood utilization. 
Various aspects of the properties of coconut wood have been investigated including energy content 
(Dhamodaran et al 1989), chemical composition, physical properties with relation to various 
parameters such as age, what part of the stem is tested (Richolson, Swarup 1977; Killmann 1983), 
disease (Gnanaharan et al 1986; Gnanaharan, Dhamodaran 1989), etc. It is important for 
standardization that large amounts of specimens are tested to asses the statistical variability of the 
wood's properties as well as to see other factors that may affect usability of the material.
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3 Experimental Program

3.1 Introduction

Bending and compression tests were performed on both full sized specimens as well as 2” 
standard ASTM D143 specimens in simple bending.Table 3.1 presents the types of tests performed, 
quantity of specimens tested, dimensions, and data that was recorded.
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Table 3.1: Summary of testing

 

Quantity Cross section Length Loading Recorded data
38 Compression

1 Four point bending

1 Four point bending

1 Four point bending

2 Four point bending

2 Four point bending

3 Four point bending (plank)

1 Four point bending

22 Three point bending

8” round         
(203 mm)

11”        
(279 mm)

Failure Stress
Moisture content 
density
Schmidt hammer

8” round         
(203 mm)

120”     
(2048 mm)

Failure load
Deflection
Density

8” round         
(203 mm)

90”       
(2286 mm)

Failure load
Deflection
Density

8” round         
(203 mm)

78”       
(1981 mm)

Failure load
Deflection
Density

2”x4” rectangular 
(50x102 mm)

72”       
(1829 mm)

Failure load
Deflection
Density

2”x6” rectangular 
(50x152 mm)

72”       
(1829 mm)

Failure load
Deflection
Density

2”x6” rectangular 
(50x152 mm)

72”       
(1829 mm)

Failure load
Deflection
Density

2”x7” rectangular 
(50x178 mm)

72”       
(1829 mm)

Failure load
Deflection
Density

2”x2” square  
(50x50 mm)

30”        
(762 mm)

Failure load
Deflection
moisture content
Density



3.2 Compression tests

Full size specimens, modeling coconut logs as posts with dimension of about 8” (203.2 mm) in 
diameter were tested in compression parallel to the grain on short column sections approximately 11in 
(279.4 mm) long. Figures 3.1 and 3.2 show the test specimens and test frame used for the compression 
testing. Maximum load, moisture content, density, and Schmidt hammer results were recorded on these 
specimens, as described below. The results of the compression tests are presented in section 4.2.

3.2.1 Test Setup

The compression tests were performed in the 500,000 lb (2224 KN) capacity soil test 
compression frame shown in Figure 3.2. Load was applied via steel plates at each end of the specimen. 
No end treatment or capping compound was applied to the cut ends of the specimen. Load was applied 
at a constant rate of 2500 lb/second (11 KN/second)

3.2.2 Moisture content

A 1 inch (25.4 mm) thick by 8 inch (203.2 mm) diameter disk was cut from each test specimen. 
The wet weight of the disk was measured to .01 gram accuracy. The disk was then oven dried at 230°F 
(110°C) for 24 hours before re-weighing to determine the moisture content. The resulting values are 
listed in Table 4.1.

3.2.3 Density Tests

Water displacement was used to determine the volume of the 1” x 8” diameter (25.4 x 203.2 
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Figure 3.1: Coconut wood compression specimens Figure 3.2: Compression testing



mm diameter) disks used for moisture content measurements. The resulting wet and dry density values 
are listed in Table 4.1.

3.2.4 Schmidt hammer tests

For concrete, there exists a correlation between surface density and material strength. The 
surface density is measured with an instrument called a Schmidt hammer, as seen in the figures below. 
Most short column compression specimens were tested in various locations; details of the Schmidt 
hammer tests can be seen diagrammatically in Figure 3.3, and pictorally in Figure 3.4, and Figure 3.5.

Correlations were sought between Schmidt hammer readings and compressive capacity of the 
short coconut pillar specimens. The results of the Schmidt hammer testing are found in Table 4.1.
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Figure 3.4: Schmidt hammer test on end edge Figure 3.5: Schmidt hammer test on side middle

Figure 3.3: Schmidt hammer reading locations: 
end middle = E
end edge = average( A, B, C, D )
side middle = average( F, G, H, I )

D

A

CBG

F

I

H

E



3.3 Coconut log beams

In addition to the compression of short log specimens, longer logs were tested as beams. These 
tests were done in 4 point bending. Density, displacement, and load were recorded. The test setup can 
be seen in Figure 3.9. Span details are included in Table 3.2. Diagrams of the three specimen's testing 
arrangements are found in Figure 3.6, Figure 3.7, and Figure 3.8.
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Table 3.2: Full scale log beam spans

8” (203 mm) round cross section
Specimen Mark Full Span Shear Span

in (mm) in (mm)
120 (2048) 45 (1143)
90  (2286) 30   (762)
78  (1981) 24   (610)

bm 1 log 6
bm 2 log 3
bm 3 log 2
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Figure 3.6: Diagram of bm 1 log 6 testing arrangement

Figure 3.7: Diagram of bm 2 log 3 testing arrangement

Figure 3.8: Diagram of bm 3 log 2 testing arrangement



The results of the full scale log bending tests are presented in section 4.3.

3.4 Rectangular sawn lumber

Rectangular sawn lumber of various dimensions were tested in 4 point bending. Tests were 
conducted  similar to ASTM D-198 specification, but the ASTM standard was not followed strictly. 
The load rate may have differed from the standard. Some data, such as moisture content, density, and 
environmental conditions such as temperature and humidity were not recorded. A summary of the tests 
performed is given in Table 3.3. Some of the beams were tested as planks as shown in the table.
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Figure 3.9: Coconut log bending test setup



All of the tests of  rectangular sawn lumber were done under the same loading arrangement. The test 
arrangement for all the specimens in Table 3.3 is shown diagrammatically in Figure 3.10, and 
pictorially in Figure 3.11.
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Table 3.3: Full scale rectangular cross section beam testing arrangements
Rectangular Cross Section

Specimen Mark Base Height Full Span Shear Span Notes
In (mm) In (mm) In (mm) In (mm)

Plank test with core side down

Plank test with core side down

Plank test with core side up

5x10 bm 1
      2        

(50)
3 15/16 
(100)

   72     
(1829)

       24         
(610)

5x10 bm 2
      2        

(50)
3 15/16 
(100)

   72     
(1829)

       24         
(610)

5x13 bm 1 (plank)
5 3/4 
(146)

      2        
(50)

   72     
(1829)

       24         
(610)

5x13 bm 2a
1 15/16 

(49)
5 7/8 
(149)

   72     
(1829)

       24         
(610)

5x13 bm 2b
1 15/16 

(49)
5 7/8 
(149)

   72     
(1829)

       24         
(610)

5x13 bm 3a (plank)
5 15/16 
(151)

1 15/16 
(49)

   72     
(1829)

       24         
(610)

5x13 bm 3b (plank)
5 15/16 
(151)

1 15/16 
(49)

   72     
(1829)

       24         
(610)

5x17.5 bm 1
1 15/16 

(49)
7 1/16 
(179)

   72     
(1829)

       24         
(610)

Figure 3.10: Diagram of rectangular beam testing arrangement



The results of the rectangular sawn lumber testing are presented in section 4.4.

3.5 ASTM D143 standard specimens

3.5.1 2”x2”x30”  (50x50x762 mm) beams in static bending

These specimens were prepared and tested in accordance with ASTM D143 standard section 8 
'Static Bending'. Figure 3.12 is a diagram of the setup employed in our tests. Figure 3.13 shows the 
entire test setup pictorially and Figure 3.14 shows one of the coconut specimens exhibiting a failure 
that is termed “brash simple tension” per the ASTM D143 standard. The results of these tests can be 
found in section 4.5.
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Figure 3.11: Full size rectangular beam test setup

Figure 3.12: Diagram of ASTM D143 static bending arrangement



3.5.2 Density

Density is weight divided by volume. For the coconut pillar specimens, the volume was 
measured via water displacement. Because the ASTM specimens are milled and more consistent, the 
lengths of the sides were measured and volume of the rectangular cube is computed. This methodology 
is faster than the water displacement method. Calipers shown in Figure 3.17 were used to measure 
dimensions at either end and averaged. A measuring tape was used to measure the length to ±1/32” 
(0.8mm). The weight of the un-dried specimen was measured with the appropriate scale in the lab. 
Thus the density calculated is the density of the moist wood. Dry density can easily be calculated using 
the moisture content that was determined with the methodology outlined in section 3.5.3. 

3.5.3 Moisture content 

Moisture content was measured by obtaining a small representative volume of the specimen 
near the failure and weighing it. Next the sample was dried in the desiccator oven at 217 ±4° 
Fahrenheit (103 ±2° Celsius) until a constant mass is attained. The loss in mass, expressed in percent of 
oven-dry mass is considered the moisture content of the specimen. This follows conventional practice 
described in the ASTM standards. 
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Figure 3.13: ASTM static bending test setup

Figure 3.14: Coconut beam in ASTM D143 
bending test



3.6 Instrumentation

3.6.1 Linear Variable Differential Transformers (LVDT)

Deflection measurements were taken using four LVDTs installed on the top of the full scale 
wood beams. Two of them were used to monitor deflections at the supports, while the other two were 
placed towards the center of the span to measure the deflections under load. The LVDT was chosen 
over other displacement transducers because of its high degree of accuracy and repeatability.  The 
principle of measurement used in LVDTs is based on magnetic transfer, which does not require 
physical contact with the sensing element and eliminates errors caused by wear and tear of equipment, 
thus contributing to its repeatability.  With suitable signal conditioning electronics, very small 
movements can be detected. One of the LVDT instruments used in the full scale tests is shown in 
Figure 3.15.

Figure 3.15: LVDT used for deflection measurements

3.6.2 Variable Reluctance Differential Transformers (VRDT)

The Novotechnik 50mm variable reluctance differential transformer (VRDT) was the linear 
displacement instrument used in the small specimen tests. The accuracy of this instrument is expressed 
as a  linearity of .15% and a repeatability of .01mm. These were chosen because the gage range was 
best suited to our smaller test setup. The instruments are physically smaller and provide mounting 
hardware so they are easier to attach on our apparatus than the LVDT type. A picture of this instrument 
can be seen in Figure 3.16.
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3.6.3 Digital Calipers

A digital caliper was used for measuring the small specimen's cross sectional dimensions as 
well as performing VRDT gage calibration. The caliper used in our experiments was a Mitutoyo model 
500-196, which is capable of measuring things up to 6” with a resolution of  .0005 inch.

3.6.4 Hydraulic Test Frame

A 300,000 lb test frame controlled by a MTS TestStar II servo-controller was used to load the 
specimens, see Figure 3.18.  A load cell was used for load measurements, and was monitored by the 
data acquisition system for data recording.  The MTS controller provides accurate control of movement 
of the hydraulic actuator at the selected loading rate shown in Figure 3.19.  The load accuracy of the 
load cell in the large hydraulic test frame is about 1-2 kips.
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Figure 3.16: VRDT used for deflection measurements in small scale tests

Figure 3.17: Mitutoyo caliper model# 500-196



Figure 3.18: MTS TestStar II Servo-
Controller

Figure 3.19: Hydraulic Test Frame

3.6.5 Data Acquisition System

For data collection, a National Instruments multi-channel data acquisition system running 
Labview Version 7 Express was used. All instruments for both full scale testing and the smaller 
specimen testing were connected to the system and data was monitored using Labview. 
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Figure 3.20: Data Acquisition System

3.6.6 MTS Material Testing System

A MTS 810 Material testing system was used to test the smaller sized specimens The load rate 
was set at a constant value of 0.1 inch/minute (2.5mm/min) for the duration of the tests per the ASTM 
D143 specification. The computer on the left of Figure 3.21 controlled the hydraulics of the test frame 
to maintain the constant displacement rate. The 50kip (222.5kN) capacity load cell data is recorded 
during the testing alongside the displacement information. The resolution of the load cell is 
approximately 50lbs (222.5N). The testing of the 2”x2” (50x50mm) beams was done on an apparatus 
held securely by the hydraulic wedge grips of the MTS test frame. The apparatus for the static bending 
tests can be seen in Figure 3.13.

Figure 3.21: MTS 810 Material Test Frame

3.6.7 Desiccator Oven

For drying specimens to obtain moisture contents. The oven will maintain a set temperature 
while ventilating the enclosure. This enables complete drying of specimens for moisture content 
determination. A photograph of the oven can be seen in Figure 3.22.
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3.6.8 Scales
A variety of scales were utilized for weighing specimens in determining moisture contents and 

specific gravity. The Tanita BSC-150 measures weight to .1 lbs for the weights we tested; it was used 
for weighing the larger specimens. The A&D ep-41KA and the Explorer Pro were used for 
measurements relating to the smaller specimens. The A&D scale is accurate to 1g (.005 lbs). The 
Explorer pro scale has a resolution of .1 grams. 
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Figure 3.22: Desiccator oven used for drying 
specimens

Figure 3.23: Explorer Pro scale

Figure 3.24: Tanita BSC-
150 scale

Figure 3.25: A&D electronic  
balance EP-41KA



4 Test Results

4.1 Overview

The coconut wood testing we have conducted to date supports the conclusion that it is a 
competent material for structural use. The rest of chapter 4 details the results of the tests.

4.2 Results of compression tests

Compression tests were done on 8 inch diameter by approximately 11 inch round specimens. 
Tests were done on material from 10 different logs, with different amounts of specimens for each log. 
The results of this testing is summarized in Table 4.1. The values of ultimate compressive capacity are 
comparable with good concrete, averaging 6700 psi.

4.2.1 Compression test trends in data

Trends in compression strength are similar to those of bending strength. Our testing 
methodology did not include compression modulus of elasticity. The moist density of the wood 
correlates best with the compressive strength, with an  R2  = 0.82.

The Schmidt hammer testing was performed to find an easy test to classify the strength of 
coconut logs easily in the field. This method probably isn't reliable enough as the correlations between 
Schmidt hammer test readings and the compressive strength are not great. The best correlation is found 
when testing the end edge of the coconut log. The  R2 value for this location is 0.5. The side middle and 
end middle have values of 0.37 and 0.25 respectively. These results are graphically presented in Figure
4.1, Figure 4.2, and Figure 4.3.
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Figure 4.1: Compression results - Schmidt hammer end edge 
result vs. ultimate compressive stress



As can be seen in the graphs of the Schmidt hammer test results, there are correlations between 
Schmidt hammer test results at various locations on the specimen and the compressive capacity of a 
coconut wood specimen. These correlations depend on where the reading is taken. The best correlation 
was found to be at the extreme edge of the endgrain. This result is consistent with expectation given the 
anatomy of the coconut stems. The outermost fibers of the log are the strongest and most dense part of 
the log. It stands to reason that measuring the surface hardness with the Schmidt hammer of the 
strongest part of the log would be the best indicator of strength. The best correlation, however has an 
R2 value of only.496 (see Figure 4.1). This indicates that the correlation of surface density measured 
with a Schmidt hammer is not a great way to estimate strength. There is some indication that a more 
refined surface density measurement may possibly be useful in predicting the strength of a member.
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Figure 4.3: Compression results - Schmidt hammer end center  
result vs. ultimate compressive stress

Figure 4.2: Compression results - Schmidt hammer side middle  
result vs. ultimate compressive stress



As the literature suggests, there was a strong correlation between moist density and ultimate 
capacity. The R2 value of this relationship is 0.82, indicating that moist density could be a reliable way 
to estimate the strength of a coconut wood piece. The disadvantage of using moist density as a strength 
classification parameter is the difficulty of measuring moist density in the field. Time is needed to cure 
the wood to achieve a moisture content that is similar to what it would be in service conditions. Also, 
accurate instruments are needed to measure volume and weight of a specimen.

In Table 4.1, each 8” compression specimen is presented in tabular format. The specimen mark 
is comprised of a number and a letter. The number refers to the log the specimen was taken from, and 
the letter is an identifier for a particular specimen. Asterisks '*' indicate a specimen that was not tested 
with the Schmidt hammer. It can be seen that specimens from the same log are consistent with each 
other. This is a result that indicates that classification would be useful for culling out logs that are 
consistently inferior in strength.
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Figure 4.4: Compression testing results – density vs compressive  
stress
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Table 4.1: Full scale compression test - numerical summary of results

Wet Density Schmidt Hammer Tests

%

2-A 47.85 (0.77) 20.3 5846 (40.3) 21.0 26.6 31.0
2-B 49.46 (0.79) 22.9 5756 (39.7) 18.0 26.4 33.0
2-C 49.24 (0.79) 22.6 5392 (37.2) 20.5 26.4 34.8
3-A 61.50 (0.99) 30.9 8284 (57.1) 17.0 30.3 36.8
3-B 56.61 (0.91) 24.9 6905 (47.6) 16.0 27.6 36.5
4-A * 62.61 (1.00) 22.1 8456 (58.3)
4-B 61.01 (0.98) 20.1 8847 (61.0) 23.0 40.0
4-C 61.93 (0.99) 21.3 8501 (58.6) 24.0 37.5
4-D 60.21 (0.96) 19.0 7997 (55.1) 22.5 38.5
4-E 61.13 (0.98) 20.3 9161 (63.2) 24.5 29.0 39.5
4-F 61.05 (0.98) 20.2 6619 (45.6) 22.5 29.8 41.0
6-A 52.33 (0.84) 19.5 5908 (40.7) 16.0 24.6 27.5
6-B 54.91 (0.88) 23.3 8057 (55.5) 15.5 27.1 33.0
6-C 54.53 (0.87) 22.8 6861 (47.3) 14.0 27.1 31.8
7-A * 55.35 (0.89) 18.0 6508 (44.9)
7-B 51.75 (0.83) 12.3 5621 (38.8) 18.0 25.9 37.8
7-C 53.04 (0.85) 14.5 6137 (42.3) 14.0 27.3 38.3
8-A * 46.97 (0.75) 22.0 5266 (36.3)
8-B 49.45 (0.79) 25.9 5790 (39.9) 17.0 24.6 33.8
8-C 48.05 (0.77) 23.8 5925 (40.8) 15.0 25.9 30.5
8-D 47.61 (0.76) 23.1 5663 (39.0) 17.0 25.4 29.8
8-E 49.30 (0.79) 25.7 5794 (39.9) 16.5 25.8 33.0
9-A * 48.58 (0.78) 26.6 5782 (39.9)
9-B 46.81 (0.75) 23.8 5698 (39.3) 17.0 27.8 32.5
9-C 46.83 (0.75) 23.9 5779 (39.8) 14.5 27.0 34.3
9-D 46.55 (0.75) 23.4 5448 (37.6) 17.0 26.9 31.0
9-E 46.48 (0.74) 23.3 5197 (35.8) 15.0 25.8 34.5
9-F 46.37 (0.74) 23.1 5337 (36.8) 17.0 27.6 34.8
10-A * 56.92 (0.91) 23.4 6818 (47.0)
10-B 50.96 (0.82) 14.4 6047 (41.7) 14.0 27.9 33.0
10-C 50.79 (0.81) 14.1 6024 (41.5) 15.5 26.8 31.3
10-D 55.30 (0.89) 21.1 6918 (47.7) 15.5 28.0 38.5
10-E 52.05 (0.83) 16.2 6484 (44.7) 15.0 26.3 37.8
11-A * 62.66 (1.00) 18.1 7822 (53.9)
11-B 59.69 (0.96) 14.0 7492 (51.7) 23.0 30.8 43.0
11-C 62.45 (1.00) 17.8 7429 (51.2) 20.0 32.8 43.0
12-A * 62.23 (1.00) 19.4 9121 (62.9)
12-B 61.29 (0.98) 18.2 8986 (62.0) 16.5 31.5 40.5
AVERAGE 54.00 (0.87) 21.0 6728 (46.4)

Specimen 
Mark

Moisture 
Content

Ultimate 
Compressive Stress

Lb/ft3 (g/cm3) Psi (Mpa) End Center 
(Ave)

End Edge 
(Ave)

Side Middle 
(Ave)



4.3 Results of full scale log bending tests

4.3.1 Full scale log beam test results summary

The full scale log beam tests performed roughly approximated the ASTM D198 standard, but 
did not follow it strictly. The logs tested were roughly 8 inches in diameter. Lengths of specimens 
tested are given in Table 3.2. 

4.3.2 Load, deflection behavior

Coconut log bending results are plotted in Figure 4.5. All results show bending stress capacity 
that is much higher than typical wood design values. The variation in initial slope in Figure 4.5 is not a 
direct indication of modulus of elasticity due to differences in test setup. The modulus values in Table
4.2 are calculated using classical Euler-Bernoulli beam theory. The variations in modulus might be due 
to the shear modulus, also known as 'G', contributing differently to the stiffness because the differences 
in test arrangements. The standard test method (ASTM D-198) mentions that the affect of shear 
becomes negligible as the span becomes longer, the ratio of beam depth to span is the determining 
factor. The ratio in these particular tests is not constant, the span changes. The longest span is above the 
published limit of 12:1 that indicates when shear becomes significant, but the two shorter spans are 
below the 12:1 limit. Also, the distribution and effect of shear in the non-uniform circular cross section 
of a coconut timber is not established, so the limits in ASTM D-198 can only be seen as a approximate. 
The ASTM recommendations are made for conventional timber, it is not known if they hold for 
coconut wood material. The effect on shear in coconut wood could be an area of further investigation.

 This study determines an apparent modulus of elasticity based on observed beam deflections. 
The apparent deflection of the beams can be separated into two components, shear and bending. The 
conclusions for modulus of elasticity are based on Euler-Bernoulli beam theory, which is a popular 
simplification assuming only bending deformations. This assumption was made because we have no 
test data on the shear modulus due to limitations in specimen availability. By  using the assumptions of 
Euler-Bernoulli beam theory, The deflection equation only has one variable, E. With some algebra the 
E value can be calculated. A more rigorous approach for calculating the material properties based on 
these kinds of tests would be to assess the shear modulus value experimentally and incorporate the 
experimentally verified shear modulus value into the more accurate beam theory known as the 
Timoshenko beam theory (Newlin, and Trayer 1924; ASTM D-198). 

although the number of specimens is small, the tests yield results that indicate coconut timbers 
of round cross section of full log dimensions show promise for structural applications. Both the 
stiffness and the ultimate rupture stress are sufficient for structural use of the material. The numerical 
values of the testing results are presented in Table 4.2.
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4.4 Full scale sawn lumber test results summary

The full scale tests on rectangular cross section lumber also roughly approximated the ASTM 
D198 standard, and did not follow it strictly. The coconut wood lumber was sawn into rectangular 
shapes roughly 2 inches (50mm) by 4-7 inches (100-179mm).  A numerical summary of the results of 
the sawn lumber tests is given in Table 4.3.

4.4.1 Full scale sawn lumber planks

To assess structural performance of coconut wood for planking application three specimens 
with cross sectional dimensions of 2”x6” (50mm x 150mm) were tested. The pieces were loaded with 
the short cross-sectional dimension vertical. The results of these tests are presented in Figure 4.6. 
Maximum stress values are consistent with other types of tests done. Because the core or the coconut 
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Figure 4.5: Coconut log bending stress, deflection plots
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Table 4.2: Numerical summary of log bending results

 

Specimen Mark Wet Density

Psi (MPa) Ksi (GPa)
54.91 (0.88) 11,790 (81.3) 1885 (12.0)
59.90 (0.96) 15,399 (106.1) 1944 (13.4)
48.67 (0.78) 10,124 (69.8) 1368 (9.4)

AVERAGE 54.29 (0.87) 12,438 (85.8) 1732 (11.9)

Max Bending 
Stress

Young's 
Modulus

Lb/ft3 (g/cm3)
bm 1 log 6
bm 2 log 3
bm 3 log 2



stem is known to be less competent than the outer fibers, tests were done with the core both ways. The 
core up configuration results in slightly less stiffness and lower load capacity, however these effects are 
small enough not to be included as a design consideration. A numerical summary of the tests is 
presented in Table 4.3.

4.4.2 2x joists

2X4 (50 x 100) and 2x6 (50 x 150) rectangular beams were tested in a joist configuration with 
the long cross sectional dimension vertical. The specimens for these tests are milled such that the fiber 
concentration is greatest in the top and bottom surfaces. This is standard practice for coconut timber 
processing (Haas and Wilson 1985) The bending stress vs. midspan deflection curves can be seen in 
Figure 4.7 and Figure 4.8.  A numerical summary of the tests is presented in Table 4.3. The consistency 
of the material is apparent in the figures.
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Figure 4.6: Coconut plank bending stress, deflection plots
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Figure 4.7: 2x4 joist bending stress, deflection plots
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Figure 4.8: 2x6 joist bending stress, deflection plots
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Table 4.3: Full scale rectangular beam results

Specimen Mark Wet Density
Notes

Ksi (GPa)
51.79 (0.83) 9,278 (64.0) 1,875 (12.9)
58.66 (0.94) 9,533 (65.7) 1,758 (12.1)
63.65 (1.02) 9,870 (68.0) 1,989 (13.7) Plank test with core side down
51.17 (0.82) 11,125 (76.7) 1,906 (13.1)
49.92 (0.80) 11,322 (78.1) 1,762 (12.1)
66.77 (1.07) 11,132 (76.8) 2,375 (16.4) Plank test with core side down
52.42 (0.84) 11,605 (80.0) 1,867 (12.9) Plank test with core side up
61.78 (0.99) 10,700 (73.8) 1,718 (11.9)

AVERAGE 57.02 (0.91) 10,571 (72.9) 1,906 (13.1)

Max Bending 
Stress

Young's 
Modulus, E

Lb/ft3 (g/cm3) Psi (Mpa)
5x10 bm 1
5x10 bm 2
5x13 bm 1 (plank)
5x13 bm 2a
5x13 bm 2b
5x13 bm 3a (plank)
5x13 bm 3b (plank)
5x17.5 bm 1



Plotting the results of all the full scale coconut beam testing makes it easy to see the consistency 
and magnitude of the value of ultimate failure stress. The ultimate stress values would be at least as 
high as any standard timber.  It should be noted that the variation in initial slope is not proportional to 
the modulus of elasticity variation. This is because the x-axis of Figure 4.9 is the midspan deflection, 
which is dependent on the moment of inertia, I and span as well. Figure 4.9 is illustrative of the 
consistency of the values of bending stress at failure for various full size specimen types. This 
consistency is important to note as it allows a designer to be more confident in the assumed material 
properties.

30

Figure 4.9: Bending stress, deflection plot of  all rectangular coconut beams

Coconut Beam Tests

0

2

4

6

8

10

12

0 0.5 1 1.5 2 2.5 3

Midspan Deflection (in)

B
en

di
ng

 S
tr

es
s 

(k
si

)

Beam 1 (2"x4") (5cm x 10cm)
Beam 2 (2"x4") (5cm x 10cm)
Beam 2a (2"x6") (5cm x 13cm)
Beam 2b (2"x6") (5cm x 13cm)
Beam 3 (6"x2") (13cm x 5cm)
Beam 3a (6"x2") (13cm x 5cm)
Beam 3b (6"x2") (13cm x 5cm)
Beam 4 (2"x7") (5cm x 17.5cm)



4.5 Results of ASTM D143 static bending tests

4.5.1 D143 test results summary

For more detailed results, see data sheets for the individual specimens included in the appendix. 
The results of the ASTM static bending tests showed trends that are reported in the literature (Killmann 
1983). These trends are discussed later in this section. Values of moisture content, density, elastic limit 
stress, ultimate stress, and E are summarized in Table 4.4 below. '*' indicates tests that either failed in 
cross grain tension or had some flaw that warranted culling the test from the results. The culled test 
results are not included in any of the calculations or discussions.

The tests requiring removal from the data set are excluded and the ultimate stress and modulus 
of elasticity of the remaining specimens is taken. These specimens and the averaged values for design 
is seen in Table 4.5. The average ultimate stress is 13,685 psi and the averaged modulus of elasticity is 
1,608,962 psi. It is these values in combination with the full scale testing results that we base our 
recommended design values on.
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Table 4.4: ASTM static bending - tabular summary of results '*' indicates culled tests

 

Wet Density Dry Density E

% Psi (MPa) Psi (MPa) Ksi (GPa)
C-1 63.81 (1.02) 53.85 (0.86) 15.97 10,765 (74.2) 13,065 (90.1) 1,641 (11.3)
C-2 49.46 (0.79) 39.41 (0.63) 16.11 10,452 (72.1) 15,636 (107.8) 2,023 (14)
C-3 52.80 (0.85) 42.98 (0.69) 15.73 3,696 (25.5) 6,801 (46.9) 760 (5.2)
C-4 66.36 (1.06) 56.52 (0.91) 15.77 14,654 (101.0) 19,833 (136.7) 1,809 (12.5)
C-5 65.26 (1.05) 55.53 (0.89) 15.60 10,801 (74.5) 14,576 (100.5) 1,873 (12.9)
C-6* 64.21 (1.03) 54.60 (0.88) 15.40 11,585 (79.9) 15,842 (109.2) 2,018 (13.9)
C-7 48.43 (0.78) 38.13 (0.61) 16.50 11,336 (78.2) 12,976 (89.5) 1,545 (10.7)
C-8* 63.89 (1.02) 53.90 (0.86) 16.02 9,720 (67.0) 10,014 (69.0) 1,629 (11.2)
C-9 43.86 (0.70) 33.72 (0.54) 16.26 7,180 (49.5) 10,263 (70.8) 1,224 (8.4)
C-10 54.21 (0.87) 44.50 (0.71) 15.55 10,585 (73.0) 11,865 (81.8) 1,581 (10.9)
C-11 62.97 (1.01) 53.02 (0.85) 15.95 11,778 (81.2) 13,663 (94.2) 1,749 (12.1)
C-12 67.50 (1.08) 57.75 (0.93) 15.63 13,232 (91.2) 18,721 (129.1) 2,102 (14.5)
C-13* 63.10 (1.01) 53.47 (0.86) 15.44 8,946 (61.7) 10,889 (75.1) 1,746 (12)
C-14* 47.67 (0.76) 38.00 (0.61) 15.50 10,106 (69.7) 13,001 (89.6) 1,369 (9.4)
C-15 41.43 (0.66) 31.40 (0.50) 16.08 8,211 (56.6) 10,275 (70.8) 1,209 (8.3)
C-16 63.89 (1.02) 54.20 (0.87) 15.52 10,505 (72.4) 15,558 (107.3) 1,783 (12.3)
C-17 64.05 (1.03) 54.64 (0.88) 15.09 11,975 (82.6) 15,354 (105.9) 1,802 (12.4)
C-18 66.42 (1.06) 56.74 (0.91) 15.50 13,677 (94.3) 18,673 (128.7) 1,848 (12.7)
C-19 44.44 (0.71) 34.33 (0.55) 16.20 7,343 (50.6) 9,704 (66.9) 1,236 (8.5)
C-20* 63.67 (1.02) 54.32 (0.87) 14.99 11,442 (78.9) 12,125 (83.6) 1,504 (10.4)
C-21 60.43 (0.97) 50.56 (0.81) 15.82 11,398 (78.6) 12,010 (82.8) 1,557 (10.7)
C-22* 60.04 (0.96) 50.73 (0.81) 14.92 8,383 (57.8) 10,696 (73.7) 1,393 (9.6)
* - results culled due to cross grain shear failure or some other obvious flaw

Specimen 
Mark

Moisture 
Content

Elastic Limit 
Stress

Ultimate 
Stress

Lb/ft3 (g/cm3) Lb/ft3 (g/cm3)



4.5.2 D143 trends in data

Strength is correlated to both most density as well as E values. Over all the small scale static 
bending tests not culled the strength to density correlation isn't very strong, this is shown in Figure
4.10. 
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Table 4.5: ASTM D143 results - averaged 
properties of specimens not culled

Ultimate Stress E

Psi (MPa) Ksi (GPa)
C-1 13,065 (90.1) 1,641 (11.3)
C-2 15,636 (107.8) 2,023 (14)
C-3 6,801 (46.9) 760 (5.2)
C-4 19,833 (136.7) 1,809 (12.5)
C-5 14,576 (100.5) 1,873 (12.9)
C-7 12,976 (89.5) 1,545 (10.7)
C-9 10,263 (70.8) 1,224 (8.4)
C-10 11,865 (81.8) 1,581 (10.9)
C-11 13,663 (94.2) 1,749 (12.1)
C-12 18,721 (129.1) 2,102 (14.5)
C-15 10,275 (70.8) 1,209 (8.3)
C-16 15,558 (107.3) 1,783 (12.3)
C-17 15,354 (105.9) 1,802 (12.4)
C-18 18,673 (128.7) 1,848 (12.7)
C-19 9,704 (66.9) 1,236 (8.5)
C-21 12,010 (82.8) 1,557 (10.7)
AVERAGE 13,685 (94.4) 1,609 (11.1)

Specimen 
Mark



For the tests, R2  = 0.51. This indicates that there is a wide scattering of the data. Looking at 
Figure 4.10, we can see that the scatter is due mainly to a couple data points that deviate a large amount 
from the regression line. Most important to note here is the one very low point at approximately .85 
g/cm^3. This point corresponds to specimen C-3. C-3 was taken from the core material of a log, and 
thus had a very sparse fiber distribution throughout the cross section. This represents a piece that would 
easily be culled in the field by visual inspection. This result indicates that density alone may not be the 
best grading measure. When used in conjunction with other grading methods, such as visual inspection, 
density may provide useful information when assigning grades to the timbers. This result contrasts with 
the results for the 8 inch compression specimens, where a correlation between density and ultimate 
stress was 0.82. This difference may be due to the fact that the compression specimens were more 
uniform in density and there was no testing of different parts of the log seperately.

Density is not an easy quantity to measure in a factory production environment such as a lumber 
mill. To make the process of grading lumber more automated and reliable, a system of using the 
modulus of elasticity as a grading parameter has been developed for softwood. This method could also 
be developed for coconut timber. Our tests show the strongest correlations of strength among the 
parameters tested is the correlation of  ultimate capacity with modulus of elasticity as is shown by 
Figure 4.11. The  R2  value for this relationship is 0.79. This stronger correlation is most likely due to 
the fact that the modulus is a measure of fiber concentration and distribution. Inter-fiber material, the 
parenchyma cells, do not contribute appreciably to bending strength. This is evidenced by the inter-
fiber  material turning to dust and falling away during many of the bending tests, see Figure 4.17. So 
the fact that density doesn't correlate well to strength may be due to variations in the density of the 
parenchymatous material, which has little, if any, effect on bending strength. It is also to note the 
desirability of having the data skewed to the stronger side of the regression line, this means that there is 
less chance of having a piece that is much weaker than what the regression would indicate.
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Figure 4.10: ASTM static bending – moist density vs. ultimate stress



Since both the density and the modulus of elasticity correlate well with strength, it is reasonable 
to suppose that modulus of elasticity should correlate with density, which is indeed the case as 
illustrated in Figure 4.12. The correlation is quite good, save for a couple of outliers. The result that lies 
far below the linear regression is explained in the previous paragraphs.
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Figure 4.11: ASTM static bending - modulus of elasticity = E vs.  
ultimate bending stress capacity

Figure 4.12: ASTM static bending – moist density vs modulus of  
elasticity



4.5.3 Failure Modes

There were two general failure modes for the static bending specimens. These failure modes can 
be described as a more brittle failure and a more ductile failure mode. The brittle failures were typically 

associated with lower ultimate capacity. The term 
to describe the failure in the ASTM D143 
specification is “brash simple tension” Figure 4.13 
shows a sample of this type of failure while Figure
4.14 shows the resulting stress-deflection plot. 
These failures usually occurred suddenly and 
without warning. These brittle failures are 
typically avoided in engineering practice. Future 
research is required to examine the factors 
affecting the expression of this failure mode.
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Figure 4.13: A specimen exhibiting brittle tensile 
failure

Figure 4.14: Specimen C-8 load-deflection plot



The more ductile failure mode typically corresponded to a higher stress capacity and is more 
desirable from an engineering standpoint. The increased deflection available and the higher stresses are 
evidence of greater energy dissipation potential of these specimens. Figure 4.15 shows a typical load-
deflection plot of this specimen type.  These failures are most aptly classified under the ASTM D143 
name of “splintering simple tension” (Figure 4.16, and Figure 4.17).

The increased energy dissipation after the linear region of this type of failure mode is due to 
gradual deterioration of the plant tissue between the fibers. The botanical name of this tissue is 
parenchymatous tissue because it is comprised of parenchyma cells. This breaking down of the inter-
fiber material allows the stressed fibers to move relative to each other to allow greater deflections. This 
process happens often without a great loss of load capacity under increased imposed deflections. This 
process is evidenced by the powdered coconut inter fiber material falling away during testing as well as 
the cross section of the specimen cut after testing showing individual fibers that are no longer attached 
to each other (Figure 4.16 and Figure 4.17) It should be noted that this failure mode is different from 
the horizontal shear failure that often occurs in regular timber.

36

Figure 4.15: Specimen C-2 load-deflection plot
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Figure 4.16: Side view of coconut wood splintering tension failure 

Figure 4.17: Cross section of coconut wood splintering 
tension failure



5 Discussion 

5.1 Overview

Although the number of coconut wood samples tested in this study is not extensive it is 
sufficient to characterize the structural quality of coconut wood. 

5.2 Lumber grading rules

To be approved in a larger production capacity for general use, grading rules enforced by an 
agency qualified to do such work would have to be developed. This study indicated some promising 
avenues for such an endeavor. These possible factors that correlate with material strength are:

● Density – good correlation, but maybe too hard to measure

● Schmidt hammer response - not good enough correlation, some other method based on hardness 
might work better

● Inter fiber spacing – this correlated with density, therefore, it is correlated with strength, more 
data is needed to asses this method

● Color - not reliable – depends on variety, environmental conditions and other factors

● Modulus of elasticity – this is the best property to establish grading rules given what is currently 
known.

5.3 Possible Areas of Further Research

5.3.1 Similar Study

It would be useful to obtain a larger number of samples to assess statistical variability of 
material. Steps would need to be taken to ensure that a random sampling of the material is obtained. 
Differences in locale and their effects on coconut stem strength could be investigated. More work on 
treatment procedure and the effects of various timber treatment processes on strength properties should 
be conducted. These tests should be done in an ICC accredited laboratory so they can hold more weight 
for building code decision makers. 

5.3.2 Non structural considerations

To be widely accepted, investigations would need to be made in the nonstructural properties of 
coconut wood. These are things such as durability in weather, fire resistance, thermal properties, 
termite resistance, etc. Because coconut stems are anatomically different from conventional timber 
species, the importance of testing all of the material characteristics is great.

5.3.3 Other structural properties

Standard tests exist to determine other useful structural properties, these include shear strength, 
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shear modulus, tensile strength, compression parallel to the grain and perpendicular to the grain, impact 
loading, fastener pullout resistance, and adhesive bond strength. These tests measure important 
mechanical characteristics that our testing does not address. Because coconut stems are anatomically 
different from conventional timber species, the importance of testing all physical characteristics is 
important.

5.4 Conclusions and Recommendation

Coconut wood exhibits the desired properties that make it suited for use as a structural building 
material. These properties include: termite treatability, high strength, high modulus, consistency, and it 
is a waste product of another industry. These facts support the conclusion that coconut wood could be 
used without hesitation for a structural material if the circumstances are right. To use coconut wood as 
a material in engineered structures, allowable working stresses have to be established as well as grading 
criteria. The methods for establishing a safe working stress are referenced by the ASTM standards 
(ASTM D-2555). The methods for establishing safe working stresses are based on statistical principles 
discussed in Wood (1960).

5.4.1 Timber Grading Criteria

Ensuring the quality and suitability of timber is paramount to its utilization. The current practice 
to standardize timber quality is based on the establishment of grading rules. (U.S. Department of 
Commerce 1999).  Because of the good correlation with strength (see Figure 4.11) and the ease of 
determining this value by testing, it is recommended that a structural coconut wood grade be based on 
the material's modulus of elasticity, E. The procedure for measuring the modulus of elasticity would be 
to load the wood in bending and compare the maximum measured deflection to a calculated value. The 
minimum E for the graded timber would be chosen to be 1,500,000 psi. This would ensure a high 
strength and also would allow the majority of pieces to be used. To aid grading in this manner, a 
tabular presentation of the criteria would help the efficiency of the process. A presentation of a grading 
criteria table is given in Table 5.1. The table is in metric units because metric is the standard in the 
locales where coconut wood timber is currently being produced. The table consists of two rows 
containing span and load information. The rows below correspond to cross sectional dimensions of 
lumber that are standard for coconut wood. A manufacturer would choose a span and load that would 
result in easily measurable deflections and also be convenient in terms of weight applied and span. In 
the example table I chose to make the loads constant for each span, the selection of load was based on 
the smallest timber being stressed to approximately the allowable stress derived in the following 
section. This decision is made to ensure safety during the test.  From the table below spans of 2.5 or 3 
meters are most desirable because the load applied is small enough to be applied without any heavy 
lifting equipment and the maximum deflections are large enough to measure readily. The table is based 
on loading the timbers as planks with the long dimension horizontal. This is to ensure that sufficient 
deflection will result from application of load.
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5.4.2 Design values

The design stress for coconut wood is based on the averaged ultimate bending stresses 
determined from the ASTM D143 static bending results (see section 4.5) The average value of ultimate 
bending stress is 13,685 psi. This value is then multiplied by a factor to account for the effect that a full 
sized piece would be more prone to defects. We determine this factor by comparing the average 
ultimate bending stress for full sized specimens we tested (10,571 psi, see section 4.4) to the small 
specimens' value. This factor is .77. The next adjustment is to account for the variability of the 
specimens. This factor is taken directly from Wood (1960). Wood's assumption is that we would like to 
allow only 5% of the lumber to be below the design strength and that the distribution of strength is 
normal. For our relatively small sample this assumption is valid to make in lieu of a more detailed 
statistical analysis. This factor is 3/4.  Wood strength has a decreasing relationship to the duration of 
loading. If a member is to sustain loading for the service life of a structure, the ultimate capacity will be 
9/16 of the ultimate strength during the duration of a standard test. This relationship has been 
determined by extensive testing of many specimens. A factor of safety of 2 is also applied because of 
the limited scope of the testing performed in this study. The final value for design allowable bending 
stress we obtain is 2,230 psi.

Using this design stress, tabular design aids can be constructed to reduce the efforts required by 
design professionals when using coconut wood. Examples are shown in Table 5.2 and Table 5.3. The 
table has two rows at the top indicating span in either feet or inches, below these rows there are rows 
for various joist dimensions. The body of the table contains two types of information, the first is the 
maximum allowable uniform total load on the member and the second is the maximum deflection of 
the member under that particular loading. It should be noted that this table does not include any self 
weight. The calculations of maximum uniform load are based on the maximum allowed bending stress 
derived previously. The maximum deflections are calculated using the average modulus of elasticity 
from our tests. The details of these calculations are rather elementary and will not be included here. 
The shaded cells of the table indicate situations where shear may be significant, our test program did 
not include any shear strength tests, so values in these regions should not be used by designers until 
such research has been completed and incorporated into the tables.

The procedure for using the table for design is simple, The span is known. The applied loads 
can be calculated by the designer using the pertinent design code's recommendations. The designer 
would then go to the column in the table corresponding to the appropriate span. The next step is to go 
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Table 5.1: Grading criteria for center loading coconut planks on simple supports

 

E > 1,500,000 psi load (kg) 130 90 65 55 45
nominal dimension span  (m) 1 1.5 2 2.5 3
18x5(cm) deflection (cm) 1.4 3.2 5.5 9.1 12.8
15x5(cm) deflection (cm) 1.6 3.8 6.6 10.9 15.4
10x5(cm) deflection (cm) 2.5 5.8 9.9 16.3 23.0



down the column, comparing the allowed load per foot to the calculated loads. A cross section that has 
a capacity greater than what is required would be selected. The designer would then compare the 
deflection with whatever criteria is appropriate in the design situation. If the member fails the 
deflection criteria, a deeper section would need to be selected. 
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Table 5.2: Allowable uniform loading design aid for joists based on test results

 

Total Load Table For Joists of Coconut Wood

span (ft) 4 6 8 10 12 14 16 18 20 22 24
nominal b (in) d (in) span (in) 48 72 96 120 144 168 192 216 240 264 288
5x18(m) 1.97 7.09 1531 680.4 382.7 244.9 170.1 125 95.7 75.6 61.2 50.6 42.5

deflection (in) 0.09 0.2 0.36 0.56 0.8 1.09 1.42 1.8 2.22 2.69 3.2
5x15(m) 1.97 5.91 1063.1 472.5 265.8 170.1 118.1 86.8 66.4 52.5 42.5 35.1 29.5

deflection (in) 0.11 0.24 0.43 0.67 0.96 1.31 1.71 2.16 2.67 3.23 3.84
5x10(m) 1.97 3.94 472.5 210 118.1 75.6 52.5 38.6 29.5 23.3 18.9 15.6 13.1

deflection (in) 0.16 0.36 0.64 1 1.44 1.96 2.56 3.24 4 4.84 5.76
2x6 1.5 5.5 702.6 312.3 175.7 112.4 78.1 57.4 43.9 34.7 28.1 23.2 19.5

deflection (in) 0.11 0.26 0.46 0.72 1.03 1.4 1.83 2.32 2.86 3.46 4.12
2x4 1.5 3.5 284.5 126.5 71.1 45.5 31.6 23.2 17.8 14.1 11.4

deflection (in) 0.18 0.4 0.72 1.12 1.62 2.2 2.88 3.64 4.5
2x2 1.5 1.5 52.3 23.2 13.1

deflection (in) 0.42 0.94 1.68
1x4 0.75 3.5 142.3 63.2 35.6 22.8

deflection (in) 0.18 0.4 0.72 1.12
1x3 0.75 2.5 72.6 32.3 18.1

deflection (in) 0.25 0.57 1.01
-> probable shear failure
-> probable significant additional shear deformation

load (plf)

load (plf)

load (plf)

load (plf)

load (plf)

load (plf)

load (plf)

load (plf)
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Table 5.3: Allowable uniform loading design aid for joists based on test results

Total Load Table For Planks of Coconut Wood

span (ft) 1.00 1.33 1.50 1.67 2.00 2.33 2.50 2.67 3.00 3.33 3.50
nominal b (in) d (in) span (in) 12 16 18 20 24 28 30 32 36 40 42
5x18(m) 7.09 1.97 6804 3827 3023.8 2449.3 1700.9 1249.6 1088.6 956.8 756.0 612.3 555.4

deflection (in) 0.0200 0.0355 0.0450 0.0555 0.0800 0.1088 0.1249 0.1421 0.1799 0.2221 0.2449
5x15(m) 5.91 1.97 5669.7 3189.2 2519.9 2041.1 1417.4 1041.4 907.1 797.3 630.0 510.3 462.8

deflection (in) 0.0200 0.0355 0.0450 0.0555 0.0800 0.1088 0.1249 0.1421 0.1799 0.2221 0.2449
5x10(m) 3.94 1.97 3779.8 2126.1 1679.9 1360.7 944.9 694.2 604.8 531.5 420.0 340.2 308.6

deflection (in) 0.0200 0.0355 0.0450 0.0555 0.0800 0.1088 0.1249 0.1421 0.1799 0.2221 0.2449
2x6 5.50 1.50 3066 1724.6 1362.7 1103.8 766.5 563.1 490.6 431.2 340.7 275.9 250.3

deflection (in) 0.0262 0.0466 0.0590 0.0729 0.1049 0.1428 0.1640 0.1865 0.2361 0.2915 0.3214
2x4 3.50 1.50 1951.1 1097.5 867.2 702.4 487.8 358.4 312.2 274.4 216.8 175.6 159.3

deflection (in) 0.0262 0.0466 0.0590 0.0729 0.1049 0.1428 0.1640 0.1865 0.2361 0.2915 0.3214
1x2 1.50 0.75 209.0 117.6 92.9 75.3 52.3 38.4 33.4 29.4 23.2 18.8 17.1

deflection (in) 0.0525 0.0933 0.1180 0.1457 0.2099 0.2857 0.3279 0.3731 0.4722 0.5830 0.6427
1x3 2.50 0.75 348.4 196.0 154.8 125.4 87.1 64.0 55.7 49.0 38.7 31.4 28.4

deflection (in) 0.0525 0.0933 0.1180 0.1457 0.2099 0.2857 0.3279 0.3731 0.4722 0.5830 0.6427
1x4 3.50 0.75 487.8 274.4 216.8 175.6 121.9 89.6 78.0 68.6 54.2 43.9 39.8

deflection (in) 0.0525 0.0933 0.1180 0.1457 0.2099 0.2857 0.3279 0.3731 0.4722 0.5830 0.6427
1x5 4.50 0.75 627.1 352.8 278.7 225.8 156.8 115.2 100.3 88.2 69.7 56.4 51.2

deflection (in) 0.0525 0.0933 0.1180 0.1457 0.2099 0.2857 0.3279 0.3731 0.4722 0.5830 0.6427
1x6 5.50 0.75 766.5 431.2 340.7 275.9 191.6 140.8 122.6 107.8 85.2 69.0 62.6

deflection (in) 0.0525 0.0933 0.1180 0.1457 0.2099 0.2857 0.3279 0.3731 0.4722 0.5830 0.6427
1x7 6.25 0.75 871.0 490.0 387.1 313.6 217.8 160.0 139.4 122.5 96.8 78.4 71.1

deflection (in) 0.0525 0.0933 0.1180 0.1457 0.2099 0.2857 0.3279 0.3731 0.4722 0.5830 0.6427
1x8 7.25 0.75 1010.4 568.3 449.1 363.7 252.6 185.6 161.7 142.1 112.3 90.9 82.5

deflection (in) 0.0525 0.0933 0.1180 0.1457 0.2099 0.2857 0.3279 0.3731 0.4722 0.5830 0.6427
-> probable shear failure
-> may have significant additional shear deformations

load (plf)

load (plf)

load (plf)

load (plf)

load (plf)

load (plf)

load (plf)

load (plf)

load (plf)

load (plf)

load (plf)

load (plf)
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