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ABSTRACT 

One of the ~~jectives of Timber Utilization Division at PhilippinP 

Coconut Authority-Zamboanga Research Centre has been the assessment of 

t~1e potential utilization value of relatively unknown wood species Cocos 

nucifera. One of rhe important factors is knowledge of mechanical proper­

ties of wood for construction purposes with the aim to develop stress grade 

classification. 

~he knowledge of its relationship or similarity to the properties of 

commonly used construction woods should aid in the better utilization of 

coconut palm sawn wood. 

This paper describes the following: 

1. Standard small specimen (20 mm) test with exception of c~mpression 

perpendicular to grain where 50 mm specimens were used. The tabulated 

results for mechanical properties ior coconut palm sawn wood in the 

green (unseasoned) and air-dry (seasoned) conditions are presented. 

2. Full size specimen test represents construction sizes of sawn wood, 

partly dry (average 221. moisture content) with included normal defects 

as harvesting steps, wane and want, etc. Specimens wEre tested on 

the edge and based on condition that its length (span) is 21 times 

depth. 

Static bending test was conducted to obtain mechanical froperties 

ag modulus of elasticity, modulus of rupture, bending strength at 

proportional limit; with additional data as types of failure under· 

maximum load and lateral stability with larger ratio of depth to width. 

At the same time, data were obtained for included def~cts and charac­

teristics of coconut palm wood. 
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The full size test was supplementary to the small clear standard 

specimen test to obtain comparable data of relationship between small 

and full size specimens. 

3. In addition to full size specimen test, relatively few coc~nut palm 

wood joints were tested in full size as coconut palm sawn wood is 

recovered in somewhat restricted cross section area due to large radial 

variation in its density. Therefore, use of simple joints is recormnend­

ed to double or increase cross section area to obtain necessary design 

dimension. 

The test results for individual specimen are tabulated on the basis 

of the values of basic density and are classified to three density 

groups for all tested strength properties. 

·coconut wood has been classified for structural use according to the 

Australian system for strength and joint groups and stress grade. 

Data are expressed in International System of metric units (SI units). 

Section E of ?art II contains simple conversion tables if it is neces­

sary or convenient to convert SI units to other commonly used units. 
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PART I: STANDARD SMALL SPECIMEN TEST 

1. INTRODUCTION 

One of the objectives of Timber Utilization Division at PCA­

Zamboanga Research Centre is to assess the potential utilization value 

of previousl/ relatively unknown species, coconut palm wood. The 

important factor is knowledge of mechanical properties of wood, with 

aim to develop stress grade classification. tt was found convenient 

to use assistance from the Australian national university Forestry 

Department to use their wood testing lahoratory. 

Further it was found convenient to use the Australian strF.11gth 

grouping system and minimum strength-class limits for grou~_.g Philipp~ne 

:::imber species. Strength grouping is prerequisite for the "stress grading 

classification" of the sawn coconut palm wood, if used as structural 

components for the light wood framing construction. 

It is hoped that such information will assist coconut palm wood 

which i~, relatively unknown as a conunercial material- and its knowledge 

of .• relationship or similarity to the properties of a commonly used 

conunercial wood producing species and should assist to better utilization 

of coconut palm sawn wood. 

The mature coconut palm stem is of such dimensions as could be 

converttd by a number of methods to usable wood which could serve wel! 

to mankind - especially if its physical and mechanical properties are 

suitable for a number of uses. Some of the properties could be improved 

oy such as cutting pattern, grading, preservation, surface treatment, 

etc. - mechanical properties to some level could be improved by increased 

dimension to compensate for deficiency in particular mechanical properties 

if the designer is awa'e of such problem. 
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Many commercially used species have known density variation 

within the stem or individual tress. Very few species have such steep 

density gradient within the stem as coconut palm wood. For this reason, 

originally coconut palm wood has been divided to four basic density* 
~ 

groups: Hard 600 kglmJ and above 

Medium 400 kglm3 to 599 kglm
3 

Soft 250 kglm3 to 399 kglm3 

Very soft below 250 kgim3 

Basic density (specific gravity) of coconut palm wood within the 

stem varies in the radi1l and longitudinal direction between 200 kglm3 

(.2 glcm3) to 800 kglm3 (.8 glcm3). As the density of coconut palm wood 

ha~ close correlation between mechanical and other properties, it is neces­

sary as a first step to utilization of the sawn wood to be separated to 

a number of density groups, where density 3lone determines the final end 

use of the material. 

The original four density groups were for practical and simplicity 

reasons changed to thr~e density groups: 

600 kg!m3 and above Hard 

400 kglm 3 to 599 kglm3 Medium 

below 400 kglm 
3 Soft 

lt is recommended that wood below basic density 400 kglm
3 ~hall not 

be used as a construction material for permanent structures. This is 

one reason for the above given densities group division. 

Note: The standard small specimen test. for mechanical properties 

was conducted using the original four density groups classi-

fication. 

* Basic density is the ratio of oven dry weight and green volume. 
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The consideration to use only two density groups: 
3 500 kg/m and above - High density 

below 500 kg/m3 - Low density 

was rejected on the basis that such simple grouping will limit the use 

of coconut palm w~od for a number of final uses and would jeopardize 

lowering its proper utilization. The adopted three density groups iook 

more conveneient for the utilization and final use of coconut palm wood. 

2. STANDARD METHODS FOR MECHANICALLY TESTING SMALL CLEAR SPECIMEN OF WOOD 

The tests for mechanical properties of coconut palm wood specimen 

were carried out in the testing laboratory of Australian University, Can­

berra, ACT, Australia to obtain detailed knowledge of the strength proper­

ties to assist in the determination of design stresses and better utilization 

of coconut palm wood. 

The Australian method of testing small clear specimen is, in general, 

based on the British standard and American standard specification with some 

minor modification and addition. but the differences are not of fundamental 

imporcal"ce. 

Note: British and American standards include the test for "tension parallel 

to grain" which is normally omitted in the Australian testing method. 

Therefore, tension parallel to grain for the coconut palm specimen 

is not subject of the test. 

The specimens were tested as 50 mm and 20 mm standard (International 

Standard) as described in "Standard Methods of Testing Small Clear 

Specimen of Wood". 

The requirement that all various test specimens should be taken from 

one or more bolts sawn from one log or stem was followed as closely as 

possible. 
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The matched green and dry specimen is more difficult to obtain 

because of the high density gradient, e.g., to match basic density 

value for two or more specimens is not easily obtained with the coconut 

palm wood as density gradient is steep in the cross section of the select­

ed "bolt". 

The tests are: a. Static bending 

b. Compression parallel to grain 

c. Compression perpendicular to grain 

A graph is plotted of the load against specimen deflection. 

S.I. units were used for the test value and tabulated results. 

For all static tests, rate of loading was used as prescribed by 

the "Standard Methods for Testing Small clear Specimen of Wood" (Ref.l 

page 3). 

Moisture content is determined by: Standard oven weight method 

immediately after the test. 

Basic density is determined by: Volume is taken by water dis­

olacement method; and oven dry 

weight. 

Nominal density for air dry wood is determined by: 

Volume at 12% moisture content; and 

Weight at 12% moisture content. 

Note: In the tabulated results, only basic density is used: ratio of 

oven weight to green volume. 

Air dry specimens (12% moisture content) were pre-machined in green 
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~ondition to size such that seasoning defects as shrinkage, etc. could 

be removed in the final machining at the 12 percent moisture content to 

obtain the necessary specimeu dimension. 

NOTE: For Technical reason to save time, green specimens were pre-dried 

in low temperature experimental kiln and finally conditioned to 

12 percent moisture content in the air controlled room at a 

temperature of 22°C and 64 percent relative humidity. 

All tests were conducted in the laboratory at 21°c temperature and 

60 to 65 percent relative humidity condition. 

All testing results from test Part I and test Part II were combined 

and tabulated in Table No. 1. 

3. PREPARATION, SELECTION OF THE SPECIMEN FOR STANDARD TESTING OF 

MECHANICAL PROPERTIES OF THE COCONUT WOOD (COCOS NUCIFERA) 

The basic procedure has been intended for the broadest possible 

selection ~f material in evaluating mean value and its variability of the 

strength and related mechanical properties of wood in the form of small 

defect-free specimen, employi~g standard method of testing. 

( i) 

( i i ) 

(iii) 

(iv) 

(v) 

(vi) 

(vii) 

(viii) 

Brief description of procedure in the following order: 

Selection of palms 

Felling and cutting stem to round wood length (logs) 

Selection of the bolt section 

Breakdown logs and recover bolt section 

Harking bolts and record green weight 

Spray bolts by 3% solution of pentachloro~henate 

Sealed bolts in air proof plastic and crated 

Shipped to A.N.U., Canberra ACT - Forestry Department - Australia 
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(ix) Stored in cool room 

(x) Preparation of standard testing specimen for "green" and air dry 

testing 

(xi) Using standard testing procedure 

Selection and Collection of Material 

Standard requirement is minimum 5 trees selected as representative 

of the species from any particular location. The test was divided into 

two parts for a number of technical reasons, transport, quarantine regul­

ations, availability of testing laboratory, etc. 

Six average representative palms were selected - three palm stems 

for ~ach part of test. 

Palms were randomly selected from different parts of the 500 ha plant­

ation at PCA-Zamboanga Research Center having approximately 300 hectares 

pure stand plantation of coconut palms "tall variety" approximately age 

50-80 years. Palms population density appromately 100 per hectare (distan­

ce between rows - 10 meters) classified locally as Zamboanba or San Ramon 

Tall. 

Age of selected palms: 

Three palms approx. 60 years plus 

Three palms approx. 50 to 60 years 

Test Part I 

Test Pare I I 

To represent best average, the palms were selected from different 

site condition of different height, size, vigor, color of nuts*, stem form 

*Locally some farmers considered coconut palm bearing yellow nut, has much 
harder wood than coconut bearing green nut. In testing, sawing or machining 
no evidence has been found to support such phenomena. Between pure green 
and pure yellow are many "bet•...,een" color shades. 



and age. Height of selected palm vary from 16 meters to 26 meters, and ave­

rage diameter at ~reast height (l.30 meters) from 30 cm - 36.0 cm. 

• Colour of nuts - one pure green - Test Part I 

two pure yellow - Test Part I 

three in shades of colour between green and 

yellow - Test Part II 

The San Ramon ta~l variety are bearing one of the largest coconuts 

and is renowned for a tree of great height. 

Shade in colour of wood in the relationship to colour 

of nuts 

It appears that such a relationship exists. Palms bearing pure yellow 

fruit appear to have darker, higher density wood than found in palm bearing 

pure green fruit, the possibility that the colour shades in the higher den­

sities follow the pattern of the colour of fruit, but this should be the 

subject of further investigation. 

Selection of Bolts for Test Part I 

Palm No. l G***Height of stem (from butt to first leaves) 22.5 meters 

Stem BH** diameter 31 cm 
--~~~~~~~~ 

Stem Center diameter 25 cm 
--~~~~~~--

Stem top diameter 17 cm 

Total volume of stem 1.103 cu. m. 

* See footnote on previous page 

** Breast diameter 1.30 meter above the gound level 

*** G and Y stand for the Green and Yellow colour of the nuts of palms 

selected for the test. 
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Palm No. 2 Y*** Height of stem ---------------------------
Stem BH** diameter 

Stem center diameter 

Stem top diameter 

Total /olume of stem 

Palm No. 3 Y*~* Height of stem ---------------------------
Stem BH** ciameter 

Stem center diameter 

Stem top diameter -----------------------­
Total volume of stem -------------

Tl'e average age of selected pa!ms was 60 years plus. 

Sawn green materials in the form of bolts: 

25.6 meters 

36 cm 

27 cm 

19 cm 

1.46 cu. m. 

21.4 m~ters 

30 cm 

26 cm 

19 cm 

1.13 cu. m. 

1,20 meters long, 60 mm x 60 mm cros section were treated by 3% 

solution of Pentachlorophenate to prevent attack of mold and wood 

staining fungi before packing in the plastic cover and crating. 

Crated materials were shipped from PCA-Zamboanga Research Center to Austra­

loan National University Forestry Department, Canberra, A.C.T., Australia 

which took considerable time from port of Manila to actual delivery to 

A.N.U. (approximately 4 months). The materials arrived relatively in good 

condition with slight attack of wood stairing fungi and mold and were stored 

in cool room for a further 3 months. 

Preparation of Testing Specimen 

The selected bolts were divided into two groups: 

(a) green specimen (fully saturated) 

(b) air dry specimen (12% moisture content) 

** See footnote on previous page 

*** See footn.•e on previous page 
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Care was taken to have reasonable proportion of the testing specimens "green" 

and "air dry" in each density group. 

From the adjusted length of each testing specimen, a sample ~as taken for 

the determination of moisture content and basic censity. 

The Specimen Dimensions a~d Type of Test 

SO mm x 50 mm standard: 

50 mm x so mm x 7SO mm Static bending (c".!nter point loading) 

so mm x so mm x 200 111111 Compression parallel to grain 

so mm x 50 mm x so mm Compression perpendicular to grain 

so mm x 50 mm x so mm Shear test 

20 xx 20 mm standard: 

20 mm x 20 mm x 300 111111 Static bending (center point loading) 

20 mm x 20 mm x 300 mm Impact test 

20 mm x 20 mm x 70 mm Tension perpendicular to grain 

20 mm x 20 mm x 45 mm Cleavage 

20 mm x 20 mm x 60 mm Compression para lle 1 to grain 

20 mm x 20 mm x 20 mm Shear test 

In the Part I of t~st for green and air dry specimens, it was decided to use 

for "Static Bending", "Compression Parallel to Grain", and "Shear Strength" 

both specimens SO mm x SO mm and 20 mm x 20 mm cross section; and supplem-

e~tary range for different strength properties, using only specimer 20 mm 

x 20 mm cross section. 

Bolts selected for air dry testing were cut to approximate sizes (with allow­

ance for shrinkage during drying) and kept in conditioned room with approximat­

ely 20°c temperature and 6S% relative humidity*. 

* Any wood kept in this atmospheric condition for a period of time will event­

ually reach Equilibrium Moisture Content approximately 1?4. 
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(a) Shimat=u test!ng machine was used for specimen 

50 mm x 50 nun cross section. 

lb) Amsley testing machine was used for specimen 

20 me~ x 20 nun cross section. 

Both testing machines were regularly checked and calibrated by the National 

Association of Testing Authorities, Australia (NATA). 

One of the roconut palm wood chdracteristics is the very large deviation 

in density most pronounced in the radial direction at any given height of 

the stem. For this reason, specimens of small cross section as 20 nun x 

20 mm have more uniform density (specific gravity) wh~n taken at the cross 

section at any height of the stem. Further, small cross section specimens 

can be representative of a very high or very low average density which 

could not be obtained in construction material dimension sawn from coconut 

round wood. E.g., the large density gradient of a cross section of round 

wood limits sawmill recovery of large cross sections material. 

To obtain better values for structural materials of a considerable density 

variation, the mechanical testing of small clear specimen has been followed 

by test~ full size sawn coconut palm wood intended to be used for construction 

purposes (light frame housing construction). Results and evaluation of the 

full size tests are discu~sed in Part il of this report. 

Test Part II 

The tests for mechanical properties were reduced to: 

(a) Static bending (center point loading) 

(b) Compression paral1el to grain 

(c) Janka hardness test 
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Only specimens of 2C mm x 20 mm cross section were used in the 

green and air dry conditions. 

Selection of bolts for Test Part II 

Three palms were selected by similar process as described in the 

selection of specim~n the Test Part I. 

P3lm No. 4 - Stem height (fron butt 

to first leaves)-------------------------- 20.l meters 

Stem butt diameter*----------------------- 38.8 cm. 

Stem top diameter------------------------- 17.9 cm. 

Total volume of stem---------------------- 1.071 cu.~. 

Palm No. 5 - Stem height ------------------------------ 18.4 meters 

Stem butt diameter*----------------------- 37.6 cm. 

Stem top diameter------------------------- 19.l cm. 

Total .. volume of stem---------------------- .977 cu.m. 

Palm No. 6 - Stem height ------------------------------ 16.2 meters 

s~em butt diameter*----------------------- 35.8 cm. 

Stem top diameter------------------------- 18.0 cm 

Total volume of stem----------·------------ .818 cu.rn. 

The average age of selected palm stems was 50 to 60 years plus. 

NOTE: Test Part I. 

Selection of the "bolts" and eventual!y the testing specimens 

were located in the lower portion of the stems, e.g., between 

the height 1.20 meters above the stump and 11.20 meters of a 

stem heigh~. See Figure IA. 

* Stem diameter measured over the bark. 
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A and C discard 

The testing specimens were pre-machined at the PCA- Zamboanga 

Research Center and carried•• excess baggage to N.N.U., Canberra, 

Australia. 

Final prepardtion of epeci•ena tor testing, air drying and deter• 

mination of aoiature content, basic den•it1 were processed in the 

UniveraitJ Laborator1. 
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NOTE: Test Part II 

Selection of the "bolts" and eventually the testing specimens 

were located in the higher portion of the stems, e.g., between 

the height 2.6 m above the stump and 16.2 m of a stem height for 

the Palm No. 4. For the Palm Nos. 5 and 6, bolts were selected 

up to 13.6 height of the stem (bolt No. 6). See Fig lA. 
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Table I-1: The average ultimate strength properties for Coconut 

Palm Wood (Cocos nucifera) obtained from standard test 

of small specimens (20 mm x 20 mm and 50 mm x 50 mm 
standard). 
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4. BRIEF DESCRIPTION OF DERIVATION OF STRESSES FOR THE CONSTRUCTION 

SAWN WOOD. 

(i) Unit stresses are based on defect-free green wood 

(for long duration of !oad). 

(ii) Basic working stresses are based on ~ood grade and 

moisture condition. 

(iii) Design stresses are based on the condition to which wood 

is exposed to end use and where all allowances are made 

for such particular wood service. 

Unit stresses are not design stresses b~t represent the first stage 

from which design stresses are derived. 

Wood Variability 

All commercial woods like all other ma:erials have inherent character­

istic variability in their properties - coconut palm wood displays a somewhat 

larger ra~ge of variability in the physical and as a consequence in the mechan­

ical properties. 

To make differentiation between inherent variability and variability 

caused by defects ~n the wood, the stress level are determined in such a 

way that there is only a small probability that a piece of wood assigned 

to a particular group or density group will have reduced strength below 

this assigned value. 

~he selected stress value is referred to as at the one percen exclu­

sion value or lrJwer probability value, e.g., that only one piece of wood in 
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a bundle of or.e hundred pieces of a given grade is expected to have a 

lower stress value. 

Wher. the lower probabi 1 ity value (exclusion value) is chosen as 

one ?ercent, then the bending strength (extreme fibre stress unit in bend­

ing) which is derived from the modulus of rupture is determined by: 

Ave. value of ultimate bending strength minus 2.33 x SD*/2.22. 

See the values of average bending strength and standard deviation in 

Table 2. 

Wh~n other level of exclusion is desired as: 

l •: - multiply standard deviation by Z.33 .. 
2. 5~~ " " " " 1.96 

5•1 " " " " 1.65 '• 

10·1. " " " 1.28 

The level of exclusion depends on the appiication or on the import­

ance in design and use of particular wood properties. 

The normal frequency or probability curve for a given conventional 

wood species and its properties is a single histogram and a single curve. 

(See also Fig.2) 

The approximate form could be obtained by drawing a smooth curve 

to fit the out line of the histogram. The curve is known as a frequency 

or probability curve for the population and is defined by two constants: 

(a) mean value at the apex of the acurve; and 

(b) standard deviation (the measure of distance along the 

horizontal axis from r.he mean to the point of inflect­

ion of the curve). 

* Standard deviation 
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The large density gradient and consequently variable mechanical and 

other properties leads to the introduction of density grouping as a first 

step in grading coconut palm wood. The range of basic density (specific 

gravity w~thin the palm stem is approximately between limits 200 kglm3 

(.2 clcm
3

) up to 900 kglm3 (.9 glcm
3
). To segregate wood for different 

end-use, three density groups were established as described before. 

The limits of lowest and highest density could be recovered only for 

small laboratory samples. Sawn wood of structural size is based on average 

density representing each density group, e.g., average density of a sawn 

wood is considerably below or above the density limits. 

For the above reason, ~he standard testing specimens 20 mm x 20 mm 

represent a range from minimum to maximum obtainable density. 

The values obtained from the test procedure for the mechanical pro­

perties were tabulated in relation to the basic density (specific gravity) 

of the specimens and the values assigned to appropriate density group. 

Fig. 2 shows a dra~ing of a histogram for the full range of modulus 

of rupture obtained from the testing of coconut palm wood specimens of 

different densities. 

The four probability curves were drawn such that each represent a 

density group. 

Table 2 shows maximum and minimum ultimate values for modulus of 

rupture obtained for each density group. 
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4.1. Dete!.'"lllination of Unit Stress 

Extreme fibre stress in bending expressed as: 

X - (2.33 x standard deviation), where 
= 

K 

Fb = fibre stress in bending 

X = mean v3lue of modµlus of rupture 

2.33 = statistical constant used for determining l percent 

exclusion value 

K = 2.22, a reducing value calculated from two factors: 

9/16, the allowance for the effect of long time 

loading 

4/5, a safety factor for accidental overloading, 

errors in design computation, defect in 

workmanship, etc. 

The unit stress for tension parallel to grain: The value could 

be used for the extreme fibre stress. Tension parallel to grain is 

considerably affected by defects such as knots, from which the coconut palm 

wood is free. Where in the design tension parallel tc grain is an important 

factor, the value could be proportionately reduced. 

Stress unit for compression parallel to grain is: 

X - (2.33 x standard deviation); where 

K 

X = mean value of crushing length 

2.33 = statistical constant used for determining 1 percent 

exclusion level 
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K = 1.66, a reducing value calculated from two factors: 

3/4, for duration of load 

4/5, a safety factor for overloading, etc. 

Compression Perpendicular to Grain: 

Compressive stress value at proportional limit is reduced to 75 per-

cent. 

Shear: 

For shear, the reducing factor value is 5 to 6 or use the 

same formula as for extreme fibre stress unit 

X - (2.33 x standard deviation), where 

K 

X = mean value of shear 

K = 2.25 

Shear for the joint could be increased by up to 50 percent. 

The mean modulus of elasticity is taken as a basic value and is 

used for calculation of deflection. Where in the design deflection of an 

individual member is critical, modulus of elasticity could be taken as 

minimum obtained by reducing the average value by 2.33 times standard 

deviation. 

* The formula commonly used in Australia is: X • GF/412 where GF is the 

grade factor (typically 0.75 or 0.60 for coconut palm wood. The tradit­

ional Australian formula would give basic working stresses about 30% less 

than those given here. 
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4.2. Basic Yorking Stress 

As the unit stress value appies to defect-free pieces of wood, 

basic stress is deLermined by: 

(1) Grade value which is a modification of unit stress by a factor which 

is called strength ratio. (Strength ratio is the ratio of grade stress 

value including permissible defects to the corresponding unit stress 

for the wood free from all strength-reducing defects. 

Therefor, strength ratio of wood "grade 80" means that permitted defects 

will reduce "unit stress value" by 20 percent, and "grade 60" means 

that permitted defects will reduce "unit stress value" by 40 percent. 

(2) Moisture condition of the wood - usually two moisture contents are con­

sidered, n~~ely, gr!en wood and air dry to a range of equilibrium moist­

ure contents which vary about 15 percent moisture content. 

4.3. Design Stress 

Design stress is basic working stress modified according to exposure 

to unusual conditions such as high winds and is usually based on design judge-

ment. 

4.4. The Effect of Th~ee-Point Loading (c~ntre-point loading) Used in 
Testing Procedure. 

It is known from experience that the resulting values for small 

wood specimens tested by the centre-point loading method indicate s~me­

what lower values for modulus of rupture than are obtained from the four­

point loading method. 

The increased values couad be as much as 3 to 15 percentgreacer 
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which on average gives correction factor of 0.9. 

4.5. The Effect of Three-Point Loading Method on the Value of 
Modulus of Elasticit7. 

For both methods, three-point loading or four-point loading, the cen­

tre deflection includes deflection due to shear which depend on the value 

of rigidity. (Approximate value of modulus of rigidity is MEl15 for convent­

ional wood). 

The shear effect on the value of modulus of elasticity for some wood 

species tested by three-point loading method decreases the value of modulus 

of elasticity by up to 20 percent. 

4.6. Th~ Eft~ct of Slooing Grain on Coconut ?alm Wood. 

All the small coconut palm wood specimens tested for mechanical pro­

perties were celar of all defects except "sloping grain". 

Sloping grain includes variation: Cross grain 

Diagonal grain 

Interlock grain 

Spiral and wavy grain 

Sloping grain is an important characteristic of wood in general and 

has a considerable negative effect on wood strength properties as shown in 

the following table. 
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25 - in 25 - in 25 - in 25 - in 25 - in 
Sloee or g:rain ~00 - 400 - ~00 - 2~0 - 200 -
Reduction in 
strength in 0 20 30 40 50 
beaa (percer.t) 

Drawings A and B show the slope of growth rings (R) to longitudinal axis of 

the sawn timber from coniferious wood and its value could be calculated as 

the ratio xly. This is not necessarily the same as grain slope which is 

more difficult to measure, especially in some tropical hard woods and a 

scribe is normally used. 

A 
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Drawing C shows arrangement of vascular bundles in palm wood where 

individual bundles deviate from the longitudinal axial direction. 

c 

In reference to sloping grain in coconut palm sawn wood the best 

description to apply is cross or interlocked vascular bundles. The vas­

cular bundles do ~ot follow the straight axial direction and deviate indi­

vidually as seen in drawing C above. 

The vascular bundles characteristics is an inherent property of 

coconut palm wood and it would be nearly impossible to obtain specimens 

free of this property. Therefore, all tested specimens and obtainLd 

property values include this characteristic. 

The cross vascular bundles are more apparent than real and have 

probably less influence on the strength of coconut palm wood than sloping 

grain in conventional woods. 

Monocotyledons and the genus coconut palm do not increase diameter 

by secondary thickening as do the dicotyledons or confierious S?ecies which 

yearly form layers of new wood which in the longitudinal direction form 

the grain lines. 
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One of the major differences between conventional wood-producing 

species and monocotyledons is that in the former, vascular bundles are 

arranged in the ring or enclosed in vascular cyliners; and the latter 

has vascular bundles scattered through the central cylinder or stem. 

When round coconut palm wood is sawn at the tangeential and radial 

longitudinal surfaces, ~ascular bundles appear similiar to conventional 

wood grain with the difference that vascular bundles are not projected 

through depths of sawn piece of wood. Therefore, unless whole sequences 

of vascular bundles are inclined to the edge or surface the effect is not 

critical. 

The types of failure in static bending for the small speci~ens are 

discussed toge~'.1er with types of failure for full size specimens. 
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Table 1-3: Average Values for Physical and Mechanical Properties 

of some timbers to be used as a guide to compare values 

with coconut palm wood. 
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* Classification: ~ = hardwood, S = softw~od 

l/ Moisrure Ccndicion: C = green condition, D = dry condition 

2/ Strength Group: See tables 4 and 5, "The Gr11ding of coconut 
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CClllpreu ion She•r hrdness Toughness Cleav•ge ·Strength Borer 
Strength Strength (dde) Strength 

Croup Y Susc•ptil>i-

llty ~/ 
MP a MP a Nevton llewton-ter N/-

•8 l JOCJO lJ - Sj lS 

lO 7 JJOO 27 - S4 LS 

'9 fZ '°°° 34 - w 

!t 4 1150 l - SJ - L5 

41 8 4250 13 u Sl u 

2' 6 2,512 - - S.5 Ii 

41 ' .31,0 - - D5 -
" 15 tc!50 u 104 Sf JI 

30 6 1}12 - 47 lishc 5' LS 

..a - 1800 - -
.. 
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Con't. ll Borer Susceptibility: = LN = commercialy non-susceptible, 

i.e. either immune to attaCK or rarely attacked by Lyctus; 

AS susceptible to attack by Anobiid borers. 

~/ Shrinkage: See Table I-4 for Shrinkage Classification 
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Table 1-4: Shrinkage Classification 

Deecription Shrinkac• troa creen \O o•en-d17 00 
C·! ehrinkage 

f&ft4r•ntial Radial 

Yery lov 0 - 3.5 0 - 2 
Lov 3.5 - 5 

2 - ' 
Mediua 5 - 6.5 

' - 4 
High 6.5 - 8 • - 5 
Very high 8 plua 5 plue 
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PART II - FULL SIZE SPECIMEN TEST 

1. FULL SIZE SPECIMEN ''IN-GRADE TEST" FOR COCONUT PALM WOOD STRUCTURAL 

MEMBERS 

The full size cross section of coconut palm sawn wood was tested 

by PCA-FAOjUNIDO (Coconut Wood Utilization Project RASj8ljllO, Zamboanga 

Research Centre) in co-operation with the Forest Products Research and 

Development Institute whose testing laboratory was used. 

The full size specimen test was conducted to obtain comparable data 

in relationship to the small size test. 

the processed data from both tests were used to determine strength 

group and stress grade classification for coconut palm wood. 

Testing 

Static Bending - Four-point loading to maximum load applied 

parallel to largest dimension of a specime~ 

cross section (edge loading). 

Specimens were tested in such a way that the highest density wood 

close to cortex was not necessarily in cension. The speed of loading was 

calculated on the basis of the depth of the specimen. 

Properties Data Obtained: 

(i) Modulus of elasticity 

(ii) Modulus of rupture 

(iii) Bending str~ngth at proportional limit 
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Supplementary Data 

(i} Types of failure under maximum load 

(ii) Lateral stability of specimens with larger ratio of depth 

to width. 

In acdition, a limited number of wood joints were tested for "static 

bending" (4-point loading) with length of specimen 21 times depth. 

Hardness Test (Janka Test) data were obtained for side and end 

hardness. 

Testing Specimen Selection 

Fourteen palms were randomly selected repres~nting the plantation 

average - height varied ~etween 16 and 25 metres; all were aged approxi­

mately aged 60 years and over. Stems were cut into pieces 3 to 5 metres 

long up to 20 metres height (e.g., from each seem, 4 pieces of round wood 

3 co 5 metres long were obtained). 

Fourteen (14) coconut palm stems were randomly selected from the 

PCA-ZRC plantations for full-size test specimens: (See table on following 

page). 
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Height 

Stem No. Stump to Average 
Volume ' ' Diameter •1'.irst Leaf 

(m) (cm) (m3) 

1 22.1 27.25 1.29 

2 22.9 24.75 1.10 

3 24.8 28.0 1 .53 
lo 22.6 23.5 c.98 
<; 24.1 28.0 1.48 ,I 

f 23.7 26.75 1.33 

22.2 2?.0 1.27 
8 24.5. 29.5 1.67 

9 21.6 28.25 1 .35 
ic 24.1 27.25 1.41 
11 22.L+ 26.25 i.21 
12 23.5 29.5 1.61 

13 19.7 28.0 1. 21 
11+ 21.4 27.0 1.23 

Round wood logs were sawn to recover maximum number of sawn 

material for the end use as constr~ction ~ood. All sawn material 

in green condition was visually graded to represent two basic density 
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groups: (a) 
3 600 kglm and above, and (b) 400 to 599 kglm3. At the 

same time, green moisture content was calculated by oven dry method. 

Selected material was stacked, stickered and air dried for nearly 

4 months. 

Before the material was shipped to Forest Research Laboratory 

Los B2nos, specimens were regraded and cross cut to lengths representing 

21 times the depth of each specimen. At the same time, mositure content 

by oven dry method and preliminary average basic density* were calculated 

for each indjvidual specimen. 

Unfortunately, larger cross section specimens were unable to reach 

moisture content equilibrium and were tested at moisture contents as stated 

in the tabulated results. 

After testing a sample was cut from each specimen and weighed for 

final moisture content and density determined at PCA-Zamboanga Research 

Centre Laboratory. 

As the tabulaled results show, a number of specimens fall below 

average basic density 400 kg/m
3 

(Table 3). Most specimens of lower 

density represent larger cross sections which underlines the difficulty 

of limitation recovering larger cross sections of a higher density neces­

sary for load bearing members in construction. 

* Basic density determined as ratio oven weight and green volume. (Consi­

derable variation in average density exists in a piece of sawn coconut 

palm wood as determined by a number of samples tak~n along the length). 
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Full Size Speciment Test 

&••rage Moi•ture Coateat of Saael•• vbea teated 

115 x 38 

163 x 38 

150 x 63 

150 x 50J 
150 x 38 

125 x 100 

125 x 15 
125 x 63 

125 x 50 J 
125 x lt5 
125 x 38 

100 x 100 

100 x 75 
100 x 63 
100 x 50 
100 x 1t5 J 
100 x 38 

?5 x ·75 

15 x 50 

15 x 38 

50 z lt5 

50 x 38 
.. , Jt .. , 

38 Jt 38 

50 Jt .50 

A•erage M.C. = 2~ 

A•erage H.C. • 25S 

Awerage M.c. • 181 



I - - -

-rattle u-1 %..Cr .. • P•ll Sis• Speoi••• !eeta .ill epeoilaea load.e4 oa tbe e4p ( hac'aa 2~ t1ae1 ••JI~). 
Sta Uc ,1eacUac (roar-point load lac - •ltiaat• properti••}. Crou HCt ton di1Hnlion•:> so -

Den1lty~ 600 k1/m .. · 

Deaait1 Di•enaion Ave. 
Gro•p H x W .e!•lC aib 

Kc/•' <••> g/c•3 

75 x 38 .?22 

75 x so .692 
100 x ,a .726 
100 • 50 .72, 
100 x 6, .7,, 
125 x '6 .665 
125 x 50 .670 
125 x 63 .800 

• ... 150 • 50 .709 
J 

150 • 6, .625 • .. 75 • 75 .610 ~ 
8 100 x 75 .70 .. 

'° 125 x 75 .750 
163 x 38 .644 

••aa T&lae ... .710 

• ~o1et9Z'e Coa'9at 
.. ,, ... ~ De•iatioa 

? ~ l•ve. ~~ 0 ti 
: • H.C: ~·~ ; ·~ z M. 
en c! " ..n 

.061 18 19 
• 058 18 18 
.088 26 11 

.089 26 14 

• 10lt 26 5 
.Olt7 22 5 
.oa.5 22 5 
.110 22 ' .160 24 3 
.0)6 2 .. 4 

- 18 1 
.0,5 26 ' .008 22 2 

- 24 , 

.070 22 

Average 
Hodulue ot 

Ruoture 
HP a so•• 

51.35 13 ... 9 

59.07 9. 12 
5 ... 61 1:5.52 
54.92 9.74 
58.50 11.62 
.. 6.29 8.1t2 

55.03 8.29 
56.20 7.31 
61.16 21.22 

52.82 8. 12 
1t5.05 -
59.05 17.56 
}}.1? 12.58 
, ... 2 .. -

54.55 10.16 

....... Yalae1 ta'6 fna tM .,.oilleD le11 t.bu 4 
an •' iaol.... in ttM ••an •al••. 

Average Str••• Average 
at Proportional Modulue of 

Li•it Elaeticit1 

MP a so•• 1000 SD .. MP a 

}6.8o 6.66 9.lt1 1.9 .. 
.. ,.,2 ?.2) 11.56 1 .25 
)? •. ?It 10.21 10.8 .. 2.51 
.. 2.65 9.94 11.49 0.91 
41.05 11.08 10.88 1.20 
32.9 ... 9? 10.?0 o.88 

''·"' 4.71 10.90 1.09 
1t2.65 8.94 10.06 0.19 
lt4.96 16.0? 12.28 1.32 
36.25 6.&> 10.46 6.60 
28 ... 2 - 6 ... o -
a.1.79 , ... 81 9 ... 5 1 .95 
29.39 8.51 8.1} o.68 
25.,7 - 10.09 -

,,.12 7.19 10.76 1.46 

&reac~ Gr••• Cl.a.1itioatloa1 Sl 
Pll 

"' "' 



h\le 11-2 In-C,&de Full Si&e SpecitHn 'Peat a All speci11en loaded on tho edge (l•ncth 21 ti••• depth). 
Static Bending (four-point load 1 n« - u l Uaate properUe1) • 

A••• .. 
~i Average Deaait7 Di•enaioa .,, 0 ••• ~••ic 

.. .... 
Hodulu• ot Gro-.p • H x W ·~ M.C. 4 •. !! D•111•-lh "O • Ruoture c .... - 0 u 

la/•' c/c•' • • 2. " <-> ~~ " .g HP a so•• 

1, • )b .515 .060 18 22 31.10 ... 10 

?5 • 50 .521t .06) 18 7 1t2.01 6.79 
100 • 38 .1t90 .059 26 '' 32.51 9.1to 
100 • 50 .569 .011 26 5 '49.?? 10 ... 0 
100 • ,, ... ,, .085 26 ' 31.17 7.75 
12, • 38 .56 .. .052 22 9 )2.?1 9.70 

125 • '° .51t9 .OS? 22 .. lt?.61t '·'° 12, • ,, .1t87 .052 22 .. .. ,.,, 10.36 
150 • ,, .569 - 21t , )8.52 -

~ 

150 • '° ... 96 21t , c.6.5 .. ~ - -
• 150 • ,, .518 .067 21t 5 )8.?0 2.81 

§ .,, • 75 .5,, . o,, 18 ' )8.)? 6.1t3 . 
100 • 75 .i.11 .050 26 ? 29.29 5.06 
100 • 100 .'499 .020 26 ' }it.lt6 ? ... 9 
125 • 100 ..... , - 22 , .}6.'46 -
150 • 75 ... 1, - 2 .. , 1t2.08 -
16, • )8 • 52) - 2 .. 1 J2.8) -

I I I M•• 11alu• ... I .49e l .056 : 2' 35 .11 1.42 
• Moiature Coateat 

•• at ....... Dewiatioa 

... The Yalu•• data troa the epeciaen leaa than 4 are not 
included 1n the ••an value. 

A••r•s• Streaa Average 
at Proportioaal Hodulua of 

l.i•it Elaatici ty 
1000 so•• MP a so•• MP a 

2).6'4 5.5) 6.02 1.16 

)2.'49 ... ,, ?.10 0.17 
22.69 6.82 6.6, 1.8 .. 

35.65 ?.so 9.57 1.06 
2,.,2 6.,, 1., .. , .52 

22.08 
'· 11 7.18 1.62 

,,.1, 5.22 10.26 1.12 

'°.?6 11.19 8.~, 1.9, 
)2.05 - 10.28 -
)2.25 - 8.93 -
28.?1 lt.1) a.,, 0.7, 
26.60 ... , 1 ., ... 1 1.28 
20.26 2.91 5.66 1.15 
22.2) }.)O 5.8 .. 1. 48 
28.92 - ?.O) -
28.69 - ?.80 -
21.06 - ?.81 -

I I I 

25., 7 : 5. 91 ; 7. o~ : 1 • 41 

Strenctb Croup Claeeit1caU01u 8' 
Streae Crad• Cla.•iticatlon 1 ., 

""' " 



Ta~leII-J In-Grad.• Pull ~i•• Speci••n !eet1 All Speci••• loaded on th• edge (lenctb 21 ti••• deptb). 
static lending (tour-point loading - ultiaat• properti••>· 

-I;; """ c I Average 
Den•itJ Dieenaion ~ve. ~ 0 Ave, Average Stre•• Average 

Basic ....... 0 : Hodulue of at Proportional Hodulua of 
H x W ... M.C~ Group IHnaiw ~. .... Ruoture Litli t Elaetic ity 

c: .... - • u . ·-~··-
kci•J <••> g/c•} .. > • 0 ., HP a so•• HP a so•• ,000 so•• 

~~ z. Q, HP a 
"' 

75 x }8 .}57 .on ,8 5 ~.~6 6.}0 18.}1 ... 78 It.?!> 1. 1} 

100 • }8 .}59 .O}lt 26 , 8 20.?1 5.26 14.?} ... }6 ..... ? 0.91 

100 x 50 .280 .054 26 2 12. 29 }.08 - - }°. 10 O.lt} 

100 x 75 .}78 .016 26 2 26. 22 '· ,9 1?.08 2.,, lt.?5 ,.,6 . 
100 • 100 .2 .. , .Olt} 26 ' 18.21 5.05 11.0} 2.98 ... 00 1.61 

125 x }8 .)21 .o 1 Ct 22 4 17.11 6 .1) 12.66 4.88 ..... , 1. 56 

~ 125 x 50 .217 - 22 1 26. 15 - 16.8? - 1+.9E. -
125 • 6} .}59 - 22 , 21t.50 - 17.01 - 5.7} -

JI 
0 

125 x 100 .}20 22 1 15.66 10.90 ) •. , 1 
r4 - - - -• • 150 • }8 .}72 .00? 2'4 2 22.58 9.24 17.96 11.00 l+.88 1.90 

150 • 6} .}56 - 24 1 29.48 - 26.?2 - 6.? .. -
~•aa Yalae••• .,7, .027 24 21.22 5.58 15.oe 4.51 4.52 , .05 

I 

3 The coconut palm wood of basic density below 400 kg/m is not recommended for load bearing construction u1e1. 

Such wood could be used for a number of different uses: inside lining, ceilings, etc., where it is 
fully protected from weather conditions. It is reconvnended to be protected by "Boron" chemicals as 
a protection Against house borers. 

Another use is for temporary and auxiliary buildings such as agricultural sheds, etc, 

* 
** 

*** 

Moisture content 
Standard deviation 
Values from less than 4 specimens 
are not included in the mean values. 

..... 
()Cl 



Table II-4Ia-Crade Pall Sl•• Speci••D T••t1 Al\ 1pecl••n loaded on tb• •d•• (lengtb 21 ti••• dept~). 
Static lending (tour-point loading - ulti•at• propertlee). 

Ave. 

I~ 
~. Average Ave~•1• Str••~l M:J:r~1•or O.••itJ Di••n•ion 8aaic 

Ave 0 & Modulus of at r {>Orhona 
Group " • w Denait~ 

H.C.• • a Rupture L1111it Elaaticit7 
.,, . ......._ 0 ... 

lg/•' <••> g/c•~ c s: • z u 
HP a so•• HP a so•• HP a so•• !t! ! 

. 
)8 a )8 .?71 .010 16 1} 69.5? 1).00 5}.?lt 9.52 io.57 1 • .)? 

• .. , • ..5 .715 .066 16 8 70.10 10.)8 51 .90 5.)9 11.80 1.51 
~ 

J 50 JC }8 .111 .090 16 11t 1t8.C+5 9.11 }6. 19 9. 16 9.2 .. 1.71 • ... 50 JC 50 .?22 .086 16 12 
~ 

66.06 10.98 lt6. 1? 8.06 10.?? 1.17 

8 ...... 
16 62.58 11 .oe 46.27 8.,. 10.4, 1 .44 '° Yal•• ... • 7,1 .079 

" • )8 
... ,, .051 16 2 }8.)5 16. '' 

25 ..... 10.?6 6.)8 2.0, 

• .. , • lt5 .51t7 .0)8 16 .. 52.97 15.22 }).82 8.)? ?.65 1.97 
• "' 50 • )8 .502 • 058 16 12 a.0.99 9. 15 29.01 lt.6 .. ?.89 1.91t 
• 
§ 

.~!an .51, .05, 16 .,.98 10.67 )0.21 5.57 7.8, 1.95 J Ya ue••• 
- - -·- ---.. ~·-- --·- -·- -- ~- -·. ---·--·- -·-·· 

* Moistur~ content 
** Standard deviation 

*** Values from less than 4 specimens are not included in the mean values. 

NOTE: 

3 Density group 600 kg/m and above - Strength Croup Classification: SOS 
3 Density group 400 - 599 kg/m - Stress Crade C\assific~tion : SDA 

The above specimens of a cross section dimension below 50 mm were tested in length 
21 times the largest depth to obtain strenRth information of such material for battens 
(purltns) to be used for support of roofing shingles. 

" 

I 

I 

. 

w 
'° 
' 
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2. C0011ns o• LAIOUTO&T nsn 
2.1. Standard Small Clear Specimen Test - Types of Failure -

(Static Bending - cen~er point loading) 

FIG. 3 

TYPES OF FAILU~ES 1n &TATIC een0tne 

..L 
.srtrlPLE TEneron 

[ -------< 
CPIOSS-GPtAln TEn610n 

[ 
8PLlnTEPtlllG TEnSIOn 

I 

[ 
,, 

E 

.Total •peciaena t••te4s 203 
lf7,_ ot Pailare lo. or Sleciaeu 

CroH c:r&in ten8iOD 107 

Splinteri~ tenaion 82 

lruh wn•ion 2 
lori&ontal •bear• 1 

Cro•• 1rain and •Plinterinc tendon 10 

Percentye 

5:5.0 " 
40.5 " 
1.0" 

0.5 " 
5.0" 

• Borisontal •hear !ailare V&I ob••rT•4 !or a,specimen tested in 
•r•en condition vitb ba1ic den1it7 .9, •tea (hi1he1t den1it7 
•P•ciaen t••t•d) • . • . 
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2.2. Full Size Specimen Test - Types of Failure -

(Static Bending - four point loading) 

Total specimens tested: 296 

Type ('f failure No. of specimen 

Simple tensi·-1n 41 

Cross grain tension 213 

Spl interir;g tension 9 

Brash tension 10 

Compression 9 

Simple and cross grain tension 2 

Cross grain and splintering tension 10 

Splintering tension and compression l 

Simple tension and compression 

Percentage 

14.0 ., 
'• 

72.0 '· 
3.0 "!,, 

3 .o ·1. 

3.0 •. 
'· 

1.0 % 

3.0 ·1. 

0.5 % 

0.5 ., ,, 

2.3. Commer.ts on the failure of coconut palm wood under maximum load 

In both tests (small and full size specimens) cross grain f~1il-

ure is dominant. 

As cross grain (vascular bundles) is an inherent characteristic 

of coconut palm wood, all specimens were tested for a number of mecha­

nical properties with this characteristic and it is included in the 

obtained properties data. 

It is recommended that if a piece of wood is chosen as a beam 

or joist for a particular demanding design where maximum strength 

properties are necessary, to check by visual inspection for the level 

of inclination of the vascular bundles to the edge of the wide surface. 

Low density coconut palm wood has a tendency towards "spl.inter 

tension failure". 
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No different types of failure were observed between green and air 

dry wood. Under a final maximum load, air ory wood specimens break some­

what more rapidly than those in green condition. 

2.4. Summarv of structural classification 

The following are the 'best estimates' so far possible base~ on the 

data obtained during this project: 

Hard Grade 

(density above 600 kg/m3 ) 

Strength Group 

Unseasoned 

Season"d 

Joint Groups 

Unseasoned 

Seasoned 

Sc.ress G:-ade 

Unseasoned 

Seasone:i 

53 

505 

J3 

JD4 

Fll 

Fll 

Medium Grade 

(Density 400-600 kg/m3 ) 

56 

SD8 

J4 

JDS 

FS 

FS 

~CTE: A conservative estimate has been made for the joint group 

classifications. 
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3. DENSITY EFFECT ON THE PROPERTIES OF COCONUT PALM WOOD STRUCTURAL MEMBERS 

A close correlation exists between density and the mechanical proper-

ties. 

Density variation: 

The range of density of coconut palm wood is so large that it is 
l/ 

necessary to grade sawn ~ood (preferably green, directly from the saw)-

to density groups. 

The density groups were used at the PCA-Zamboanga Research Centre. 

Each density group represents, from the technical point of view, different 

kinds of wood with characteristic properties and different end-uses. 

The tabulated· results from both tests (small and full size specimens) 

are arranged and classified by ~~nsity groups. As was discussed already, 

small ~tandard specimens (20 nun x 20 nun cross section) have more uniform 

average density. The full size specimen density variation is con5idera~ly 

larger. 

Coconut palm wood should always be flat sawn in order to rec~ver 

material with minimum density variation. 

The drawing on the following pag~ explains and shows the range of 

the density variation between two surfaces of a piece of wood, 50 mm thick 

when sawr. from this particular location in the data for full size specimens 

sLrongly influences by the large density variation. The standard rule used 

!/ Some authorities advise grading by density after kilning to allow drying 

defects to be taken into account and to base the classification on ~ more 

constant moisture content. 
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11pre • 

I 
I 400MG./lfl3 
I 
I 
I 
I 
I 

t a 4 " ~ IO " u t3 t4 .. 

for the small specimen test (static bending) was that the stronrer side 

(close to cortex) was placed in such way as to be in tension. This rule 

was not applied for the full size specimen tests. The full size ~pecimen 

t~st was to include the effects of randomly located defects. 

Any grading system will only be effective if there are simple means 

to control classification of sawn wood to assigned density groups. 

This subject is discussed in detail in reports on coconut palm 

wood grading. 
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3.1. Modulus of Rupture 

To II shows ultimate mean value of the modulus of rupture for: 

(i) Standard small specimen - Static bending (3-point loading) 

(ii) Full size specimen (depth over 50 mm) Static bending 

(iii) Full size specimen (depth below 50 nun) (4-point loading) 

Table II-5: Comparison of Small and Full Size Specimens on 

Test Results 

Sta1tdart •all hll .1 .. • ,.cie•• •Mciaeu 
••JUI lazser tllu ••1Ui 1 ... Ua&a 

~aeitJ' 
50• '°-••u .al•• ...... i.. sro•1 .&Te. 'llulc lleaa Tal•e ...... ... 1 • ......... 1 • .... 1_ ol o• ••u.l'J' el Ill• •••i'J' ol 111• 

q/9' s/•5 ... al•' . .. •'•' ... 
,00 ... .10 " .11 55 ·1' ,, ....... 
400 

'° .51 55 .50 ,5 .51 " 5,, 

Mlow 
400 • 51 26 .,, i1 - -

·-- --
~ Modulus of Rupture 

Depth Effect: 

The effect of depth on the strength of conventional wood 

has been studied by many wood technologists. It has been shown 

that modulus of rupture at maximum load decreases as the depth 

of beam or joist increases. This usually apply where r'.1e depth 
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is greater than 300 mm. Normally beams below 300 mm are used without any 

modification. 

Coconut palm sawn wood is technically and physically restricted 

to a maximum depth up to 175 mm, 63 mm thick and therefore should not 

be affected. 

From the t~bulated results of standard small and full size specimens 

of different dimensions, it can be seen that modulus of rupture is affected 

by the joist or beam depth in a similar way to conventional woods. 

In the derivation of stress grade from the small specimen test, 

the effect of depth is included in Lhe reduction factor, 

MR - (2.33 x SD), where 
2.22 

Fb = unit working stress in ~ending 

SD = standard ueviacion 

The same factor is usec t~ derive strcs~ grade for the full size spe~imeP. 

It is possible that some depth moditica~ion for zr3de stres~ of 

coconut palm wood joists uill be appropria~e. 

~o investigation has been mad~ on th~ effect ol dEpth o~ other 

mechanical ?roperties. 

The srrength-depth relationship is a subjc~t of future study com­

bined with correct interpretation of the test daca fro~ gre_n and air d~y 

specimens. 

As ~an be seen in Table 5. Jensity of wood (sp~tific g~avicy) is 

the mosc important factor reducin~ the value cf mndul~s of ruptur•. 
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3.?.. Modulus of Elasticity 

Table II shows mean value of the modulus of elasticity for: 

(i) Standard small specimen - Static bending (3-point loading) 

(ii) Full size specimen (depth over 50 nn f Static bending 

(iii) Full size specimen (depth below 50 rmn)"l.(4-point loading) 

Table II-6: Comparison of Small and Full Size Specimens on 
Test Results 

Stuula:-4 .. all Pdl dH apeei••n 
•-ciaeu 

JleDll1'J' 

A••· •aaicl ll••n •ala• 

•eptb lar .. r tbaD •eptla leH tJaaa 
50- 50• 

croap A-re. 11 .. 1c ll•u Talue AT•. 11u1c lle&D T&lae 
••nlit7 or a• 4eaa1t7 of KS• JeUltJ' of a• 

q/•' •lea' llPa ·'·'· .... •'•' llPa 

600 
aDCI .10 10857 .71 10760 .n 1,,.,o 

&110•• 

400 I 
to .51 '880 .50 7020 .51 7''' 
599 

11elov .,1 ,100 
400 

.,7 4520 - -

* Modulus of Elasticity 

As can be seen from the Table II, modulus of elasticity is nearly constant and 

is not affected by the depth of a specimen. 

Modulus of elasticity increases only for the air dry wood. 

Density (specific gravity) is the most important factor affecting the value 

of modulus of elasticity. 
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Different testing procedures were used fur small and full-size 

=~~~=-=~ns in static bending with the former being :ested by centre-point 

_ : . .; : ~ -=--~ method and the Jatter by fo'Jr-point loading method. It was expect­

~~ ~==~ lower values of modulus of ela5ticity would be obtained from the 

:?ecimen test since it was subject to shear deflection. 

:~ere is no indication from the obtaine~ values that specimen size 

:_::c=ent type of loading in static bending affected modulus of elastic-

::~ coconut palm wood. 

~ general, many conventional timbers tested by four point loading 

-- -- ·- increase the value of mQdulus of elasticity in comparison to three 

: - _ -: :.:ading method-

"?""-_-:: :iiER COW.-tENTS ON COCONUT PALM wooO 

=~:ef comment on the standard small specimen test and compression 

~~~allel to grain. 

::-.-: values of "Janka Hardness" obtained from the ful 1 size specimen 

:i=: at Los Banos, Laguna, Phili?pines. See 1able II-7. 

?i:ationship between modulus of rYpture and modulus of elasticity, 

=~~~l-!S of elasticity and unit stress, tasic d~nsity and modulus of 

~lasticity, basi~ density and modulus of rupture. See Figs. S-11. 

::-=:-;:ssion Parallel to Grain 

The mean values of compression parallel to grain obtained from 

::.;-~a~c small specimen tests are relatively high. 

:ne mean values were obtained by 1.sing two types of standard test 
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(i) Standard 50 mm x 50 mm x 200 mm with loading speed 

of o.6 mm/min. 

(ii) Standard 20 mm x 20 mm x 60 mm which should have 

loading speed as low as 0.18 to 0.01 mm/min. It is 

possible that the loading speeds for 20 mm specimens 

were higher than the given values. 

As the obtained data from both types of specimen were combined, 

it is possible that some errors were introduced. 

The second reason for relatively high values is that the 20 mm 

specimen has higher density values (20 mm cross section specimen has mo­

re unifcrm density and individually could reach up to .9 g/cm3 ). 

Types of Failure Observed During Test 

(i) Crushing 

(ii) Shearing 

the plane of rupture is approximately horizontal. 

the plane of rupture is 45° or more to the horizontal. 

The types of failure were approximately equal in number. The higher 

density wood tended to have shearing failure and the lower density wood 

tended to hav~ crushing failure. 
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till.&11-7 

Janka Bardn••• Teat 

A••rac• 
Condi- DenaitJ llo•inal Tangential 
tion Group Deneit7 

and ltg/•J M_C_ 

• 886o!/ > 
0 

13aoY .a • .6911 -0 
8.}0 c .01+# .. • r:: • 0 1~ .. 0 a '° 0 

0 

• 5610 y 
"" :I CJ' 

160Y ~ CJ' 
G "' -.4 675 .56 JI 0 I 
::c 

0 
.01+8 !!/ 0 ._ -7 

'° 7 21 r 

0 
2190 y .. 

""' 0 2060Y "" 0 
'O ..# 

400 .33 JI 
"" > 
~ 0 

.091 !!/ c .... 
• .a 

2 21 

.!/ Mean •alue 

£! Standard jeviation o! aean •alue 

'}/ A•erage basic denait7 in s/ca3 
~ Standard de•iation of basic deneit7 

2/ Number of specimens tested 

Radial End 

Nev tons 

8?so!I 
1iJQ!I 

91Jto!I 
151oY 

.6fJJ./ .69l/ 
.04~ .oi.~1 
·1,.2/ 1~/ 

5390 y 5J40 y 
10?0 y 860 y 

.56 21 .56 )./ 

.048 y .046 !!/ 
3 2/. 5 21 

2190 y 1590 y 
2060 y 68o y 
.}J J./ .}} JI 

.091 !!I .091 y 
2 2.1 22/ 
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PIGUU S 

Staa4art Saall Clear ~reen Speciaen Teet 

Static Jen41ac (three-point loa4inc) 

Linear lelationahip Jetveen Koialaa or Slaaticit7 an4 Kodalaa or laptare 

I I . . 

V = 103.35X-1073 .06 

:1 __ ;f ' •. 

1·~ e ~~ea»~~ 6 ~em 
mooULU& OF RUPTUU! n mPa 
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FIGURE 6 

Standard Small Clear Green Specimen Test 

Static Bending (three-point loading) 

Linear Relationship Between Modulus of Elasticity and Unit Stress 

~ 

c 
:J 

- Y: .002SX - 4.12 

. . 
I 

! .. 
•O • 

! I I ! I I I 

. . 

. . 

·· . 

I I 
-- MOOUUJ& OF ELA&TICITY 1n mPa 

I 
s I 
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PIGOU 7 

Stan4&ri S.all Clear DZ7 Speclaen Teat 

Static lencliBC (tbne-poiat loadinc) 

•Linear lelationabip letveea KCHlalaa of llaaticit7 &Di KCHlalaa ot laptare 

. 
16000; 

• 

.. oooi • 
~ '4000~ • 

~ Q0001 

- 0000-j . 
> I 

. 
~ 11oOo • u 
i= IOOOO 

d) • 
c( 9000 .. 
m llff• 
~ 7- Y= 128X -625.84 

~HOO 

~=1 
>0001 

' eoooi 
•000~ 

' . I 
0 ., zo JO Cl ., i6 i6 ., ., 

ICO 10 ' .., l90 l40 .., .., 
mcouLUS a= RUPTURE 1n mPa 



- 54 -

l'IGURE 8 

Stan4ar4 Sllall Clear Drr Speci••• teat 
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5. SI - SYSTEM INTERNATIONAL UNITS 

Unit of Force: Newton (N) 

One Newton (N) is the force required to accelerate a mass of 

one kilogram (kg) at the rate of one meter (m) per second 

squared in the direction of applied force. 

l N = 

g 

NOTE: 

therefore 

or 

Unit of Pressure: 

l m , where x 
second2 

acceleration force 
2 

9.81 kg :n/sec 

l kg f = 9.81 Newtons (N) 

N ~ .101 6 f 

l N z .225 lb f 

Pascal (Pa) 

Pascal is a pressure or stress which arises when a force of 

one Newton is applied uniformly over an area of one meter square. 

l Pa • N/m2 

therefore MPa = N/mm2 

SI Prefixes: 

Giga symbol G multiplyi'lg factor 109 \1 billion) 

Mega symbol H = Factor 106 (l million) 

Kilo symbol K :; Factor 101 (1 thousand) 

SI prefixes are combir.ed with unit name as: 

HP a :; Mega pascal ~ 10
6 Pa 

kPa = Kilo pascal = 10
3 Pa 
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Units of Density (specific gravity): Kilogram/cui>ic meter (kgtm
3

) 

) 
Gram/cubic centimeter (g/cm ) 

British Imperial Units: 

.., 
Unit of Pressure: Pound force per square inch (lbf/in~) 

~ote: l N/mm2 = l MPa = 145 lbf/in2 

Unit of Density: Pound per cubic feet (lb/ft
3

) 

Note: 1 kg/m3 = .0624 lb/ft 3 

Conversion of SI Units to British Imperial Units and vice versa 

Examples: 

1. MPa to lb/in 2 antl vice versa (Conversion factor 1451 

given: 8300 N/mm2 
= 8300 MPa = 8.3 GPa 

therefore: 8300 N/mm
2 x 145 = 1203500 lb/in

2 

2. 

= 1.2035 x 10
6 

lb/in
2 

given: 100000 lb/in 2 (10 5 ., 
lb/in-/ 

therefore: 105 lb/in2 

145 = 689.655 N/mm2 
= 689.655 MPa 

3 3 kg/m to lb/ft and vice versa (Conversion factor = .0624) 

given: 500 kg/m 
3 

therefore: 500 kg/m3 x .0624 = 31.l lb/ft
3 

given: 40 lb/ft 3 

therefore: 40 lb/tc
3 = 641 kg/m

3 

.0624 



- 6Cl -

3. kgf /cm2 to lbf/in2 and vice versa (Conversion fact)r = 14.2) 

2 
100 kgf/cm given: 

therefore: 
2 100 kgf/cm x 14.2 1420 luf/in

2 

given: 1850 lbf/in
2 

therefore: 1850 lb/in2 

14.2 

2 
l3J.28 k~f /<:~ 

To convert SI Units as: 

l. 
2 kgf/cm to MPa and vice versa (Conversion factor = lQ.2) 

Examples: given: 100 kgf/ c :n 
2 

therefore: 100 kgf/cm 2 2 
10.2 = 9.B N/mm 

given: 12.7 N/mm 
2 

= 12.7 MP a 

9.8 

therefore: 12.7 MPa-x 10.2 129.54 kgf /cm 
2 

= 

2. kg/m 
3 g/cm 

3 and vice to versa 

Examples: 450 kg.'m 
3 .45 g/crn 

3 
= 

.62 g/cm 
3 620 kg/m 3 

MP a 
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!elationship Betveen SI Onits and British Units 

•illiaeter <-> 

:c 
.,. centimeter (ca) 

z 
Cal 

..:a 

Cal 

....: 
:i 

..:a 
0 

> 

... 
:c 
0 

.... 
w 
> 

aeter (m) 

2 meter square {• ) 

centiaaete:r 

square (ca 2 ) 

cubic meter <•'> 

cubic centieeter 

(c•}) 

kilograa (q) 

1 - • .0394 inch 

25.4 - • 1 inch 

305 u • 1 root 

1 c:a • 10 .. = .394 inch 

2.54 ca • 1 inch 

30.5 ca • I foot 

1 • • 39.4• = 3' 3 3/e• 
1 a • 100 ca 

1 •• 1000 ... (193 .aa) 

1 • 
2 

• 1 , ooo, ooo - 2 
( 1 o' - 2

) 

• 1 o , ooo ca 2 ( 1 o• ca 2 ) 

• 10.e rt2 

2 
• 1550 in 

1 ca 2 = 100 ,,.,.2 

2 . 2 
6.45 ca = 1 inch 

1 ca 2 • • 155 ,,.c,.'l 

145 ..... z. I lrtCfl 
I 

1 •' ::s 1,000,000 c•3 (106 ca}) 

f ·'. 1,000,000,00J _, (109 .. 3) 

1 •' .. 35.3 rt' or 42}.6 bd. rt • 

or lumber 

1 ca 3 • 1 ooo - 3 ( 1o3 - 3) 

1 kC. 1000. (10' g) • 2.205 lb 

454 c • 1 lb 
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PART III: FULL SIZE JOINT SPECMEN TEST 

1. COCONUT PALM WOOD JOINTS 

In general: 

Coconut palm sawn wood recovery is restricted in cross section dimension 

by stem diameter and its larg£ variation in wood densit.y. 

Thi~ problem is more p~onounced in g 0 ographically marginal zones (far 

sooth or north from the equator or poor dry soil) where palms dre relativelv 

shcrt and twisted or bent. Cons~quently. short 1 engths and small diameter 

round t.11Jod result in recovE:ry of relatively small dimension sawn material. 

Therefore, simplP types of construction joints in coconut palm wood must 

be investigared in detail and i~formatf0n t~ produce satisfactory simpie 

joints of necessary strength and stiffness should be made available with 

ot~er essential information for successful utilization of co~on~t palm wood 

as a construction material. 

A limited number of a coconut palm wood joints were tested in full 

structural sizes at the Forest Products Research and De·1el0pment Institute, 

Los Banos, Laguna. further testing and different joints should be design£d 

and tested. 

General types of wood joint connectors: 

Nails - Bolts - Screws - Metal side plate - Metal straps -

Variety of angle-shaped metal connectors - Steel plate 

connectors - Toothed plate connectors - glue (lamination) 

Many types of metal side plates, metal straps, etc. could be maJe 

by cutting G.I. plain sheet ap~roximately 18 Gauge (1.24 mm) with simple 

tools and pr~- drilled for nailing. 
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* Box nails , zinc coated, approximately 38 mm long, 9 - 10 Gauge (3.76 mm 

or 3.40 1'1111) should be used. 

1.1. Nailed joints: 

Nailed joints are most simple and economical,suitable for light struct­

ures like timber frame housing construction. Nailed trusses are suitable 

for spans up to 6-7 meters and spacing up to 2 meters. 

Basic withdrawal and lateral load for nailed joints: 

The nails perform best when loaded laterally as compared to axi?lly. 

c_-_r _l1--J~r____..i" 
{--1[.__ _____ _ .! 

WITHDRAW L.OAC> 
1..AT&AAL L.DAD 

Withdrawal load resistance: 

The resistance to withdrawal is related to the density (specific gra­

vity) of wood. In general, higher density wood has higher withdrawal 

resistance. If nails are driven into the wood when green, withdrawal 

resistance increases as wood dries to lower moisture content. 

* Flat head 
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Coconut palm wocd: 

No withdrawql test was carried out at Zamboang3 Research Center. 

From practical experirnce withdrawal values are high, especially for 

higher density wood. 

Higher density coconut palm wood has considerable tendency to 

split and pre-boring holes up to the 80 r-ercent diameter of nails is re­

commended, especially when nails are driven close to the end or edge. 

Possibility of splitting increases for the dry wood. 

Lower density wood has less tendency to split and permits a closer 

spacing of nails. 

The withdrawal resistance decreases: 

i) For lower density wood. 

ii) When nails are driven in the end of a piece of wood. 

iii) With use of finishing nails with small heads. 

The •ithdrawal resistance increases: 

i ) With correct nail diameter and length. 

ii) With use of clinched nails (if possible). 

iii) With use of rust-proof, coated nails. 

iv) With use of nails square shank or spirally groovE'd. 

v) For l~w density wood, if cement coated nails ar~ used. (If used 

for higher density wood, the coating is cleaned off when nails 

are driven). 

Pre-bored holes up to 80 percent of the diameter of nails do not 

effect withdrawal resistance. 
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Lateral (shear) resistance: 

Factors which increase lateral load resistance: 

i) Use correct diameter of nails. 

ii) Use correct length of nail in relation to penetration. 

iii) Density of wood is only slightly less important for 

lateral resistance than for withdrawal. 

iv) Correct nail spacing. 

v) Nails loaded laterally should be driven at right angle 

to the load (e.g. not skew or slant). 

vi) The thickness of a main and side member of a joint 

in the two members joint should be equal. 

vii) If nails in three member jc~nts fully penetrate all 

three members, the joint will sustain increased lateral 

loads. 

viii) Clinch nails increase the double shear load to twice the 

single shear value. 

ix) The lateral resistance is reduced if joint·is assembled 

from the wood in green condition and will stay such 

in the service. If wood is dry, lateral resistance 

increases. 

The lateral (shear) or withdrawal resistance decreases considerably 

if the joint members are ~plit. 
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Basic lateral load on one nail in single she~r driven perpendicularly 

to the grain, ~.g. side grain (Vascular bundles for coconut palm wood). 

For green coconut palm wood: 

Size ot Nail Lateral loed Der nail •••ber 
' J3 Strength J.f Strength 

Gauge Diameter Length Density Gr~up J?eQaity grouJ 
600 kg/• ~-599 ks/• 

SWG c-> <-> and above 

9 3.16 15 l+OO N ('+5 kg) 330 N c,, kg) 

10 , ... o 6lt ''° N (}6 kg) 265 N (21 kg) 
11. 3.05 50 or 63 305 N (}1 kg) 2'+2 N (25 kg) 
12 2.77 50 265 N (27 kg) 198 N (20 kg) 

Note: 1. If the nails used in double shear fully penetrate 3 members 

and protrude about 3 nail diameter and are clinched, value 

of double shear could reach double value of single shear. 

2. For double shear, the value could be increased by 30 to 40 

percent. 

3. The latest draft revision of AS 1720 Document DR 83171 has the 

following recommendaLion: 

Nail diameter 
Cmm> 

2.80 

3.15 

3.75 

I 
Lateral load per nail in I 

unseasoned timer CN> I 

--- ---' I 
Joint qroup Joint qroup I 

J3 I J4 I 

--------'-----' I I 
225 I 160 I 

I I 
275 I 195 I 

I I 
375 I 265 I 

-------' -' 
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Moisture condition: 

If joints are assembled in green condition and dry before used to 

moisture equili~rium (15 - 16%), value of single shear can be increased up 

to 25%, although some timber joints deteriorate in drying. More tests on 

coconut palm wood joints are indicated. 

1.2. Multiple nail joints: 

The total permissible load for a joint containing more than one nail 

is the sum of the permissible load for each individual nail. 

Note: If metal side ?lates are used, the load per nail can be increased by 

25%. 

Minimum spacing of nails in the joint: 

Distance !ro• Hole not bored Hole pre bored 
side or ed.re 

pre 
Be~ o! nail diametei 

End 20 D 10 D 

Edge 5 D 5 D 

Distance betveen Hole not pre bored Role pre bored 
nails Bo~ of ·nail diameter 

Along th• vascular 
bundles (grain) 20 D 10 D 

Across the vascular 
bundles ( ac'roea 

the grain) 10 D 
' D 

l> • cliaaeter ot nail 
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For coconut palm wood, especially higher densjty, pre-boring is re­

commended as higher density wood has a tendency to split. 

Spacing of nails: 

Spacing of nails is to some extent determined by the splitting ten­

dency of the wood in the joint. 

Splitting could be minimized by: 

i) Usin5 the recommended nail spacing based on nail diameter. 

ii) Blunting the nail point before driving. 

iii) Pre-boring the nail holes to approximately 80 percent of the 

diameter of the nails to be driven*. 

iv) Stagger:ng the nails. 

v) Using nails of such diameter, which could be driven without 

bending. 

* (The permissible load is not affected by pre-bored holes up to 80 percent 

of the nail diameter). 

Penetration of nail: 

If two pieces of wood are joined with nails, at least half of the length 

of nail must pene~rate the member which receives penetrating nail point for 

higher density coconut palm wood. In lower density, penetration of nail 

point should be two thirds of its length. 

Skew (slant) nailing: 

i) Nails loaded laterally should not be skew driven. 

ii) Skew nailing, if used, should be in such direction that the joint 

under load has tendency to tighten up. 

iii) Skew nailing is properly used to connect studs to bottom wall plate, 

rafter to top wall blade, etc. 
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It is recommended to use rust proof nails as much as possible, galvan­

ized or cobalt coated nails especially, if used in green or Tanalith impreg­

nated coconut palm wood, or when a wood is in service subject to permanent 

or temporary (in ~hort intervals) increase of moisture content. 

2. EXTENSIO~ OF THE GROUPING TECHNIQUE TO JOINTS 

It has been found that grouping is also a very useful technique in devel­

oping the basic loads applicable to metal fasteners (Mack, 1978). When 

revised, the Australian Timber Engineering Code will be using the following 

classification system based on basic and air-dry density as shown in Table 

III-I. 

Table III-1 

PROPOSED MIBIM'IM DEISI'l'T POI JOIMT ST!lENGTB CIOUPS 

Green ti•b•r 
Basic den•it7 

Group {kg/a3) 

J1 750 JD1 940 
J2 600 JD2 750 
J3 475 JD} 600 
J4 380 JD4 475 

• Density at 12" aohtar• content &t'ter recondi Uoning. 

* Assignment to J2 will be justified by basic density and mechanical pro­

perties using the value of shear property. Conservative assignment to 

J) is a subject of further revie~. 
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Application to coconut palm wood 

Preliminary classification to joint strength group of coconut palm 

densi~y 600 kg/m 3 and above is assigned to J3 group*. wood: Basic 

Basic density 400 - 599 kg/m3 is assigned to J4 group. 

NOTE: Multiple nail joints 

* 

The total load for a joint containing more than four nails should 

be multiplied by the factor as follows: 

I 
Condition 

Total nuaber ot nail1 per interface 
(race betveen Joined aeabers) I 

up to ( 5 10 20 or •ore 
o! vood 

Talue or t&ctor 

1Unaea1onecl 1 .9 .8 .75 

Sea1onecl 
to 15" KC 1 .95 .9 .as I or le11 

Assignment to J2 will be justified by basic density and mechanical 

properties using the value of shear property. Conservative assignment 

to J3 is a subject of further review. 
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l/ 
Vithdraval load• tor joint etrength group - J3 and J41 

Jail diaa ... (Gauge) 
Strength 

2.77 (G~2) 3.05 (G11)I ~.4 (c10) }.76 (G9) group 
Vitbdraval load •/aa penetration per nail 

J3 7.3 s.o 8.5 '·' 
J4 3.a 4.1 4.6 5.1 

The above nail withdrawal values are used for conventional timber 

assigned to Strength Goups J) and J4 respectively. Nail withdrawal 

tests have not been carried out at PCA-Zamboanga Research Center for 

coconut palm wood. The given values can be used safely for coconut 

palm woo~ as it is known from practical experience that the withdraw­

al load is high when splitting of wood is avoided. 

l/ It should be noted that the latest draft revision of AS 1720 

Document DR 83171 recommends: 

I 
I Withdrawal load per nail 
I in unseasoned timber 
I CN/nvn penetration of nail> 

'--------------~--Nail diameter I I 
<nvn> I Joint qroup I Joint qroup 

I I JJ I J4 , _________ , ______________ I ___________ _ 

I I I 
I 2 • 80 I 8 • 5 I 7 • 5 
I I I 
I 3.15 I 9.6 I 8.4 
I I I 
I 3 • 75 I 11 • 0 ! 1 O • 0 
I___ __I ___________ I ______ _ 
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3. TEST OF FULL SIZE JOINT SPECIMENS 

3.1. Pryde nail-plate wood connector 

Specification: 

11 mm nail length 1.2 mm (18 G), galvanized steel 

Total penetrati~g nails: 4 x 24 = 96 

Manufacture recommendation: 

- Safe nail load 110 N per nail (all nails can be counted) 

- Safe plate shear per mm shear line: 25 N/mm 

- Use 2 pieces 32 mm x 188 mm at each side 

-------

MIL. PL.A Tlii 

Ultiaat• T••t Yalu• 

I t11 .. ne:1,011 llodlll1H StreHat llod11l11• 
i IBa•ic: Of J'J'Opor- of Ela11- a ••a r Ir • 
I ,.,..... of I 11 V 1Den111t: lllP'-• !~~l t~c:U7 ------
i Joiat (•) 11-3 ... ... 1000 ... ·-
' 

I 

A••NP lloiehn 

I 
.&95 15.00 10.67 5 •• 7 I 

I! '1. 22.54 15.4' '·" I eoaum of s..-
0 ,557 • .. I c:i•n• ie 1~ i i " 

I .. "' 8 
,.. 

Type of failure: ~ichdrawal uf nail 
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l.2. Gang-Nail (Philippines) <locally purchased) 

Specification: 

- Gang nail connectors dimension: 95 nun x 140 nun 

Total number of penetrating nails: 91 

Length of penetrating nails is not equal, each alternare row 

has length of nails il mm following a row oi 15 mm. 

- Galvanized steel 

- Thickness: t.2 nun (18 G) 

- Average yield stress: 280 MPa 

- Average tensile strength: 380 MPa 

Safe load per tooth parall~l to grain: 160 ~ 
2 - Tvoth density: tooth per 146 mm 

TJpe ot 
Joint 

Di•mion 
H x N 

mlii !!HH : :s: 

Ultiaate !••i Yalae 

R e a a I' k • 

.759 24.04 17.31 1.12 Ave:rmc- Jlo1st1U'e I 

: E .594 24.68 16.83 6.11 Content ot s~ I' : j H •329 12.48 7.80 )e,0 CiMm 18 1~ 
3 8 ~ .518 2).86 15.07 4.35 

---1-----'----+.----..L-___...___.___I 
Type of failure: 

For higher density wood, vertical shear in plate. 

For density .329 g/cm3, cross grain tension failure in wood. 
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3.3. Multiple nail joints 

Multiple nail joint - A 

Ultimate Test Value 

I )(odulu• StreH at Modulus 
Di11enaion l!&8ic ot Propo~ of ri..ae-

~of 
BxW DenaitJ Rupture H~~1 tici t;r 

n:_ (•) c/c~ MPa 
1UUU 

JIPa MP a 

-I I 
75 x 50 

.680 33.06 13. 78 6.35 
• ~ u "' .580 25.27 15.66 6.28 .... r- ~ 
~ -a. H • • • I '1:t ... 
0 • 0 ~ "' :s a. N 

»ail Spacing: 

r- I 

~, 
• 

Ill, • • • .~ 
~, • • • I 

~ 

Joint. •rranc'·~~~t !~~ ·P•l.!!~~~ion ot laibs 

~ l ! l l ~ 

Nails: CW - 64 mm, 3.4 nun dia. (G 10) 

14 for each side (Total 28 nails) 

R • 11 a r k 1 

Average Xoi•tur• 
content or •pe-
cimena ia 18~ 

17 • 

10 --·· -10 
10 
10 

17: 

"""' ,..., . 

Type of failure: Cross-grain tension at main member and wood splice. 
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~ultiple nail joint - 8 

Ultimate Test Value 

- -- -· 

r· iroclulu Stn•• a llodulu Di•mion Buie Propoz-- Rea a rice ot Uoml of t:?.a ... Type ot Bx W Demit~ Rapture Limit tic1ty 
Joint <-> deal IPa IPa 1000 

JIPa 
H -• I I .636 26.59 19.48 6.53 Average lloisture u .... 
~ ~ 100 x 38 content ot spe-.-4 .101 37.98 19.88 1.51 g, 

Cillen8 b 1~ • - H .,, • 0 • B 0 ~ 

I :a ~ If\ 
a. N 

Bail Spacing: 

600 /f\IC\. 

300 ~. 
-----~ 

l • 
• • 

• 
• • 

• 

Joint Arrang•••nt and P•n•tration ot ..aail•: 

-t i ] I I -~ ~ 
l1All.a '" 

&r1GLE~ 

Nail~ CW - 64 mm, 3 .4 mm dia. (G 10) 

20 nails or. each side (Total 40 nc. ils) 

Ty;>e of failure: Cross-grain t~nsion at main members and. wood 

splice (plates split along the nail 1 ine). ' 

--· 
• --
• 

• 

~- . 

20 """· 
•• .._ 
•• 
• • 
•• 
.IO 

""' . 
""" . ..... 
""'· 
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Multiple nail joint - C 

Ultimate Test Value 
,.... 

Streaa &1 Modulue Dimension .,._aic Xodultta 
Pro pol Reaarka ot tiona ot Elae-T:n>• or BxV IDemitJ Rupture Liai.t ticit;y 

Joint 
g/csl 1000 

~-> XPa XPa MP& . 
M -• I 

Moieture Content 
0 I 

3.29 
.... 

75 x 38 .530 12.60 9.05 of Speci11en 1a 
...... 

~ 0. II'\ 

16~ • r- ..,. -1 ... • • I l. ... • 0 I 
...... ..... 
a.. Q, ...... 

lail Spacing: 

460 I'll"!. 

I t 2 .30 ""'1. r-1 I . 1e.•mm. 
• 0 

1.9 mm. ~' 0 0 

L 1.9 mm. 
0 0 

1a .. min. 

,30, 4Z.J4a.~14Zsl ~-~l!Ol 
'total nuaber or naila ·• 28 

Galvanized iron, box t7pe nail, 38 .. long and 3.4 ma 4iaiaeter. 

Type ot failure: Jraah tenaion in both plywood 1pliee oppo1ite 

the butt Joint o! main member1. 

Schematic drawing of a joint assembly 

(main members end joined) 
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~~itiple nail joint - D 

Ultimate Test Value 

.• 

JIOclulu Streaa at Modulu• Diaenaion Baaic 
ot Propol"- ot Elam- Re•ark• Tn>• ot BxV Deul.t;J ~ure 

11onal ticit7 r.4-4"£ 
Joint 

r/cal 1000 
(•) JIPa JIP& llPa 

M 

12.89 5.18 Moisture Content - 100 x 38 .749 15.47 • I I u 
ot Speoiaen .... 

1• 1~ 
.-f 

~ § ~ • -~ H 
0 • 
~-,j I 

0 
A. ~ 'P"' 

lail Spacing: 

.. ,..,., . 
• • ti • i • £ 

;~ • • • 0 

. ,.,,,, 
0 II 

·~· 0 • • • -
.. wwn. 

I 

Total nuaber or nail•• 44 

Gal'Yanizecl iron, box t7pe nail·, '8 .. long and 3.4 - cliaaeter. 

'!'7pe ot tailares Jraah tenaion in both pl7wood splice - clo1e 

to the batt ~oint of aain •••b•r• (tollovir4 D&il line). 

' 7 tr 
Scnematic drawing of a joint astembly 
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3.4. Scarf joint with dowel 

Ultimate Test Value 

Diaen•ion Ba•ic Ko4•la• Stre•• a Koclala• 
TJpe or Dlmi1r ot lff!ffi or flu- l••ark• 

I x v laptare tic ty· 
Joint <-> clc:a' 1000 

KP& II Pa KPa 
Scarr vi th Kol•tun eon.teat clovel (2 100 x 38 .794 6.46 2.17 3.a3 or apeciaea 
Daib each 

i• 1,.5 "· •icle) 

Scar! vi th K•i•tare content 4ovel (1 
100 lC 38 .71, 3.28 1.40 1.11 ot •peoiaeza 

nail each i• 1,., "-
•icle) 

2 c. IJJ. MILS G4mn1.X ~. 4 t1l"1. --001.VEL (GLUED} .30trlltl. X !OM. 

SCAP..F JOlnT UJITH DOWE_ 

Cro••-crain t•n•ioa 

"NOTE: This type of scarf joint is commonly us~d in the Philippines, 

thus the value is more decorative as the strer.gth of joint 

is low. 
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4. GLUED JOINTS WITH REFERENCE TO COCONUT PALM ·moo 

In the last 20 - 30 years, there has been an advancement in the 

development of synthetic types of moisture and fungi resistant glues 

capable to resist the most extreme conditions. A number of types of 

glue can be set at moderate temperatures. 

Consequently, this led to widespread development in the field of 

glued-laminated wood used for construction purposes with less restraint 

on the architectural possibilities. 

The term glued-laminated construction applies to structural wood 

members glued up from smaller dimensions of wood pieces, otherwise 

unusable or unsuitable for the required member dimension. This applies 

directly to coconut palm wood which is restricted by the steep density 

gradient in the radial direction. 

Coconut palm wood utilization division at PCA-Zamboanga Research 

Centre did some experimental work with laminated coconut palm wood and 

the products were used in construction of up to 10 meters span. This 

experimer.tal work could be considered successful as laminated wood 

exposed to weather conditions had not shown any deterioration in the 

glue line or wood after 5 years in service and exposure. 

Full tests for mechanical properties (shear of glue line) of glued­

laminated coconut palm wood were conducted. 

A ncmber of simple tests were, however, carried out in the division 

laboratory such as "Chisel test", "Boiling Test" f72 hours) which could 

be considered satisfactory. 

I 
.,j 
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Four ccconut palm wood specimens were tested at Forest Products 

Research and Development Institute laboratory in Los Banos, Laguna. 

(Data for one specimen were lost during the test). 

Test: Static Bending (4-point loading) 

Specimen dimension: 80 mm x 75 mm, length 21 times depth 

NOTE: Specimens were assembled from four laminae 12 months before the 

test. 

Dimension of laminae: 90 mm x 20 mm 

High density wood (basic density .755 glcm3 ) 

Glue used: Cascopen RS 240 M technically known as resorcinol 

phenol-formaldehyde which could be set in room 

temperature 21° C and above. 

Catalyst FM - 124 M: 100 parts of glue 

20 parts of catalyst 

Glue spreading by brush: 2 2 .340 kg perm (.75 lbllO ft ) 

Clamp spacing: 350 mm (14 inches) 

Pressure applied: .69 MPa (100 lblin2 ) 

pressure is applied for 20 hours. 

A normal curing period: 6 - 10 days depending on the room 

temperature. 
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4.1. Horizontaily laminated wood 

Ultimate Test Value 

Xodulus Streaa a1 
Modulus Dimenaion Baaic of Propol'-
of' E.l&a- Re•arka tioral Type or H:.tW Deneit,J Rupture Limit ticity 

Laminae ( lllll) g/ca3 MP& 
1000 

MP& MP& 

>. • 0 .196 85.82 55.43 14.50 Average Xoiature - 'O a:> - 11 
content of ape-.. +a .122 79.73 56.55 13.17 +a t! JoC 

, cimens i• 16~ s:: 
0 

= 
N "" .... r-
J.o .... 
0 r:r: 

• Load was applied perpendicular to the laminae • 

• 20 11111 

f 
2 

Types of failure: 

1. Cross grain tension plus glue line failure 

2. Cross grain tension and out of glue line failure 
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4.2. Vertically laminated wood 

Ultimate Test Value 

J(odulu• Strea• a1 Modulus Dimension Basic ot Propol ot Elae- Reaark• 
Tn>e or HxW Denai'tJ Rupture ~f~ ti city 

r 
I 

~irae (m) g/cm3 IP& llP& 1~ 

Vertically 75 x 80 • 747 64.47 47.74 12.61 Moisture content 
laminated• of •pecimen 

18 16~ 
. 

I 
• Load was applied parallel to the 1•11imLe. · 

11e,,TICALLl,I LAll'llnA Teo 

'Type of failure: Cross grain t~nsion below the loading point. 

' It is of interest to compare the test data for g!ulam with expected 
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values. From Table 11-1 the mean strength for the 'hard' grade of struct­

ural size tinber is 54.5 ffta. From Table 1-1 the effect of drying the timber 

is seen to be a factor of 1.2 on bending strength. The effect of local 

reinforcement of defects wouid be roughly a factor of 1.1. Hence the 

average expected strength of the glulam (either horizontally or vertical­

ly laminated) would be about 54.5 x 1.2 x 1.1 = 71.9. HPa. This compares 

with the values of 85.8 and 79.7 HPa for horizontally laminated timber 

given in the Tabl~ on p.83, and the value of 64.5 HPa for vertically 

laminated timber given in the table on p.84. 

The expected modulus of elasticity is the value of 11,414 MPa given 

in Table 1-1 for small specimen. of dry timber. This compares 

with the values of 14,500 and 13,200 MPa for horizontally laminated timber 

on p.83 and 12,600 MPa for vertically laminated timber on p.84. 

The measured strengths and stiffnesses of the glulam are not predict­

ed t:-articularly well but, considering the variability fn ·the structural 

properties of coconut wood, are feasible • 
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