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ABSTRACT

One of the cbjectives of Timber Utilization Division at Philippine
Coconut Authority-Zamboanga Research Centre has been the assessment of
tiie 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.

The 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 compression
perpendicular to grain where 50 mm specimens were used. The tabulated
results for mechanical properties cor 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 227% 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 properties
as modulus of elascicity, modulus of rupture, bending scrength at

- proportional limit; with additional data as types of failure under
maximum load and lateral stabilicy wich larger ratio of depth to width.
At the same time, data were obtained for included defects and charac-

teristics of coconut palm wood.




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 coconut palm
wood joints were tested in full size as coconut palm sawn wood is
recovered in somewbat restricted cross section area due to large radial
variation in its density. Therefore, use of simple joints is recommend-
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 cested 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 Part 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 1: 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 previously relatively unknown species, coconut palm wood. The
important factor is knowledge of mechanical properties of wood, with
aim to develop stress grade classification. 1t 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 streangth
grouping system and minimum strength-class limits for group_.g Philippine
timber species. Strength grouping is prerequisite for the "stress grading
classification’” of the sawn coconut palm wood, if usgd as structural

components for the light wood framing construction.

1t is hoped that such information will assist coconut palm wood
which is relatively unknown as a commercial material and its knowledge
of 3 relationship or similarity to the properties of a commonly used
commercial 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
converted by a number of methods to usable wood which could serve well
to mankind - especially if its physical and mechanical properties are
suitable for a number of uses. Some of the properties could be improved
by 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 awace of such problem.




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 demsity*

groups: Hard 600 kglm3 and above
Medium 400 kglm® to 599 kglm
Soft 250 kgim3 to 399 kglm

Very soft below 250 kg|m3

Basic density (specific gravity) of coconut palm wood within the
stem varies in the radial and longitudinal direction between 200 kg|m3
(.2 glcm3) to 800 kg[m3 (.8 glcm3). As the density of coconut palm wood
hac close correlation between mechanical and other properties, it is neces-
sary as a first step to utilizacion of the sawn wood to be separated to
a number of density groups, where density alone determines the final end

use of the material.

The original four density groups were for practical and simplicity

reasons changed to three density groups:

600 kglm> and above Hard
400 kg[m3 to 599 kglm3 Medium
below 400 kglm3 Soft

1t is recommended that wood below basic density 400 kg[m3 shall 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,

i ————

* Basic density is the ratio of oven dry weight and green volume.




The consideration to use only two density groups:

500 kg/m3 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 wood 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 strengch 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

importance.

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.




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

<. Compression perpendicular to graim
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 Methqu 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-
placement method; and oven dry

weight.
Nominal density for air dry wood is determined by:
Volume at 127 moisture content; and

Weight at 127% 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




condition 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 specimen dimension.

NOTE: For Technical reason to save time, green specimens were pre-dried
in low temperature experimencal 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 of material in evaluating mean value and ics variabilicy of the
strength and related mechanical properties of wood in the form of small

defect-free specimen, employing standard method of testing.

Brief description of procedure in the following order:

(i) Selection of palms

(ii) Felling and cutting stem to round wood lengeh (logs)
(iii) Selection of the bolt section

(iv) Breakdown logs and recover bolt section

(v) Marking bolts and record green weight

(vi) Spray bolts by 3% solution of pentachloropnenate
(vii) Sealed bolts in air proof plastic and crated

(viii) Shipped to A.N.U., Canberra ACT - Forestry Department - Australia




(ix) Sctored 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 .each 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 nectare (distan-
ce between rows - 10 meters) classified locally as Zamboanga or San Ramon

Tall.

Age of selected palms:

Three palms approx. 60 years plus - Test Part 1

Three palms approx. 50 to 60 years - Test Part 11

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 "between'" color shades.




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

rage diameter at breast height (1.30 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 Il

The San Ramer tall 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 nurs

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. 1 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 ¢m
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.




Palm No. 2 Y*** Height of stem 25.6 meters
Stem BH** diameter 36 cm
Stem center diameter ) 27 cm
Stem top diameter 19 cm )
Total Jolume of stem 1.46 cu. m.
Palm No. 3 Y*** Height of stem 21.4 meters
Stem BH** diameter 30 cm
Stem center diameter 26 cm
Stem top diameter 19 cm
Total volume of stem 1.13 cu. m.

The average age of selected palms was 60 years plus.

Sawn green materials in the form of bolts:

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 was taken for

the determination of moisture content and basic censity.

The Specimen Dimensions and Type of Test

50 mm x 50 mm standard:

50 mm x 50 mm x 750 mm Static bending (center point loading)
50 mm x 50 mm x 200 mm Compression parallel to grain

50 mm x 50 mm x 50 mm Compression perpendicular to grain
50 mm x 50 mm x 50 mm Shear test

20 xx 20 mm standard:

20 mm x 20 mm x 300 mm 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 parallel to grain

20 mm x 20 mm x 20 mm Shear test

In the Part 1 of test for green and air dry specimens, it was decided to use
for "Static Bending", '"Compression Parallel to Grain", and 'Shear Strength"
both specimens 50 mm x 50 mm and 20 mm x 20 mm cross section; and supplem-
entary 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 65% relative humidicy*.

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

uvally reach Equilibrium Moisture Content approximately 12%.




Testing

(a) Shimai:zu testing machine was used for specimen

50 mm x 50 mm cross section.

tb) Amsley testing machine was used for specimen

20 mz x 20 mm cross section.

Both testing machines were regularly checked and calibrated by the National

Association of Testing Authorities, Australia (NATA).

One of the
in density
the stem.

20 mm have

section at

coconut palm wood characteristics is the very large deviation
most pronounced in the radial direccion at any given height of
For this reason, specimens of small cross section as 20 mm x
more uniform density (specific gravity) when taken at che cross

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 tests 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 discucsed in Part il of this report.

The

Test Part 11

tests for mechanical properties were reduced to:

(a) Static bending (center point loading)
(b) Compression parallel 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 arnd air dry conditions.

Selection of bolts for Test Part 11

Three palms were selected by similar process as described in the

selection of specimen the Test Part I.

Palm No. 4 - Stem height (from butt

to first leaves)

Stem butt diameter¥™

Stem top diameter

Total volume of stem

Palm No. 5 - Stem height

Stem butt diameter®

Stem top diameter——-

Total "volume of stem

Palm No. 6 - Stem height

Scem butt diameter®*-—-—

Stem top diameter-

Total volume of stem———emeccmmim e

20.1 meters
38.8 cm.
17.9 cm.
1.071 cu.m.

18.4 meters

37.6 cm.

19.1 cm.
977 cu.m.

16.2 meters
35.8 cm.
18.0 cm

.818 cu.m.

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

NOTE: Test Parc 1I.

Seiection of the "bolts'" and eventually the testing specimens

were locaied 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 heighr. Sce Figure 1lA.

* 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 as excess baggage to A.N.U., Canberra,

Australia.

Final prepara.tion of specimens for testing, air drying snd deter-
mination of moisture content, basic density were processed in the
Oniversity Laboratory.
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Test Part 11

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.




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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i ~068 2 -068 & l“,.céa le 00 <. 0% &, -
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3.3; 1 ;.83 ‘:/] 2.821 2.82 V| 1.82 V15862 1] 699.03 V| 7+2.23 V]
| 673 2/ 673 l .73 .73 .69 2 .69 i/ .69 .69
o 102 Y | o102 o 039 Y|, 2039 ¥/|,00.060 (0 13 0 M3 Y|, 2103
.33 | 8.58 2282 bkl 2104
3:32 v Z:?g iy 2:2;,1/ ﬁ.i; v 1.20 Mhase. 20 %/122'..95 %/ 526,12 .;/
S19 2| 519 w6 Y .5 s A e e .46 ;
e «056 & e 0S4 Y e 023 Y 8 066 Y 8°+042 2/ 4o 032 b7 40 032 Y 4o 032
i . .96 7.68 | 2354 2050 2961
| 3;; Yy 3:32 Yy ?ogi Yy 7031_’/ 1.91 :;/A 386.98 Z a”'fi g 1101.55 g
Y 4 .527 s 2/ b b L R .
. .070 .070 3/
o 2068 ¥ | 0068 ¥ |, w042 Y 0u23/| ,.060 }/‘. 070 M‘, o070 ¥,
1, . b.bS L.38 611 6838 1301
.6$g A 2923 y - sz U 2.69 Y 259.7 Vises.n1 Y
.316 g .316 g 3921 W31 24 L3 2] a3k 2/ .36 2
9 +55 8" .55 ¢ - 4*.063 3g 047 Yla% 047 3/ |ar 047
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1.7 2.70
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o .06¢ ,-069 Y/ P .030 . - . - . -
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13,8 Y|12b.86 V| %67.59 V]
20 Y L2 .24 2/]
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Number of specimens tzasted

Compressive stress at limit of proportionality

Compressive stress at 2.5 mm deflection

Approximate Value derived from air dry specimen
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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 load).
(ii) Basic working stresses are based on wecod 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 but represent the first stage

from which design stresses are derived.

Wood Variability

All commercial woods like all other me-erials have inherent character-
istic variability in their properties - coconut palm wood displays a somewhat
larger range 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 in 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.

The seiected stress value is referred to as at the one percen exclu-

sion value or lower probability value, e.g., that only one piece of wood in

|
I
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a bundle of ore nundred pieces of a given grade is expected to have a

lower stress value.

Wher, the lower probability value (exclusion value) is chosen as
one percent, then the bending strengtn (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 imn

Table 2.

Wh-n other level of exclusion is desired as:

1% - multiply standard deviation by 2.33

2 . 5"". - 1 2] 11 " " l . 96
5"/‘ - " " " " 1. 65

10'/e - " " (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 outline of the histogram. The curve is known as a frequency
or probability curve for the population and is defined by two constancts:

(a) mean value at the apex of the acurve; and
(b) standard deviation (the measure of distance along the
horizontal axis from the mean to the point of inflect-

ion of the curve).

* Scandard deviation
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rig. 2 DISTRIBUTION OF A POPULATION OF SPECIMEN TESTED i
FOR THE MODULUS OF AUPTURE

| X 2 26 MPa

XeS53mpg {

ixasmpo
-
§ r
o X=13 MPa : E
g I M
[ !
2 P ‘
g 7/ A}
: I
W -
b
N
N nRE u
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i e al l 1k j 5 1 \

30~ 40 80| 60 70 86 [80 100 o 126 35
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EXCLUSION LIMIT B7.76 %o £Om oENgITY
3 GPOUP .6 G/CM3 AND ABOVE.

EXCLUSION LIMIT 25, 68 MFo FOM D&NS: T
SAOUP . ¢ -. 69 O/Cm-'.

' 4

EXCLUSION UMIT {1, 70 MPo FOM DENSITY
J GAOUP . 25 -.38 G/CM3,

y

EXCLUS.ON LiMT 3.8 MPa RO™ DENSITY
SAOUP BELOW .26 G/cm 3,

. Table I-2: DERAIVATION OF EXTPREME FIBAE STAESS UNIT IN
BENDING ( FOA GAEEN WOO0D)

| PENSITY | MODULUS OF RUPTUREiMRo] UN1T ]

G/cms AVE. mAX. min. |»~MPa
oG ot ]
| ABOVE -1 123.6 | ©@2.3 | 725.67 |
[} 4 R 1
'.4-.62 53" | 79.3 [ 28.8 |11.32
25 -30] 26 | 30.3 | 12.5 . 5.2
- ISC:_" |
! ] ] ' i ~
EEL’!L -25150."3 '6.2 4,1 B 1.5%
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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 within the palm stem is approximately between limits 200 kglm3
(.2 clcm3) up to 900 kglm3 (.9 g[cm3). 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, the 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 drawing 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. Determination of Unit Stress

Extreme fibre stress in bending expressed as:

; - (2.33 x standard deviation), where

Fb = ”
Fb = fibre stress in bending
X = mean value of modulus of rupture
2.33 = statistical constant used for determining 1l percent
exclusion value
K = 2.22, a reducing value cal;ulated 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

<
1]

mean value of shear

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.




4.2. Basic Working Stress

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

basic stress is determined by:

(1) Crade 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, namely, green 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-

menct.

4.4. The Effect of Three-Point Loading (centre-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 some-
what lower values for modulus of rupture than are obtained from the four-

point loading method.

The increased values couid be as much as 3 to 15 percent greater
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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 Elasticity.

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 ME|1l5 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.

46.6. The Eftect of Sloninz Grain on Coconut Palm 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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v 25 ma in ! 25 mm in ! 25 @a in ! 25 am in ! 25 ma in
Slope of grain ! 500 am ! 400 ma ' 300 mm ' 250 am ' 200 am
L) [} 1 ] L} ]
Reduction in H ' 4 ' 4
strength in ' 0 4 20 ! 30 : 40 4 50
bean (percent) ' ' : ' :

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 x|v. 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.
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Drawing C shows arrangement of vascular bundles in palm wood where

individual bundles deviate from the longitudinal axial direction.

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 aot 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 obtaind.d

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 cthe genus coconut palm do not increase diameter
by secondary thickening as do the dicotyledons or confierious species which
yearly form layers of new wood which in the longitudinal direction form

the grain lines.




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, vascular 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 specimens are

discussed togerher with types of failure for full size specimens.
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Table I-3: Average Values for Physical and Mechanical Properties
of some timbers to be used as a guide to conpare values

with coconut palm wood.

i )r Cemter Loading
¥ ; £s Bedulus of [ Boduive of
- Denmit ture Blastfoity
Tisder origin ;5 J 5% reity | R
- | S B s
® 1 < Xgfa” - N -
?”gi,,._ $15ppined B hediwm | ¢ 500 8 10475
AP10KC Pacific m‘:h 3 56~ 6 12038
: |
Dipterccarpur grandiflorus Auf El" D 83 s 7%
—
Pacifi Lo
mﬁrmenu o Ares “1" ::’ ¢ 383 o“ -
XERUTHC Pacifio Yery
Dipterocarpus spp. Ares B High ¢ 2 k) 20550 .
LATAF RED . Pacific | g r«uu c an 53 9325
Shores segrosersis Ares
LAY VHITS Pcific | g [ atal 510 ‘1 YPTPIN
Pentacas comtorts Ares
ANCROVE . Pacific Very 852 102 »
’lh!myhon apiculats Ares 1 High ¢ 52 20550
MERANTT RED (Coﬂ-m;d sacific . . a 425 6 1032%
Group . . . -
Stcres sp;. Ares D 430 8 11200
HERANTI WHITE Pecitie | e ¢ 48 % 10350
Shores epp. ires » 540 n u7IS
BAOTTIAD * 1gh .
Parashorea plicats Asia R Bery = ¢ 480 » 10350
- .4 I .
Diptervoarpus spp. Asis R k-?m c 683 & "s
KAYALA 608
Kallotus philippinecsis Asis B |ne | © » 1325
Bettom grendis aegs” |18 L7 6 b3 19 11008
Contrel Low to
'33‘..- pyremidale l-:r e,: .' fus » 165 22 50
I DOLTLAS c 439 53 10378
Posudotougs pensiesif Caoeda e ? s1¢ n 12928
PINE MDIATA ) - s L . “ 1328
Bre)?: tastgnte Zes Lant » | ) 9150
OAX BUROPRAS tited | g "‘“." e 25 » n2s
Quercus spp. . | xiretes ng | ? 646 o 0275 9

* Classification: § = hardwood, S = softwnod

1/ Moisture Cendition: G = green condition, D = dry condition

2/ Strength Group: See tables 4 and 5, "The Grading of coconut
palm sawn wood" "TINC Document Ne. DP/ID/SER.A/6LO,

3/ Borer fuceptibility: LS = Susceptible to attack by Lyctus

(powder post) borers.




Compression Shear Rardness Toughness Cleavage -Strength Borer
Strength Strength (side) Strength Gro 2/ | Susceptibi-
up - Y
Pr— ity -
MPa MPa Newton evtonmeter N/am
28 1 3000 ) - $5
30 17 3ro0 27 - 54
39 12 6000 M - sD3
2 4 1750 7 - s7 s
41 8 4250 13 42 S$3 is
29 6 512 - - 85 s
4 9 3130 - - 5 -
D 15 K50 22 104 s1 w
3 6 2512 - A7 lighet $6 s
48 - 2800 - -
29 1 3200 15 3 s4 7]
4 ) 3200 1 - SD5 -
29 7 3200 36 - 35 s
4 9 6700 22 - 83 s
2 8 3800 22 T4 86 s
% 8 4115 9 - 4 s
2 3 1075 2 16 - a3
26 1 2070 1" 28 s w
s2 9 3000 12 28 35 -
17 6 2000 12 ) 87 w
4 10 2525 9 A7 5.3 AS
2] 9 47110 11 14 85 1]
2 1. 5385 15 14 a3 as
Con't. 3/ 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 I-4: Shrinkage Classification

Shrinkage fros green to oven-dry (%)

: : E

! Description H —

' "’ 4 . 3 v =

i; ¢f shrinkage Ai Tangentisl E Radial E

i % ‘ “

! Very low ; 0 - 3.5 : 0-2 :

' M .

{ Low : 3.5 - 5 : 2-3 5
[ ]

! Mediua : 5 - 6.5 : 3-4 5

M L

' Bigh H 6.5 - 8 E 4 -5 E

N 9

i Yery high ' 8 plus E 5 plus E
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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-FAO|UNIDO (Coconut Wood Utilization Project RAS|81|110, 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

Sratic Bending ~ Four-point loading to maximum load applied
parallel to largest dimension of a specimen
cross section {(edge loading).
Specimens were tested in such a way that the highest density wood
close to cortex was not necessarily in tension. The speed of loading was

calculated on the basis of the depth of the specimen.

Propercties Data Obtained:

(i) Modulus of elasticity
(ii) Modulus of rupture

(iii) Bending strength at proportional limit
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Suppiementary Data

(i) Types of failure under maximum load
(ii) Lateral stability of specimens with larger ratio of depth

to width.

In ad¢dition, 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 representing the plantation
average - height varied between 16 and 23 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 stem, 4 pieces of round wood

3 to 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

Average

Stem No. tump to

First Leaf

(m)

Diameter

(em)

-t

22.1
22.9
24.8
22.6
24.1
23.7
22.2
24.5 -
21.6
2u.1
22.4
23.5
19.7
21.4

27.25
2Lk.75
28.0
25.5
28.0
26.75
27.0
29.5
28.25
27.25
26.25
29.5
28.0
27.0

M \n [\ ]
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‘0 on

1C

12
13
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-t
.
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Round wood logs were sawn to recover maximum number of sawn
material for the end use as construction wood. All sawn material

in green condition was visually graded to represent two basic density
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groups: (a) 600 kglm3 and above, and (b) 400 to 599 kg|m3. 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 Bafios, 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 individual 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 tabulated results show, a number of specimens fall below
average basic density 400 kg/m3 (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 taken along the length).
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8
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Speciment Test

Average

Average

Average

Average

Average

n.C.

n.c.

".c.

M.C.

K.C.

FL)

22%

25%

18%

16%
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Table 11-1In-Grade Pull Sisze Specimen Test: All specimen loaded on the edge {longth 2% times depth).

Static Bending ( four-point loading - ultimate properties). Cross section dimensioney 50 nes
Densityy 600 kg/md '

D;““’ Diaension 3:::5 1'15 ‘": 3% Mo:\:;::‘:t L:"ﬁf-:ggrfﬁ::i Hosxﬂ:‘:r
roup HxVv sity] © “ M.C: 8| _Rupture Limit Elasticity
Kg/n’ (an) |[g/c’ gé % ’J% MPa soee | wea | spee | 090 T gpee
F 75 x 38 [.7222 | .061] 18|19 | 51.35 | 13.49| 36.80| 6.66 | 9.41 | 1.94
75 x 50 |.692 | .058]| 18| 18 | 59.07 9.12 | u43.52| 7.23 | 11.56 1.25
100 x 38 |.726 | .088] 26 | 11 | 54.61 | 13.52 | 37.74| 10.27 | 10.84 2.51
100 x SO {.723 | .089| 26 | & | S4.92 | 9.74| 42.65( 9.94 | 11.49 | 0.9%
, 100 x 63 |.733 | .vou] 26| 5 | 58.50 | 11.62] 41.05] 11.08 | 10.88 1,20
| 125 x 36 |.665 | .ou7| 22| 5| u6.29 | 8.u2| 32.9 | %.97 | 10.70 | 0.88
} 125 x 50 |.670 | .ou5) 22| 5 | 55.03 8.29 | 35.03! .71 | 10.90 1.09
| 125 x 63 |.800 | 110 22| 3 | 56.20 | ?.31| 42.65| 8.94 | 10.06 | 0.79 .
> | 150 x 50 |.209 | .160| 2v | 3| 61.16 | 21.22| w4.96| 16.07 | 12.28 | .32 N
% 150 x 63 |.625 | .036| 24| & | 52.82 | 8.12| 36.25| 6.80 | 10.46 | 6.60
E 7?5 x 75 | .6%0 - | 18] 1] us.08 - 28.42 - 6.40 -
g 100 x 75 |.7204 | .035( 26| 3 | 59.05 { 17.56 | 41.79 ! 14.81 9.45 1.95
o 125 x 75 |.750 | .008) 22| 2 | 33.17 | 12.58 ]| 29.39] 8.51 8.13 0.68
163 x 38 |.6u44 - lau] 1] sw.2u - 25.37 - 10.09 -
Nean Vilue ®ee <710 | .070| 22 54.55 | 10.86]| 39.82| 7.89 | 10.76 | 1.46
.: ::ﬁ:}.‘: g:n::“ Srength Greup Classificatioms SI
00~ e values ¢ata frea the specimen less than 4 Stress GCrade Classificatioan s rill

are mot imclwded in the mean valwe.



Tadle IF-2 In-Grade Full Size Speciwen Test: All specimen loaded on the edge (tength 21 times depth).
Static Bending (four-point loading - ultimate properties).

-Lc_

o Average Average Stress Average
Yoroup [ RN E:?e,, P T veauiveor o rmpervican) sgdniag e
Kg/a> (aa) e/ca’ &_é % | ®2 wPa r_;D" MPa spoe | 90 | gpee
75 = 38 515 | .060| 18] 22| 31,70 | 4,70 | 23.64 | 5.53 6.02 1.6
75 x .S24 | 063 18| 7| 42.01]| 6.79 | 32.49 | 4.33 7.70 0.77
100 x 38 | .490 | .059| 26| 33 | 32.51 | 9.40 | 22.69 | 6.82 6.65 1.84
100 x 569 | 01| 26| S5 { 49.77 | 10.40 | 35.65 | ?.50 9.57 1.06
100 x 63 459 .085! 26 3 31.1?7 7.75 | 23.32 | 6.55 734 1.52
125 x 38 | .564 | .052| 22| 9| 32.71| 9.70 | 22.08 | 5.1 7.18 1.62
126 x 50 | .549 | .057| 22| 4 | 47.64 | 5.30 | 33.73 | S.22 | 10.26 1.12
125 x 63 | 487 | .052] 22| & | 43.53]110.3% | 30.76 |11.19 8.45 1.95
150 x 38 | .569 - 24| 1| 38.52 - 32.05 - 10.28 -
K [50x50 a6 | - |au] 1] uese] - 32.25 | - 8.93 -
N 150 x 63 | .58 | .067| 24| S| 38.70 | 2.81 | 28.71 | 4.13 8.33 0.7%
§ ?5 2?5 |.533 | .033] 18] 3| 38.37 | 6.43 ] 26.60 | 4.1 7.4 1.28
100 x 75 | .47272 | .050| 26| 7| 29.29 | 5.06 | 20.26 | 2.9 5.66 1.15
100 x 100 | .499 | .020| 26| 3| 3u.46 | ?7.49 ] 22.23 | 3.30 5.84 1.48
125 x 100 | .445 - 221 1| 36.46 - - | 28.92 - ?7.03 -
%0 x 75 473 | - [ 24| 1| w2.08| - |28.69 | - ?.80 -
163 x 38 |.s23 - 2| 1] 32.83 - 21.06 - 7.81 -
Mean valueese! 4901 .056 1231 §35.10 | 7.42 | 25,17 15.91 | 7.02 | 1.41 !
* Moisture Conmtemt Strength Group Claesifications 86
*® Standard Deviation Stress Crade Clsssification 1 P§

®0® The values data from the specimen less than 4 are not
included in the aean value,



fable I1-3 In-Crade Pull Sise Spocinonltcots All Specimen loaded on the edge (length 21 times depth).

Static Bending (four-point loading - ultimate properties).

Density | Dimension|3ve: T 78 [avelg gl Average — Average Stranml wodeias'of
Group HxV Denaity 133 N.C% . E Rupture Limit Elasticity
xg/a> | (am) g/cwd] 23| % 28] Wpa | sD7° | wPa | SO N900 | gpee

7% x 38 | .357 | .01 |18 5| 2.3 6.30 | 18.31 | 4,78 4,79 1.13
00 x 38 | .359 | .034 |26 |18 | 20.71 5.26 | V.73 | 4.36 b.b? 0.91
100 x 50 | .280 ! .054 |26 | 2 | 12.29 3.08 - - 3.10 0.43
00 x 75 | .378 | .016 |26 | 2 | 26.22 .19 | 17,08 | 2.33 4.75 1.6
00 x 00| .243 | .03 |26 | 3 | 8.1 5.05 | 11.03 | 2.98 4.00 1.61
125 x 38 | 321 | .0vu j22 | & | 72.M 6.13 | 12.66 | 4.88 .43 1.56
§ 125 x S0 | .27 | - 22 | 1 | 26.15 - 16.87 - b.96 -
> 125 x 63 | 359 | - 22 | 1 | 2k.50 - 172.01 - 5.73 -
§ 25 x 00| .320] - |22 | 1 | 15.66 - 10.90 | - 3,11 -
- 150 x 38 | .3722]|.007 |24 | 2 | 22.58 9.24 | 17.96 [11.00 “.88 1.90
150 x 63 | .356 | - v | 1 | 29.48 - 26.72 | - 6.7b -
dean Value®®e | 373 | .027]| 24 21,22 5.58 | 15.08 4.51 | 4.52 1.0%

The coconut palm wood of basic density below 400 kg/m> {g not recommended for load bearing construction uses.

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 recommended 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

*% Strandard deviation

kW

Values from less than 4 specimens

are not included in the mean valucs.




dge (length 21 times depth).
- rade Pull Sise Specimen Test: All specimen loaded on the ¢ g
Table 11-4 In<G Static Bending (four-point loading - ultismate properties

. Ave. ~“ g Average Avesagc Stress H‘X'i.l.of
Deasity | Dimension B |Avelo Modulus of |at Prdportional Modulu
G:l.mp’ ‘ll x W ':::i:. g: MG K .g Rupture Limit Elasticity
Kg/a> (am) g/cnﬂ 35 % |= £ wea sb** | uPa | SD** | MPa |SD
38 x 38 .?774{ .070 16 13| 69.57 13.00 53.74 9.52 10.57 1.53?
> ‘“5 x &S .75 | .066 16 81 70.70 10.38 51.90 5.39 11.80 1.51
2 so x 38 | 211 |.090 | 6 w|us.us | 9.2 | 36.19 [ 9.96 | 9.20 | 1.7
b SO0 x SO .722 | .086 16| 12| 66.06 10.98 L6 .17 8.06 10.77 1.17
q
$ Yoleesse | 731079 | 16 62.58 | 11.08 | 46.27 | 8,34 |10.43 | 1.44 .
38 x 38 | 493 ) .051 | 16] 2| 38.35 | 16.39 | 25.44 |10.76 | 6.38 | 2.03 !
o S x 45 .S47 | .038 16 L] s52.97 15.22 33.82 8.37 7.6% 1.97 T
?\ 50 x 38 .502 | .058 16} 12| 40.99 9.1 29.01 b,6b 7.89 1.94
. .
| vilo0ees | .513( 053] 16 43.98 |10.67 | 30.21| 5.57 | 7.83 | 1.95

* Moisture content
** Standard deviation

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

Density group 600 kg/m3 and above - Scrength Group Classification: SD5

Density group 400 - 599 kg/ma -~ Stress Grade Classification : SDA
NOTE: The above specimens of a cross section dimension below 50 mm were tested in length

21 times the largest depth to obtain strength information of such material for battens
(purlins) to be used for support of roofing shingles.
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2. COMMENTS OB LABORATORY TESTS

2.1. Standard Small Clear Specimen Test - Types of Tailure -

(Static Bending - center point loading)

FIG. 3
TYPES OF FAILURES IN STATIC BENDING
—
SIMPLE TENsIoN
—
CROSS-GAAIN TENGION
SPLINTEAING TENSION
BPASH TENSION
)
COMPRESSION
HORZONTAL SHEAR
Total gpecimens testeds 203
Type of Pailure No. of Specimens Psrcentage
Cross grain tension 107 53,0 %
Splintering tension 82 40,5 %
Brash tension 2 1.0 %
Eorizontal shear® 1 0.5 %
Cross grain and splintering tension 10 5.0 %

® Horizontal shear failure wvas observed for a_specimen tested in
green condition with basic density .93 g/ca’ (highest density
specimen tested),




2.2. Full Size Specimen Test - Types of Failure -

(Static Bending - four point loading)

Total specimens tested: 296

Type of failure No. of specimen Percentage
Simple tension 41 14.0 %
Cross grain tension 213 72.0 %
Splintering tension ) 9 3.0 %
Brash tension 10 3.0 %
Compression 9 3.0 %
Simple and cross grain tension 2 1.0 %
Cross grain and splintering tension 10 3.0 %
Splintering tension and compression 1 0.5 %
Simple tension and compression I 0.5 %

2.3, Commerts on the failure of coconut palm wood under maximum load

In both tests (small and full size specimens) cross grain fail-

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 'splinter

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 ary 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 bases on the

data obtained during this project:

Hard Grade Medium Grade
(densicty above 600 kg/m3) {Density 400-600 kg/m3)

Strength Group

Unseasoned S3 S6

Seasonrd . S5 SD8
Joint Groups

Unseasoned J3 J&

Seasoned JD4 JDS
Stress Grade

Unseasoned F11 FS

Seasoned Fll F5

NCTE: 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
necessary to grade sawn wood (preferably green, directly from the saw)l/

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 Gensity groups. As was discussed already,
small standard specimens (20 mm x 20 mm cross section) have more uniform
average density. The full size specimen density variation is considerahly

larger.

Coconut palm wood should always be flat sawn in order to recosver

material with minimum density variation.

The drawing on the following page explains and shows the range of
the density variation between two surfaces of a piece of wood, 50 mm chick
when sawn from this particular location in the data for full size specimens

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

1/ Some authorities advise grading by density after kilning to allow drying
defects to be taken into account and to base the classification on a2 more

constant moisture content.
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for the small specimen test (static bending) was that the stronger 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 specimen

test 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

Ta 11 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 mm) (4—point loading)

Table I1-5: Comparison of Small and Full Size Specimens on

Test Results

Standazd ssall Pull sise specisens
specimens

. depth larger than depth less thas

Density 50 N -
" 1 « basic| Noan valee |ave. Dasis| Asean value

Sron e ey | "Cof mme . lieneity | ef Ko 1'deseity | ef nEe
kg/ad g/om3 nh _g/on3 XPs _g/ow) nPa

600

and «70 | 19 oT1 95 N} 63
above - .

490 .

to 9 53 «50 35 51 a“

599

belovw

400 3 26 37 3] - -

* Modulus of Rupture

Depth Effect:

The effect of depth on the strength of conventional wood
has been studied by many wood technologists. 1t has been shown

that modulus of rupture at maximum load decreases as the depth

of beam or joist increases. This usually apply where +lie depth
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is greater than 300 mm. Normaliy 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 tabulated 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 ctest,

the effect of depth is included in the reduction factor,

Fp = MR - (2.33 x SD), where

2.22
Fb = uynit working stress in Lending
SD = standard ceviation

The same factor is used to derive stress grade for the full size spe:imer.

It is possible that some depth moditicazion for 2rade stres. of

coconut palm wood joists will be appropria-e.

No 1nvestigation has been made on the effect oif depth on other

mechanical properties.
The srrength-depth relationship is a subject of {uture study com-
bined with correct interpretation of the test data from gre.n and air d-y

specimens.

As can be seen in Table 5, Jdensity of wood (specific gravity) is

the mos: important factor reducing the value of modulus of rupture.
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3.2. 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 mm j'Static bending

(iii) Full size specimen (depth below 50 mmfl_(b-point loading)

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

Standard suall Pull sise specimens
specimens
depth larger than depth less than
Deneity 50 em 50 aa
grovp Ave. basic' Mean valus [Ave. basic| Mean value jave. buie]lou value
density of NEe density of KB® Sensity of HB*
kg/ad | g/ca> NP g/ca’ NP g/’ nPa
600
and .70 10857 o711 10760 713 10430
above :
400
to o951 6680 50 7020 51 7838
599
belov . .
400 31 3100 37 4520 - -

* Modulus of Elasticity

As can be seen from the Table I1, 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 for small and fuil-size

= --mz2ns in static bending with the former being -ested by centre-point

‘e

:z.-z method and the latter by four-point loading method. It was expect-
-:- lower values of modulus of elasticity would be obtained from the -

:-:.. specimen test since it was subject to shear deflection.

-here ic no indication from the obtained values that specimen size

.- -.:Zgrent type of loading in static bending affected modulus of elastic-

- <:- coconut palm wood.

In general, many conventional timbers tested by four point loading
—:---: increase the value of modulus of elasticity in comparisom to three

--_-- icazding method.

_. T ITHER COMMENTS ON COCONUT PALM woOoD

H z-:ef comment on the standard small specimen test and compression

-azllel to grairn.

--- vaiues of 'Janka Hardness" obtained from the full size specimen

:z- at Los Bafios, Laguna, Philippines. See Table 1I-7.

: z:'ationship between modulus of rupture and modulus of elasticity,
-3l of elasticity and unit stress, tasic density and modulus of

zlasticity, basic density and modulus of rupture. See Figs. 5-11.

-— =-:35s5ion Parallel to Grain

The mean values of compression parallel to grain obtained from

:rd small specimen tests are relatively high.

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

of 0.6 mm/min.

(ii) Standard 20 mm x 20 mm x 60 mm which should have
loading speed as low as 0.18 to 0.0l 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 - the plane of rupture is approximately horizontal.

(ii) Shearing - 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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TABILE11-7
Janka Hardness Test

Basic |Average
Condi- ensity |Nominal Tangential Radial End
tion Group |[Density
-:fg_g Kg/m Newtons
> 8860~/ 8750 9140Y/
2 13802/ 12902/ 15702/
- g 693/ .693/ .69/
[ 4
- . » .ou3Y .ou3¥/ .ou8%/
S 3 122/ R4 122/
(-1 O
S
2 . s610 1/ 5390 V s3u0 V
° a 260 2/ 1070 2/ 860 2/
° : 675 .56 &/ .56 &/ .56 &/
- 8 .0u8 &/ .0u8 &/ .on6 &/
° 7 5/ 3. 52
3 2190 V 2190 V/ 1590 V/
5’ § 2060 2/ 2060 2/ 680 2/
. > ko0 33 Y .33 % 33 3
< ~ 091 Y 091 % .091 ¥/
2 23/ 2 3/ 22/

1/ Mean value

2/ Standard deviation of mean value
3/ Average basic density in ‘/c:l3

4/ Standard deviation of basic Jonaity

S5/ Number of specimens tested
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PIGURE 5
Standard Small Clear Green Specimen Test
Static Dending (three-point loading)
Linear Relationship Betveen Modulus of Elasticity and Modulus of Rupture
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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
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PIGORE 7 |
Standard Saall Clear Dry Specimen Test |
Static Bending (three-point losding)
‘Linear Relationship Between Modulus of Blasticity and Modulus of Rupture
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FIGURE 8
Standard Ssall Clear Dry Specimen Test
static Bending (three-point loading)
Relationship Betveen Modulus of Blasticity and Unit Stress
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PIGURE 9
Standard Small Clear Green Specimen Tost
Static Bending (three-point loading)
Relationship Between Basic Density and Kodulus of Blastioity
(Bards .60 g/ca’ and above; Xedivm: .40-- .59 e/ca’)
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PIGURB 10
Standard Ssall Clear Green Specimen Test
gtatic Bending (three-point loading)
Relationship Betwesn Basic Deneity and Modulus of Rupture
(Bards .60 g/oa” and adovej fedimm; .40 = .59 r/ca’)
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1ia0 and the exponentisl cerve fitted to the data points,
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PIGURB 11
Pull sise Specimen Bending Test (four-point loading)
Linear Relationship Betveen dodulus of Blasticity and Modulus of Rupture
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5. SI - SYSTEM INTERNATIONAL UNITS

Unit of Force: Newton (N) A

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.

1 N = l_kg X 1 m , where

g second?

g = acceleration force  9.81 kg m/sec2

NOTE: 1 kg f = 9.81 Newtons (N)
therefore I N o 101 g f
or 1N ~» .2251bf

Unit of Pressure: 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.

1 Pa + 1 N/m?
therefore 1 MPa =1 N/mm2

SI Prefixes:

Giga symbol G = multiplying factor 109 {1 billion)

6

Mega symbol M = Factor 10° (1 million)

Kilo symbol K = Factor 103 (1 thousand)

SI prefixes are combired with unit name as:

6

MPa = Mega pascal = 10 Pa

kPa

Kilo pascal = 103 Pa
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Units of Density (specific gravity): Kilogram/cubic meter (kg/m3)

British Imperial Units:

Gram/cubic centimeter (g/cm3)

2
Unit of Pressure: Pound force per square inch (1bf/in™)

2

Note: 1 N/mm~ = 1 MPa = 145 lbf/in2

Unit of Density: Pound per cubic feet (lb/ft3)

Note: 1 kg/md = .0624 lb/ft>

Conversion of SI Units to British Imperial Units and vice versa

Examples:

1. MPa to Ib/in2

given:

therefore:

given:

therefore:

and vice versa (Conversion factor = 145)
8300 N/mm’ = 8300 MPa = 8.3 GPa

8300 N/mm® x 145 = 1203500 1b/in’

1.2035 x 10° 1b/in’

2 5 2
100000 1b/in~ (10 1b/in™)

5

2
VA = 689.655 N/mm”~ = 689.655 MPa

2. kg/m3 to lb/ft3 and vice versa (Conversion factor = .0624)

given:

therefore:

given:

therefore:

500 kg/m’
500 kg/m> x .0624 = 31.1 1b/ft>

40 lb/ft3

40 1b/fc> = 641 kg/m’
0624
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3. kgf/cm2 to lbflin2 and vice versa (Conversion factor = 14.2)

given: 100 kgf/cm2
therefore: 100 kgf/cm2 x 14.2 = 1420 lbf/in2

given: 1850 lbf/in
therefore: 1850 1b/in® = 130.28 kgf/cm®

14.2
To convert SI Units as:
1. kgf/cm2 to MPa and vice versa (Conversion factor = '0.2)
Examples: given: 100 kgf/c:n2
2
. 14 b
therefore: 100 kgf/cm - 9.8 N/mm> = 9.8 MPa

10.2
given: 12.7 N,’mm2 = 12.7 MPa

therefore: 12.7 MPa-x 10.2 = 129.54 kgf/cml

2. kg/m3 to g/cm3 and vice versa

NS g/cm3
620 kg/m>

Examples: 450 kg/m3

.62 g/cm3
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Relationship Between SI Units

and British Units

aillimeter (mm) 1 sa = ,0394 inch
2504 aa = 1 inch
305 aa = 1 foot
x
& centimeter (cm) 1ca=10m3 = ,394 inch
u »
= 2.54 c8 = 1 inch
(&S] 30,5 ca = 1 foot
-
neter (m) 18 = 39.4" = 3' 3 3/8"
= 100 ca
18 = 1000 aa (10 aa)
aeter square (.2) 1 n2 = 1,000,000 n7(10‘ an”)
= 10,000 uz (10 uz)
2
@ = 1990 inz
= ' X3 7
< centimeter 1 ca = 100 mm
square (cnz) 6.45 cnz = 1 i'nchz
1 az z 195 .nenz
645 mng LY
cubic meter (n’) 1 .} = 1,000,000 ca’ (1O(a5)
. _ 1 a2 21,000,000,000 aa’ (107 aa’)
- 1 8% « 35.3 £t? or 423.6 bd., ft.
-
a of lumber
o cudbic centiaeter
> (c.’) 1 ca’ = 1000 aa’ (105 u’)
.. kilogras (kg) 1 kg = 1000 g (10° g) = 2.205 1b
x 454 ¢ = 1 10
o
[ ]
~)
>
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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 large variation in wood density.

This problem is more p:ionounced in geographically marginal zones (far
south or north from the equator or poor dry soil) where palms are relatively
shert and twisted or bent. Consaquentlv, short 'engths and small diamecter
round wood result in recovery of relatively small dimension sawn material.
Therefore, simple types of construction joints in coconut palm wood must
be investigated 1n detai! and iaformation to produce satisfactory simpie
joints of mecessary strength and stiffness should be made available with
other essential information for successful utilization of coconut 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 Development Institute,
Los Bafios, Laguna. Further testing and different joints should be designed

and tested.

General tvpes 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 made

by cutting G.I. plain sheet approximately 18 Gauge (1.24 mm) with simple

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

or 3.40 mm) 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 axially.

C -

WITHORAW LOAD
LATERAL LOAD

Withdrawal load resistance:

The resistance to withdrawal is related to the density (specific gra-
vity) of wood. 1In 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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Caconut palm woed:

No withdraws] test was carried out at Zamboanga Research Center.
From practical experience 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 percent diameter of mails is re-
commended, especially when nails are driven close zo the end or edge.

Possibility of splitting increases for the drv 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 withdrawal 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) Wich use of nails square shank or spirally grooved.
v) For low density wood, if cement coated nails are used. (1f 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)
ii)

iii)

iv)

v)

vi)

vii)

viii)

ix)

Use correct diameter of nails.

Use correct length of nail in relation to penetration.
Density of wood is only slightly less important for
lateral resistance than for withdrawal.

Correct nail spacing.

Nails loaded laterally should be driven at right angle
to the load (e.g. not skew or slant).

The thickness of a main and side member of a joint

in the two members joint should be equal.

If nails in three member jcints fully penetrate all
three members, the joint will sustain increased lateral
loads.

Clinch nails increase the double shear load to twice the
single shear value.

The lateral resistance is reduced if joint is assembled
from the wood in green condition and will stay such

in the service. 1If wood is dry, lateral resistance

increases.

The lateral (shear) or withdrawal resistance decreases considerably

if the joint members are splirc.

— L ==
= g = L ‘ i
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Basic lateral load on one nail in single shear driven perpendicularly

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

For green coconut palm wood:

Size of Nail Lateral loasd per nail member
J3  Strength J4 Strength
; Density Grgup Depsity grou
G D ’
auge iameter Length 600 kg/s 400-599 k‘/-g
SWG (mm) (as) and above
9 3.76 75 ko0 N (45 kg) 330 N (33 kg)
10 3.40 64 350 N (36 kg) | 265 N (27 kg)
1 - 3.05 50 or 63 1305 N (31 kg) 242 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 recommendation:

Nail diameter

Lateral load per nail in

ungeasoned timer (N)

|

(mm) Joint group | Joint group

J3 I J4

|
I

2.80 225 | 160
I

3.15 275 | 195
|

3.7% 375 I 265
|
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Moisture condition:

If joints are assembled in green condition and dry before used to
- moisture equilibrium (15 - 16%), value of single shear can be increased up
te 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: 1If mecal side nlates are used, the load per nail can be increased by

25%.

Minimum spacing of nails in the joint:

Hole pre bored
8C%¥ of nail diamete

Distance froms

Hole not pre bored
side or edge ole P .

End 20 D 10 D
Edge 5D 5D

Distance between Hole pre bored

Hole not pre bored

nails 80% of nail diameter
‘ Along the vascular
bundles (grain) 20D 10D

Across the vascular
bundles (across
the grain) 100D 3D

D = diazeter of nail
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For coconut palm wood, especially higher density, 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) ﬁsing 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) Staggering 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 penerrate 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: y

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 short intervals) increase of moisture content.

2. EXTENSION OF THE GROUPING TECHNIQUE TO JOINTS

~ 1t 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

ITI-1.

Table III-1
PROPOSED MINIMOM DENSITY FOR JOINT STRENGTH GROUPS

Green tiaber Seasoned tjmbder
Basic donoity Azr-Sry density*®
Group (ks/l ) Group k& -3
J1 750 - JID1 940
J2 600 JD2 750
J3 475 JD3 600
J4 380 JD4 475

® Density at 12% soisture content after reconditioning,

o

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

perties using the value of shear property. Conservative assignment to

J3 is a subject of further review.
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Application to coconut palm wood

Preliminary classification to joint strength group of coconut palm

wood: Basic density 600 kg./m3 and above is assigned to J3 group*.

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:

Tottl huaber of nails per interface
(face between joined amembers)

Condition
up to 4 Iﬁ 10 20 or more
of wood
Value of factor

Unseasoned 1 o9 .8 .75
Seasoned

to 15% MC 1 .95 .9 8

or less T

*

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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: 1/
Withdraval loads for joint strength group - J3 and J4:

Nail diam, ma (Cauge)
Strength
group 12277 (612)13.05 (611)] 3.4 (610)[3.76 (69)
Withdrawval lcad XK/am penetration per nail
J3 1,3 8.0 8.5 9,6
J4 3.8 4.1 4.6 Se1

The above nail withdrawal values are used for conventional timber
assigned to Strength Goups J3 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 wood as it is known from practical experience that the withdraw—

al load is high when splitting of wood is avoided.

1/ 1t should be noted that the latest draft revision of AS 1720

Document DR 83171 recommends:

Withdrawsl load per nail
in unseasoned timber
(N/mm penetration of nail)

Nail diameter

—— v - ——— R e - — ——— — T ——— —

|
(mm) Joint group | Joint group
J3 |
|
|
2.80 8.5 | 7.9
I
3.15 9.6 | 8.4
|
3.7% 11.0 ! 10.0
!

!

|

I

I
-l
I

!
Jé4 I
I

I

I

I

|

|

[

I

s
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TEST OF

FULL SIZE JOINT SPECIMENS

3.1.

Prvde

nail-plate wood connector

Specification:

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

Total penetratiag nails: 4 x 24 = 96

Manufacture recommendation:

~ Safe nail load 11C 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

N

E7.

\Geﬁ\ -

PRYDE NAIL PLATE

Ultisate Test Value

Intnnnoa Ip“u Nodulus |StTess 8t 4oq 1ue

i of m":'l‘ of Zlas- Remarks
I Type of HxW [Density pupture 1imis | ticity
Jotst (wn) o/cs® | w ('R

Average Noisture
Content of Spe~
cisens fe 164

[

+551 22.54 15.44 4.64

Pryde
Comnectore
% x MM

—
095 | 15,00 10.67 | S.47 i
i
i

Type of failure: withdrawal of nail




3.2, Gang-Nail (Philippines) (locally purchased)

Specification:
- Gang nail connectors dimension: 95 mm x 140 mm
~ Total number of penetrating nails: 9]
- Length of penetrating nails is not equal, each alternare row
has length of nails il mm following a row of 15 mm.
- Galvanized steel
~ Thickness: 1.2 mm (18 G)
- Average yield stress: 280 MPa
~ Average tensile strength: 380 MPa
- Safe load per tooth parallel to grain: 160 ¥

- Tcoth density: | tooth per 146 mmz

MATI-NAIL CONNBCTOP

Ultimate Test Value

Stress ati jodulus
Dimension |Basio lognlua ofal |of Elas~-| Remarks
]

Type of BzW  penmty pof. ticity
Joint (wa) /m3 e we | 90X

« 159 24.04 17.09 7.12 | Average Noisture
594 | 24.68 16.83 6.11 Content of Spe-
0329 | 12.48 | 7.8 3.50 | cimens is 19%

518 | 23.86 | 15,07 4.35

Gang Mail
Connectors
100 x 38

Type of failure:
For higher density wood, vertical shear in place.
For density .329 g/ch, cross grain tension failure in wood.
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3.3. Multiple nail joints

Multiple nail joint - A

Ultimate Test Value

| . . Nodulue [Stress &Y yoqulus
Dimension | Basic of PNW{’ of T'as-| Remarks
Type of B xW pensity Rupture | t1OM | ticity
1000
Joimt (em) g/cn]  wpe WPe MPs
MM o~
o g ; 75 x 50 .680 33.06 13.78 6.35 |Average Moisture
x content of spe-
.% E - -580 | 25.27 15.66 6:28 | imens is 184,
¢ . ;
35,
= e o~
Nail Spacing:
4 460 mm.
’ 1 230 mm,
. 1
lr 17.8 mm.
S . * . L
——e e
, ° —__lioma
d ® ® | O M.
N R [Tomn.
L 17.Emm,
}
Iwmlrvmlumleom 2
Joint Arrangeaent and Penstration of Nails:
[ 1 |
v
< BHEE —>
1 H J
NAILS I SNGLE SHEAPY
Nails: CW - 64 mm, 3.4 mm dia. (G 10)

14 for each side (Total 28 nails)

Type of failure: Cross-grain tension at main member and wood splice,
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Multiple nail joint - B

Ultimate Test Value

’ [ : TStress af T
Dimension | Basic | Nedulus | “Propor-| Modulus Remarks
of tiomal | of Elas-
Type of HxW Density Rupture Limit ticity
Joint (mn) /3| e we | 10X

636 26.59 19.48 6.53 |Average l:ilturo
ntent
00x 38 | 707 | 37.98 | 19.88 | .57 |Somemte hg

Wood splice
plates (100 mm x

25 mm x 600 mm)

Nail Spacing:

20mm,
g M.
-

I8mn.

|
+

|
!

20 mm,

S

|

6O Mm 180 "W 1O N leom'?onlﬁ'

Joint Arrangement and Psnetration of Nails:

1 L
R
L i1

NAILS IN SNGLE SHEAP

Nail: CW - 64 mm, 2.4 mm dia. (G 10)
20 nails or each side (Total 40 nails)

Type of failure: Cross-grain tansion at main members and wood

y splice (plates splic along the nail line).
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Mulciple nail joint - C

Ultimate Test Value

r Stress at
. . us Modulus
Dimension Pasic '°3§1 {{332{‘ of Elas~] Reaarks
Type of BExW cnlit; Rupture ticity '
int 1000
Joi m) |eg/ca3| wra Pa MPa
X o~ )
] i | Moisture Content
E « 3 75 x 38 530 12.60 9.05 3.29 of Specimen is
*® = < 16%.
M
§: 4
55,
o o -
Bail Spacing:
:
] 230 mm.
( 18.3mm,
- (-] —-'J"—
E IS mmMm.
" ° 1o mm
& -] - —a ’
is-8mm.

-4

| ] L]
1

3o 42. s!az 514.2.51 @.6I%0]

Total number of najils. 28

Galvanized iron, box type nail, 38 ma long and 3.4 am diameter,
Type of failure: Brash tension in both plywood splice opposite
the butt joint of main members,

ya 4 77
"I

Schematic drawing of a joint assembly

(main members end joined)
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Miiciple nail joint - D

Ultimate Test Value

Nodulus [5rees at{y 4.1,
Dimension | Basic| "o, :{°’°f‘ of Elas~| Remarks
Type of HxW [Density| pupture | ;1o | ticity
Joint 1000
(om) gcad| wps | WP MPe
L]
c 11 100 x 38 (.749 | 15.47 | 12.89 | 5.18 | Moisture Comtent
- of Specimen
= 3 ég is 184,
-z
o M
5]
.‘3
~a?
Nail Spacing:
800 mm,
1 800 mm.
ssmm,
> ® [ ° ™ ——— s
& asmm,
€ ® ] L ——
8 ' asmm
- o ® [ 2 L —————
asmm,
I
I .
30 |40mal q0mml 40mn| 40 el 40 30

Total nuaber of nailgs 44
Gelvanized irom, box type nail, 38 am long and 3.4 aam diameter,
TYpe of failure: Brash temsion in both plywood splice - close

to the dutt joint of sain members (follovir‘ neil line),

- - 7 27—
T ‘

Schematic drawing of a joint asgembly
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3.4, Scarf joint with dowel

Ultimate Test Value

Dimension |Basic l(od;lnl Stress st H;du:]l.u- 2 x
°
Type of H x v [Densiy ln;turo ofal” ct,mh;'.7 neres
t
T T (an)  |e/em3| ape | mra | 90
gcsrf zith Moisture content
owel (2 of specimen
nails each 100 x 38 | .794 | 6.46 2.87 3.83 is 16,5 %,
side)
icari zith Moisture content
ove 1 of specimen
nail each 100 x 38 | .719 3,28 1.40 1,11 1s 16.5 %,
side)
2 C.w.NAILS 64mMm.5 2.4 MM, DOWEL (GLUED) 30 mm. X aomm.
e .
8 mMmn, / oS f
251'1."1;
E ! |
!
8 | 45° Dy .
~— -
l \-—-/ I \— —Z 1ALS
f 280 mm, 1

SCARF JOINT WITH DOWE _

FAILUPE :

Cross~-grain tension

"NOTE: This type of scarf joint i{s commonly used in the Philippines,

thus the value i{s more decorative as the strergth of joint

is low.
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4, GLUED JOINTS WITH REFERENCE TO COCONUT PALM %“OOD

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 utilizgtion 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
experimertal 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 number of simple tests were, however, carried out in the division
laboratory such as '"Chisel test", "Boiling Test' (72 hours) which could

be considered satisfactory.
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Four ccconut palm wood specimens were tested at Forest Products

Research and Development Institute laboratory in Los Bafios, 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: .340 kg per m° (.75 1b]lO ftz)

Clamp spacing: 350 mm (14 inches)

Pressure applied: .69 MPa (100 1b|in2)

pressure is applied for 20 hours.
A normal curing period: 6 - 10 days depending on the room

temperature.
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4.1. Horizontalily laminated wood
Ultimate Test Value
Stress at
Dimension | Basic '°d‘f‘1“’ Propor- | Modulus
0 tioral [of Elas~| Remarks
Type of H x W Ppensity] Rupture Limit ticity
i 1000
Laninae (mm) g/ca3 WPa MPa MPa
z -:, 8 « 196 85.82 55.43 14.50 Average Moisture
s - content of spe-
£ 3 ~ «722 | 719.73 | 56.55 Ba17 | rens is 164,
)
2] (e
L B
(=]
=

)
2

was applied perpendicular to the laminase.

LOAD

L 76 mm. ¥

Types of failure:
l.
2.

Cross grain tension plus glue line failure

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

Ultimate Test Value

r Stress a{ odulus
l Dimensioa | Basic log‘fﬂu' Propop- ::f glu- Remarks
Type of HxW [Density pypture | Fi2P% | ticity
: 1000
lamimae (zm) g/cmd Wa WPa '¥Pa
Vertically | .5 .80 | .,747 | 64.47 | 47.74 12.61 | Moisture content
laminated® of specimen
is 16%.

# load was applied parallel to the lsminae. -

76 Mm.

|

ma,

80 mm.
UERTICALLY LANINATED

'Type of failure: Cross grain tension below the loading point.

"It is of interest to compare the test data for glulam with expecced
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values. From Table II-1 the mean strength for the 'hard' grade of struct-
ural size timber is 54.5 MPa. From Table I-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. MPa. This compares
with the values of 85.8 and 79.7 MPa for horizontally laminated timber
given in the Table on p.83, and the value of 64.5 MPa 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 I-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 particularly well but, considering the variability in the structural

properties of coconut wood, are feasible.
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