CHAPTER 1V

RESULTS AND DISCUSSION

In this chapter the research findings of important parameters fror pical
properties such as . moisture content and basic density of oil palm truifk ). and
mechanical properties of strength between those of dry OPL an sified gum

rosin-treated samples are reported. The studies were performcwcer to assess the
variability of physical properties within the trunk. ?

4.1 Physical Properties of Oil Palm Trunk
In general, OPT log is inherently an L

consideration of its physical and mechanic

4.1.1 Moisture content %
Values of mczm&N
. atlna(é')\ ariations of MC among the samples

tree heights is giv ul@l 4?

: N3
(from wroup A, proujp. -1 Yin m@ direction at 1-m to 6-m of tree heights are
s
as follows: ] ‘1ghl MC range d@\\ een 202.65% and 292.09%; 2-m height, MC

hery zone of fresh OPT log with

J

ranged 1 1 154.64% and 92.11%:; 3-m height, MC ranged between 178.75%
and4Qd9.0Po: 4-m height, MC ranged between 168.51% and 349.42; 5-m height.

MC ranged between 193.32% and 368.25.
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Table 4.1: Mean moisture content in pith to periphery zone of oil palm trunk with tree

heights (%. based on oven-dry basis)

Positions of test sample in pith to periphery zone

Height

(m) Inner Zone Middle Zone Outer Zone
1 202.65 (24.18) 238.73 (23.99) 292.09 (7. z
2 154.64 (12.82) 104.23 (16.02) 92.11 §5.53

178.75 (8.38) 297.61 (16.42) 349204 (18°67)

4 168.51 (10.38) 302.34 (15.64) 349,28 (19.01)
A

(5]

5 193.32 (12.28) 285.17 (9.49) Ys._s (16.17)
6 177.26 (10.23) 351.72 (15.26) 399,06 (26.41)
7 198.61 (26.30) 286.70 (22.45) 92
8 190.12 (26.92) 3 doﬂ}v
9 210.61 (17.74) 356. oA a X5
10 208.23 (20.26) 2 16.96)

) iqksl sample

ry
c)@ test sample
teyf s mple taken in

Standard error of the mean is shown in pare i
taken at 100 mm to 150 mm from the p migldle
taken at 50 mm to 100 mm from the pith and¥inng

the pith to 50 mm in radius

S
&
The MC value at 6-m heb z 1g¢r elween @6% and 399.06%: MC at
1%

7-m height ranged bclwcu% \
between 190.12% zmd&X%' l\/lC 9-rPPeight ranged from 210.61% and

425.82% while the 1\&}0-1
Figure 4.

tree heights Aur\'cs indicate cl@c: observed in the MC values for test samples

e and inner zones. As was seen for the sample position studies, these

lJ}

v

N
png >tween 208.23% and 373.30%.

dlr@butmn in pith towards periphery zone with

of outer:

move from the peripheral towards the inner zone with tree heights.
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Figure 4.1: Spatial distribution of moislur@in

palm trunk with tree heights \T

—
2
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g

These results suggest that weyglkely Theh)eh g at the mner and middle
'
zones are due to the presencC arcK W gyssues in large quantities than
those of the outer zone \ph\ lKﬂl I'udi@ al., 1997). Killmann and Lim
N, &)

(1985). in their 51“‘1}'% ef @t P! f@¥sture content of similar magnitude
(ranging from 100 Op00%) Iwly thedVhest value near the pith and the lowest
value at the pcq&v. {,

In @«VS]S of variance (ANOVA) results taken as a stem whole. the
diﬂ'cr@MC were significant among positions along the radial direction, F(5
534) = 145.76, p=.05. From Table 4.2, it was clearly showed that the MC was

highest in pith ranged from 359.31% to 366.73% and lowest at the periphery zone



ranged from 192.03% to 195.11% while MC at the intermediate zone ranged
between 290.66% and 301.06%
A post-comparison analyses using the Scheffe post hoc criterion for

significance indicated that the zone effect between the inner, middle and &zones

proved to be highly significant (p<.05).

Zone Number
U Min
specimens
Inner 90 359.31
Middle 90 290.66
Outer 90 192:03

*Values assigned the same letter do not 4ggtisti

confidence level, SE is standard error of the 1 . oyter (

taken at 100 mm to 150 mm from the pn%idle (in xbd
l 1 [e

at S0 mm to 100 mm from the pith andégner hith) sén

2
'@me at 95%
11y a test sample
st sample taken
; I\

en in the pith to
50 mm in radius f Q’
Table 4.3 shows the %zon of

o

MJftd liésample positions and height.
£ &

The MC distribution dndl l \c' Was s'u\ correlated, r (540) = .28, p<.01.

two-tailed. Pearson’ s dll n pe h t 4(“ within OPT bole proved that the

mean value of M

correlation \\'hus‘o

position ang

axui 'thia m ase in heights. There was no significant

paring lhu ms]z%&:m value for the MC from the same spatial

whis. However, when the variation in radial direction is considered,
the MC Y egatively related with sample position. These results suggest that it is

likely the MC value decreases with an increase in the distance from the pith to

periphery zone.



Table 4.3: Correlations of moisture content to sample positions and tree heights

Moisture Sample Heights
Content Position
Moisture content — -.03 n.s gEF
Sample positions -03 ns — @
Heights 28t .00 n.s 4

#% Correlation is significant at the 0.01 level (2-tailed): n.s denolcswavlislicall_\'

significant e
4.1.2 Basic density q '

Table 4.4 gives the mean of BD values, in PRg lowgray hery zone of
] ‘¥

'a ¢ the test

I @y’m heights are

¥ m™; 2-m height,

freshly felled OPT with tree heights. In generg vations of]
samples (from group A, in subgroup A-2) in1
as follows: 1-m height, BD ranged bew

BD ranged between 224.17 and 3t. it BD ranged between

191.48 and 327.48 kg m™: 4-m hay ' & 196.88 and 344.66 kg m”

3. 5.m height, BD ranged bety

between 174.11 and 217; & @Feht.BD ranged between 168.15 and

307.41 ke m™: 8-m¢ght. rang 1 b‘ n 164.31 and 306.89 kg m™; 9-m

height. BD rang @ 1444 ’l 1 kg m? while the BD of 195.60 and

289 90 ko m% catdll 0- r{ﬂ ight level.
IKA distributions in lm\uuds periphery zone of OPT with heights is

she \%ﬂuu 42 The curves indicate that test samples obtained from the pith

ighest value at periphery zone and the lowest value in pith.

'S

S€ to having the h
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Table 4.4: Mean basic density in pith to periphery zone of oil palm trunk with tree

heights (kg m™ |

Positions of Test Sample, in Pith to Periphery Zone

Height
(m) Inner Zone Middle Zone Outer Z
1 222.55(16.31) 266.65 (21.74) 203 2603 95)
2 224.17 (5.53) 248.35 (11.57) 38 14? 1.73)
3 191.48 (2.28) 228.57 (11.97) 8 (19.10)
4 196.88 (3.42) 218.04 (6.14) Vu 66 (19.94)
; o |

N

185.80 (5.51) 223.34 (3.8% i 354.37 (23.31)

6 174.11 (4.16) 193.57 ( 31748 (38.72)

7 168.15 (10.34) 231.46 BO8) )141'&,35)

8 164.31 (7.98)

10 i
9 164.14 (6.02) AN E‘zr (8.86)

ﬁ% 289.90 (6.37)

1s a test sample

10 195.60 (9.75)

Standard error of the mean is shown in p‘
dkgn at 100 mm to 150 mm Ilon

taken at 50 mm to 100 mm from t 1 f

pith to 50 mm in radius \ " Q’
Y' E\

As was seen for Ihu%’ pos on y’ igure 4.2), these results suggest

that all samples Icnd m a ”Il]( lual)decreaegrin BD as the sample positions move

& L) is a test sample

st sample taken in the

—"

from peripheral 10 s nngr $0RE ,ilh heights. These results suggest that it is

likely the hig lkp tey 1@1 zones are associated with the presence of

pé uukh\\ tissues in low u

\(‘gunl compared to the inner zone.
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Outer (periphery) is a test sample taken at 100 mm to 15
(intermediate) is a test sample taken at 50 mm to 10
(pith) is a test sample taken in the pith to 50 mm in ¢

Figure 4.2: Spatial distribution of basic density 1

trunk with tree heights

311.78 and 314.43 kg m™ and | N g een 191.12 and 103.34 kg
m™. while BD at the middlc%” g : and 230.23 kg m™.

Basic Density (kg m™)

Zone i
i Mean*® Max SE

xm\ / ) 103.34° 299.75 3.56
‘% 87 999195 227.11° 230.23 4.67
\m' 87 311.78 312.59¢ 314.43 721

AT assigned the same letter do not statistically significant difference at 95%

confidence level. SE is standard error of the mean, outer (periphery) is a test sample
taken at 100 mm to 150 mm from the pith, middle (intermediate) is a test sample taken
at 50 mm to 100 mm from the pith and inner (pith) is a test sample taken in the pith to

50 mm in radius



Table 4.6 shows the correlations of BD to the position of test samples and
heights. The BD distribution was negatively correlated with heights, r (522) = -.26.
p<.01. two tailed. This proves that the mean value of BD decreased with an increase
in heights. There was no significant correlation when comparing the 1espch‘nlue
for BD from the same spatial position. However, when the varigt radial
direction is to be considered, BD (r = -0.04) was negatively r %111 sample

positions (periphery to pith). This means that it is likely the vNgg BD decreases

from periphery zone (E-outer and W-outer) towards the pi ;izmu and W-inner).

Table 4.6: Correlations of basic density to sample

Basic
Density
Basic Density — \
Sample positions -.04 n, .00 n.s

Heights

#% Correlation is significan

Pu Q
0.0 (2-1'&%: n.s denotes not

statistically significant

enerally defined as a zone developing

s where its characteristics and

section™® higher densities was concentrated in the periphery zone and partly in the

intermediate zone. Depending on tree heights, the OPT log with the BD of 250 kg
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m~ and above. is mainly located outside a distance of 86 to 139 mm radius from its

pith.

4.2 Impregnation of Oil Palm Lumber with a Gum Rosin Y.
The successful performance of a bonded OPL product is ®ree of

wetting of gum rosin used. Like other types of wood adhesive. the guM rosin will

stav bound together if the degree surface tension value of theagun osin 1S greater

than the surface-free energy value of OPL substrate. Cor rsiSr. when the surface-
) gdf

free energy value of the OPL substrate is higher than { th in it allows

¢
o

L 2
the gum rosin to uniformly wet the OPL surfaces. é | S
| . s i
Sulaiman and co-workers (2009) memu?‘lhal\he\ ntacQ_mgle on the

surface of oil palm veneer was lower than II%N@'\ Ed.

gh Re ability for OPL

r'hj.h‘@ will result in better

is partly due to high content of grounde_ arenchy
refations

penetration of gum rosin. A positivigsadnr

surface wettability and glue bondgssggtth §O imgl’lly (Chen et al., 1970).
(—) N
4.2.1 Penetration of g@in gito lux@ matrix

Ny | 4
The \'ucuumG}lm W voc& used seemed to work well for the
O

impregnation oY vitlg }osil 1d it entered the lumber sample at a fixed
point \\'hcrc\ th resistance of &M rosin flow was minimum. The sample surface

cause %

cro-flow which progress between the vascular bundles and its

vl tissues. resulting in a non-homogenous flow front at the sample ends to

that of the gum rosin. The resulting distance between the flow fronts is called lead-



lag. is shown in Figure 4.3. The length of the lead-lag depends mainly on the
permeability and the surface area of the sample used (Gabrielli and Kamke, 2010).
Permeability is a geometric parameter of OPL, which quantify how easily the
gum rosin will flow through it. This geometric parameter is taken into au?!lhe
N
porosity, which is the amount of void space in the OPL and is related t % volume
fraction (Lopatnikov er al, 2004). In resin infusion processymle higher the
permeability suggests relatively shorter vacuum suction time isw ed, which may

’i@us'

impose some limitations particularly if the gum rosin used

flow ﬁ@ 1

Gum Rosin
Adhesive

Ficure 4.3: Creation of a leg ajr

N
@011 palm lumber during the

resin imprchwn
For the VI£Ne J\ tl

f

) tookapfroxNrately two hours for wetting of the lumber




the rest of parts. If gum rosin gelation occurs before the sample is fully impregnated.
a dry patch remain in the sample.

The precise reason for resin impregnation was not clearly understood. It was
difficult to apply the Darcy’s equation to directly predict and measure per?&lil)'
because of the challenges in controlling all the variables (Patel er (q S5). For
instance. OPL sawn from the same positions and heights of OPT Pi )
significantly different microstructure, and therefore, will inﬂuw;c permeability
of the lumber sample (Waterhouse and Quinn, 1978). Y.

Initially, problems of continuous resin flow with 1e m llWied lumber

seemed unavoidable. It was noted that drying o@ causds

“inactivated” to resin flow due to (a) exudation Wrac ™SS

*
Y-
s‘q@ to be

the Sface. which

ioanir' wood surface

lowers the wettability or hides the surfdgg r
molecules, which reduces wettability ot bondihg S (T

large micropores in cell walls (Chri

w
=
—
—
=
=)
(]
7]
7]

of lumber sample

Moreover, at the beginni resi

ure. The internal pressure.

O

could resist the compressiveTorge o
‘usiogb vhich in turn, will indirectly lead to

however. changes durin&u\wur‘g
. N Dy O i
changes in the perm v of the }ﬁmb nple due to compaction of the sample
N3
cl ¢ﬂ ) j)

N

ich to direct 1]19&90\\' of resin homogenously within the lumber

under vacuum (g
Onegd ‘
samplg %cisc its surfaces with narrow grooves and channels (10 mm long) at

the ™l ends is shown in Figure 4.4. Provided the incisions are not too frequent

the lumber is not weakened and the gum rosin can enter the lumber through the

6



exposed ends in each incisions under vacuum treatment, and form an envelope of

treated wood. which is slightly deeper than the incisions.

Groove ch;nm?
o ‘l '3
X

o1l palm
lumber

Figure 4.4 Positions of groove and Mgt SC ¥ v 0f resin used into the

matrix of oil palm lumm ¥ \A

matrix of lumber s;ch“C tgeMyquip lt“,gl’d to eliminate the formation of resin-

‘“‘Qﬂi (}'_\’ pa ﬁ{n the sample. and therefore leads to the

hh
success of reg ins f¥sion. For the ()E,Q{.‘umplcs. mean amount of gum rosin absorbed

\un to infuse the resin per unit volume of the lumber sample was 0.69

!

rich or stan ed a

and the um

o cm . Nyl .d s em™, respectively.

et



4.2.2 Effect of gum rosin and densification treatments on dimensional stability

The antiswelling efficiency (ASE) values, which was calculated on a
volumetric basis and represent the amount of swelling that gum rosin resin treatment
prevents when compared to the swelling of a control samples. show lhatvow
molecular weight gum rosin resin was able to impart a degrees of 1%\310 the

densified gum rosin -treated OPL. The densified gum rosin -tregt L vielded

ASE values (Table 4.7). are as follows: Outer zone ranged 1‘1‘0w

Inner zone ranged from 0.96% to 10.07% while ASE val rMeed between 1.20%

and 10.02% for Middle zone. \d
L
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Zone Number
of SE

Specimens
Outer 9 2.46
Inner 9 1:07
Middle 9 1.04

*Values assigned I)&C letteg do Ot sla@lly significant difference at 95%
confidence level, wln ngdard s the(mpan, outer (periphery) is a test sample
taken at 100 mm & g frém

nn }

’111. dle (intermediate) is a test sample taken
at 50 mm to rom ghe I

50 mm in rggiut ?

&

(Obataya et al., 2004). Gum rosin is located mostly in the cell wall of vascular

bundles and yields dimensionally stable composites (Kumar, 1994).
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The amount of water absorption was reduced by 75.22% to 79.09% (Table
4.8). It was noted that polymer grafting may have been taken place with reactive
group on OPL component within the cell wall while ungrafted bulk polymer was
formed in the OPL voids (Rowell e al., 1982). The gum rosin used was pted
cither in cell-lumen (Schneider, 1995), in cell-wall (Furano er al @) or a
combination of cell-lumen and cell-wall types (Schneider et al., 199TF A typical

SEM image of the vascular bundles of gum rosin-treated sampiggs ghown in Figure
Nd.
NS

Table 4.8: Variations of water reduction in pith tg, Phery zgne dsl}ﬁhed gum

rosin-treated oil palm lumber \ \3.

4.

n

Zone Number &
of @‘ SE
Specimens
pecimens fk
Outer @0_24 3.79

Inner

Middle 98.92 3.54

&1} m;’rsigniﬁcam difference at
Qﬁ)@ mean, outer (periphery) is
mm from the pith, middle
m to 100 mm from the pith and
to 50 mm in radius



(a) VB filled with a gum rosin (X80) (b) VB filled with a gum rosin (X150)

Figure 4.5: Typical SEM photomicrographs showing the disl% 1 of gum rosin

within the vascular bundles of densified g nw-lreated oil palm

lumber

4.3 Flexural Strength of Oil Palm Lumber Yv \‘. Y\-’

4.3.1 Dried oil palm lumber CV 1
Table 4.9 gives the mean Ve h '%9 in pith towards

periphery zone of matched dried O pl& (frpee 110@ in subgroup B-1). In
&

general, variations of the MOR Er éﬂﬁ)l s in radial direction with

height are as follows: 2-m Wy MOR ra W’ bgveen 13.13 to 24.68 MPa and

MOE ranged between K 1Q ll 00732 4 -m height, MOR ranged between

10.97 t0 20.29 MPa \10 %in (él 1.781.61 to 3,295.09 MPa while the

MOR and MO N lu’( { nbc@ween 7.26 10 19.22 MPa, and 1,178.23 to

3,120.83 M spull\d\’ 53’
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Table 4.9: Mean flexural strength in pith to periphery zone of dry untreated oil palm

lumber with tree heights

Height Sample positions
(m) Outer Zone Pith Middle Zone
MOR MOE MOR MOE MOR i
(MPa) (MPa) (MPa) (MPa) (MPa :
2 24.68 4,007.32 13618 2.131.54 20.65 3,352.19
(2.68) (435.67) (1.04) (168.11) (HA (187.73)
4 20.29 3.295.09 10.97 1.781.61 18.78 3.049.12
(1.86) (302.06) (1.04) (162.69) (13 (206.14)
6 19.22 3.120.83 7.26 1,178.23 16.7 2.719.53

S (2.55) (414.28) (0.31) (49.92) w) (212.05)

Standard error of the mean is shown in parenthesis, MOR is modulys of Whture. and MOE is modulus
of elasticity. outer (periphery) is a test sample taken at 100 mm nm"ﬁ'om the pith, middle

(intermediate) is a test sample taken at 50 mm to 100 mm from d inpet (pitg is a test sample
taken in the pith to 50 mm in radius

N

In general, mean MOR and MOE \'ulqu"e hi \10.1 the gg hery zone
and lower in pith. This indicates that the %m WO

%hosc WaY ?}
o
N

For OPT log, a dccrcnsix"
,\0\\' IS g%pilh. This proved that the

apparently going from the o lcw«ms
nl‘('wé}hc variation in moisture content

strength of woody portion \{‘hi
and their basic dcnsil}'@ (K
]

the periphery was significantly stronger

need to effectively gagde g0 engureal
needs are capilszmn it opréido d?e ‘mine structure serviceability.

0 values for MOR and MOE of OPL scantling (from group B. in
subgroup B-2). taken in pith towards periphery zone in east and west directions with

tree heights, and treated with gum rosin is given in Table 4. 10. In general, variations
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of the MOR and MOE among the samples in radial direction with height are as
follows: 2-m height. MOR ranged between 18.31 to 43.21 MPa and MOE ranged
between 2.972.41 to 7.015.85 MPa: 4-m height, MOR ranged between 14.98 to
3989 MPa and MOE ranged between 2.432.63 to 6,476.53 MPa while the M d

N

MOE at 6-m height ranged between 15.08 to 34.15 MPa, and 2.448473 5445

%]

MPa. respectively.

Table 4.10: Mean flexural strength in pith to periphery zon§g 1si1icd gum rosin-

Height (m)

treated oil palm lumber with tree heights , \d
L
|

Quter

MOR MOE MOE

(MPa) (MPa) (MPa)

2 43.21 7,015.85 6.930.23
(3.34) (541.59) (449.56)

4 39.89 6.476.53 5.109.91
(4.13) (670.69) (201.74)

6 34.15 5.544.52 5.344.33
(2.63) (427.63) (515.70)

e ~

Standard error of the mean is shm\N' el OR A%{odulus of rupture, and MOE is
modulus of elasticity. outer (periph W o el S take 100 mm to 150 mm from the pith.
0 myh p I8Emm from the pith and inner (pith) is a

middle (intermediate) is a test g&mpl aken atjp
test sample taken in the pith to'S n radiy

Based on resy \]k St Qf @mcd gum rosin-treated OPL had
increased by uppri@ y 4% cﬁﬁ those of the same matched dry OPL

samples. This iNic¥es that suffici RZmounl of eum rosin had penetrated and
| & g

bulked intdNQMWOPL using the vacuum infusion technique. and followed by a

’
&

\rocess. 1t was noted that most of bending samples failed normally.
first in compression followed by a simple tension. It is believed that the presence of

gum rosin (which is either cross-linked with the cellulose or bulked the fibre walls).
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increased the support of the samples and reduced their buckling under the
compressive load (Fry, 1976).

The histogram (Figure 4.6) serves to reduce and consolidated the data
collected of MOR and MOE values of dry-versus densified gum rosiwuted
samples of OPL scantling with tree heights, in this series of mechani@li@s of

strength studies. The lengths of the bars shown indicate the distggee o respective

2 MOR of densified gum rosin-tre:
} MOR of densified gum rosin

\ I MOR of untreated dry
‘ MOR of untreated dry
MOR of untreated

—_— e N N U do 4o U
o U O il e n O N- <

Modulus of rupture (MPa)

N

&
Height (m)
N

‘v’

Figure 4.0, wcs of modulus of ripture in pith to periphery zone of densified gum

L sin-treated and matched dry oil palm lumber with tree heights

Treating the data in this manner makes it possible to compare the degree of
variations to which the various OPL scantlings retain each of the observed

03



mechanical properties of strength. Hence, the need to portray the results of variation

in strength properties more than just one style. From this histogram, the expected

mechanical properties of strength for each individual test samples in relation to

treatment types could be identified. This data was recorded in the summYUble.

which appear in Tables 4.9 and 4.10. It was then possible to use 1!1@}1\1@5 1o
der

calculate the changes in strength properties of interest, in h facilitate

comparison of within-treatment types in a more quantitative apy
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