International Journal of Engineering & Technology, 7 (4.26) (2018) 35-39

International Journal of Engineering & Technology

Website: www.sciencepubco.com/index.php/IJET

SPC

Research paper

Oriented Strand Board using Smaller Strand Size as a Core
Layer

Nor Yuziah M.Y.*3, Nazri W.M.*" & Jamaludin K.}, Rahim S.?

Faculty of Applied Sciences,Universiti Teknologi MARA, 40450 Shah Alam, Malaysia.
“Forest Research Institute Malaysia, 52109 Kepong, Selangor, Malaysia
®Malayan Adhesive and Chemicals Sdn. Bhd., 40200 Shah Alam, Selangor, Malaysia
*Corresponding author E-mail:wmdnazri@pahang.uitm.edu.my

Abstract

As a direct effect of its rapid growth, Leucaena leucocephala tree could be a leading raw material for bio-based composite panels. This
fast growing tree and lesser used species in the wood industry can expand the choice of raw material for production of value added prod-
ucts. In this study, board properties of OSB using smaller strand size of Leucaena leucocephala as core layer, physical and mechanical
properties were found to be affected significantly by board density and resin content except for MOR in minor axis. However, strand size
did not affect physical and mechanical properties except for MOR in major axis. Effects of board density on the mechanical properties
were found to affect significantly different. The board density showed a significant effect on thickness swelling with a positive correla-
tion. There is no significant difference on bending properties, internal bond strength and thickness swelling between combination of
strand size of S1+S3 and S2+S3. Effect of resin content on bending properties showed significant difference of MOR in major axis and
MOE values in both major and minor axis. Generally all treatment of OBS passed the general requirement of general purpose OSB even
when the resin is as low as 5%.

Keywords: Strand, density, resin content, phenol formaldehyde, bonding.

board is shown in Fig 1. The board utilized smaller strand size of
S3 as core material in the manufacture of OSB using eight-year-
old wood strands of Leucaena leucocephala wood.

1. Introduction

The popular panel product of choice in Malaysia is plywood, in
which it has contributed up to 20% of major timber and timber
products for Malaysia export in 2016 [1]. The reduced supply of —* | cuttolength | [ cutintobilets | —*| Debarking |
good quality and big diameter timber is a good reason to look for |

an alternative panel product which can supplement the plywood ‘

usage. Orientated strand boards (OSB) comprises of strands with [ soreening | +— [ Prediy | «—[ stranding |
larger length to width ratio normally aligned to efficiently obtain l

high strength. In Norths America it has replaced plywood in areas
> | Mat forming |_. ‘ Pre-press | —» ‘ Hot-press ‘

such as sheathing panels for wall, roof and floor application [2]. It
utilizes smaller logs with lesser quality imposition than plywood.
The smaller log, likely from faster growing species can elevate
pressure of getting supply from current forest bank of Malaysia.
Leuceana spp. is one of fast growth species that Typically OSB
will be produced in as three layers with coarse strands as core and
smaller strands as face and back.

| Testing |q—| 0SB board ‘q— | Edges trimming ‘

Fig 1: Manufacturing process for oriented strand board

Smaller strand size of S3 or fines is considered to be any wood
particles that pass through a 6.3 mm screen and remain at 3.2 mm
screen. They are an inherent by-product of the stranding process
and used in the board as filler material. They contribute to the
mass of the board but are assumed not to affect the final volume of

2. Materials and Methods

In this study, Leucaena leucocephala wood was used as the raw
material and phenol formaldehyde (PF) resin as a binder with 3

levels of resin content of 5%, 7% and 9% based on dry weight.
The board dimension is 380 mm x 380 mm with a thickness of 12
mm. In general, the manufacturing process for OSB starts with
debarked logs which are then sliced into thin wood elements. The
strands are dried, blended with resin, and formed into thick,
loosely consolidated mats that are pressed under heat and pressur-
ised into boards. Flow process to manufactured oriented strand

the board. An optimal manufacturing would operate at a balance
of wood strands and fines that meet the strength requirements and
minimizes the raw material cost. In this study, strand size of S3
was located in the middle layer of the board while strand size of
S1 (strand width 19 to 12.7mm) or S2 (strand width 12.7 to
6.3mm) were located at the face and back layers.

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.
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3. Results and Discussions

Table 1 exhibits the properties of OSB according to board density,
strand size and resin content. In the manufacture of boards having
target board density of 700 kgm™, boards from S1S3 with 9%
resin content gave the best value of physical and mechanical prop-
erties (MOR major axis; 43.57 MPa, MOE major axis; 7377 MPa,
MOR minor axis; 16.26 MPa and MOE minor axis; 1596 MPa,
Internal Bond; 1.20 MPa and thickness swelling; 12.05%). How-
ever, boards made from S$2S3, density of 700kgm™ and 5% resin
content found to possess the lowest values for mechanical proper-
ties in major and minor axis except for MOE in major axis.

The board also exhibited the highest percentage of thickness
swelling with 20.43% but still meeting the minimum requirement
of EN standard. The highest values of MOR in major axis were
2.4 times greater than the specification of the EN standard. Fur-
thermore, the value of MOR in major axis was also perform
37.32% higher than MOR in minor axis. MOE values in major
axis perform tremendously with 3 times greater than minimum
requirement. The internal bond values of OSB board improved
substantially by increasing resin content from 5 to 9 percent. Im-
provements ranged from 1.7 to 1.8 times greater than the internal
bond of 5 percent resin content. Overall, those boards with 9%
resin content had the best thickness swelling. Based on the find-
ings of the study, even at the lowest resin content of 5%, physical
and mechanical properties were found to comply with EN 300
standard for general purpose (type OSB/1).

Table 1: Properties of OSB

est internal bond values with 2.06 MPa and 7 times greater than
the specification of the EN standard. The board also exhibited
lower thickness swelling with 12.93%. However, boards made
from target density of 800 kgm™ with strand size of S1S3 and 7%
resin content was found to possess the lowest values for mechani-
cal properties in major and minor axis except for MOR in major
axis. This board also exhibits the higher percentage of thickness
swelling with 19.42% but still meeting the maximum requirement
of 25% and below.

The observation from this study showed that boards at 7% resin
content exhibit spring back phenomena where the boards experi-
ence increase in thickness more than 12 mm (Fig. 2). By reducing
the board’s density and increasing resin level, the ‘springback’
effect was decreased. Therefore, based on performance at 7%
resin content, the manufacture of boards with 5 percent resin con-
tent was not conducted. No data was recorded from the treatment
of $1S3 and S2S3 at board density of 800kgm™ with 5% resin
content because the board specimens blow in the core layer. Gen-
erally, boards with strand size of S1S3 perform better than S2S3
and all boards meet the minimum requirement of EN 300.

a) 51S3 h) S253

Major Axis | Minor Axis
c |8 :
2 4 T S 5E8E|SE|4E el les
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700 | S1S3 5) 699(1 5 15.94 |44 0.64 [75
S1S3 40.7 | 670 14 14.
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S1S3 435 | 737 15 12.
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Fig. 2: Spring Back Phenomena
3.1 Statistical Significance

The analysis of variance (ANOVA) and correlation analyses are
presented for discussion. The ANOVA of the effect of board den-
sity, strand size and resin content and their interactions on the
OSB properties are shown in Table 2.

Table 2: Summary of the ANOVA on the Properties of S1S3 and S2S3
Board

Major Axis Minor Axis
SO MOR MOE MOR MOE 1B TS
\Y (MPa) (MPa) (MPa) (MPa) (MPa) (%)
5 SLO0 jos7ex| 2297+ 21.03%| 11548%| 6.76*
S 5.66* 0.0ns 1.91ns 0.08ns 1.58ns 0.69ns
RC| 5.80*| 17.51** 0.84ns 6.19* 74.26** | 13.25**

S2S3 39.7 | 692 14 15.
700 7 6953 9 14.29 83 0.90 [19
S2S3 410 701 15 12.
700 9 7035 3 14.71 69 0.98 [30
S1S3 52.1| 732 16 19.
800 7 7932 4 18.22 24 0.92 |42
S1S3 56.2 | 855 20 12.
800 9 797/4 5 20.66 24 2.06 93
S2S3 46.0 | 766 18 15.
800 7 7928 3 18.67 [04 1.34 34
S2S3 51.0| 778 20 15.
800 9 7993 3 19.76 [03 1.92 07
12
18 250| 9 00 028 | <2
Min. reg. MPa [0 MPa| MPa |[MPa | MPa 5%
Type OSB/1: Gen-| EN EN| EN EN| EN EN
eral purpose 310: (310: 310: (310: 319:317:
EN Standard 1993 [1993 | 1993 [1993 [1993 [1993

Note: MOR = Modulus of Rupture, MOE = Modulus of Elasticity, 1B =
Internal Bond, TS = Thickness Swelling

The boards with target board density of 800 kgm™ with combina-
tion of strand size S1S3 at 9% resin content gave the highest val-
ues of MOR and MOE in major and minor axis. The MOR and
MOE values in major axis reach 56.24 MPa and 8555 MPa, re-
spectively. The highest value in minor axis was 20.66 MPa for
MOR and 2023 MPa for MOE. The board also exhibited the high-

Note: SOV= Source of variance, Df = Degree of freedom, ns= not signifi-
cant at p>0.05, * significant at p<0.05, **highly significant at p<0.01

Statistical analysis indicated that density affected mechanical
properties and thickness swelling. However, strand size did not
affect mechanical properties and thickness swelling except for
MOR in major axis. All the mechanical properties and thickness
swelling were found to be affected significantly by resin content
except for MOR in minor axis. Interaction between board density
and strand size shows no significant difference except for internal
bond. Similar trend was also observed for interaction between
board density and resin content. Nevertheless, the interaction be-
tween strand size and resin showed no significant difference ex-
cept for MOE in major axis and internal bond strength. No signifi-
cant effect was observed in interaction of all main factors.

3.2. Effects of Board Density
The effects of board density on physical and mechanical proper-

ties are given in Table 3. The mechanical properties showed high-
er value with increase in board density. The t-test comparison
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shows that the mechanical properties are significantly different at
p<0.05. The value of MOR and MOE in major and minor axis of
each board increased almost linearly with increasing board density.
The MOR in the major axis was around 2.6 times greater than that
in the minor axis. A similar trend in effects of density was ob-
served in MOE. According to [3], in general the values of MOR
and MOE in parallel direction are about 40% to 50% higher than
the values determined in perpendicular direction. Correlation
analysis (Table 4) indicated that the properties of MOR major axis,
MOE major axis, MOR minor axis, MOE minor axis and internal
bond increased with increased board density (r = 0.68**, 0.59**,
0.56**, 0.50** and 0.61**, respectively). [4] reported that board
density was one of the most important factors that affected me-
chanical properties of particleboard. Board density is the main
factor for board structure to bear load in the wood composites, so
the increase of density means to increase the resistance of materi-
als to the outside forces, and achieve good contacts of composite
units for improving bonding strength. [5] investigated three differ-
ent board densities (0.53, 0.66 and 0.78 gcm™) and found that
mechanical properties increased as panel specific gravity in-
creased for Douglas-fir flake boards.

Table 3: Effects of Board Density on Physical and Mechanical Properties

Major Axis Minor Axis
Target
Density | MOR MOE MOR MOE 1B TS
(kgm®) | (MPa) (MPa) | (MPa) (MPa) (MPa)| (%)
700 | 41.17b | 6964b |15.49b 1535b 0.97b | 13.52b
800 51.54a 7857a |19.22a 1844a 1.60a| 15.69a

The internal bond also exhibits almost a similar trend to bending
properties with a significant effect (Table 3). The correlation anal-
ysis (Table 4) further revealed a positive correlation between
board density and internal bond strength (r = 0.61**) existed.
Since smaller strand size (S3) is in the core layer it would be easi-
er to increase the core density which leads to more intimate con-
tact between strands and thus promoting better internal bonding.
Higher amount of materials used in board density of 800 kgm™
had contributed to stiffer board. According to [6], board density is
one of the variables that have been examined that affect the inter-
nal bond of strand composite panels.

Table 3 shows there is significant difference in thickness swelling
of the boards. Correlation analysis (Table 4) for thickness swelling
shows a positive correlation with board density (r = 0.30%). A
possible explanation for this behaviour relates to the higher densi-
ty zone and higher fine particles in the core rebound to swell more
when immersion in water. According to [7] higher density boards
possessed more compression set than lower density ones when
both were made with the same wood furnish, but expend more
after immersion in water. [8] in their study found a good linear
correlation between density and thickness swelling values. [9]
reported that thickness swelling of OSB not only creates aesthetic
problems in some applications, but is also associated with a loss in
strength and stiffness of the material. However, board dimensional
stability could be improved by decreasing board density [10].

Table 4: Correlation Coefficients of the Effect of Strand Size, Resin Con-
tent and Density on Board Properties for S1S3 and S2S3

Major Axis Minor Axis
. MOR MOE MOR MOE 1B TS
IVariable
(MPa) (MPa) | (MPa) | (MPa) | (MPa) (%)
Density 0.68** | 0.59** | 0.56** | 0.50** | 0.61** | 0.30*
Strand Size | -0.18ns | -0.04ns | -0.18ns | 0.06ns | -0.01ns | -0.02ns
Resin 0.27* 0.40** | 0.09ns | 0.29* | 0.52** | -0.40**

Note: ns = no significant correlation *Correlation is significant at the 0.05
level,**Correlation is significant at the 0.01 level.

3.3. Effects of Strands

Table 5 shows the effects of strand size on physical and bending
properties. There is no significant difference on bending properties
between combination of strand size of S1S3 and S2S3. [11] found
that for flakes of 5.0 and 7.5 c¢cm long, length had no significant
effect on MOR and MOE. This is due to the fact that smaller
strand size makes denser structures between strands in core por-
tion and bigger strand size of S1 and S2 react as stress supporter at
face and back portion of the board. The distribution of large wood
strands might cause the lower value of bending properties. [12]
reported that large strands which should enhance on bending
strength may be heavily disoriented whereas smaller strands which
have less influence on the bending strength might be well oriented
Boards with S1S3 strands experienced higher spring back because
of more space or void in the core layer and at the adjacent layers
of face and back (Fig. 3). However, boards with S2S3 strands
experienced less spring back because smaller strand size of S2
contributed to create less void between S2 strands and S3.

Table 5: Effects of Strand Size on Physical and Mechanical Properties

Major Axis Minor Axis
. MOR | MOE MOR MOE | IB TS
StandSize | ooy | (MPa) | (MPa) | (MPa) | (mPa) | ()
S1S3 | 47.40a | 7418a | 18.01a | 1678a | 1.28a |14.63a
S2S3 4459 | 7351a 16.84a 1712a | 1.27a |14.52a

S2S3
Fig. 3: Voids within the Board

According to [13] presence and distribution of macro-voids are
generally governed by the bigger and longer strand, which could
be filled by smaller strand size to reduce the gap. Generally, in-
creased proportions of smaller strands had negative effects on the
board mechanical properties. The correlation analysis (Table 4)
further revealed that the mechanical properties showed insignifi-
cant (r = -0.18ns, -0.04ns, -0.18ns and 0.06ns) correlation with of
strand size. [14] reported that the MOR and MOE of the boards
were not affected greatly with increase in strand size.

Internal bond strength is one of the important mechanical proper-
ties. In the internal bond test on boards made from strand size of
S1S3 and S2S3, most failure occurred in the wood portion and not
at the adhesive or glue line (Fig. 4). The statistical analysis indi-
cated that internal bond strength of boards was not affected by the
strand size used in the study (Table 4). The correlation analysis
(Table 4) further revealed that the internal bond strength showed
insignificant (r = -0.01ns) correlation with decreased of strand size.
According to [15] internal bond strength showed no further in-
creased for boards with 30% fines content, and even decreased as
fines is further increased to 45% probably due to poor bonding
resulting less resin coverage on surfaces of wood fines. [16] ob-
served that during the hand-forming process, wood elements are
deposited randomly throughout the horizontal plane in a more or
less layer-by-layer fashion, and voids can result between any adja-
cent elements in any layer. As flake size increases, the number of
these voids decreases in a unit area within one layer, while the size
of voids increases.
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Fig. 4: Failure Occurred in the Wood Portion

After 24-hour soaking, the strand size showed no significant effect
on thickness swelling values at 95% significant level (Table 4).
The results show that combination of strand size of S2S3 boards
had a competitive performance as compared to combination of
strand size of S1S3. The statistical analysis indicated bigger strand
size of S1 and S2 in the face and back layers had an excellent role
to resist the board to swell more with no significant different be-
tween boards made from S1S3 and S2S3 strands. This treatment
strategy showed that by using strand size of S1, S2 and S3 can
maximise recovery without jeopardising board properties. The
correlation analysis (Table 4) further revealed that the thickness
swelling values showed insignificant (r = -0.02ns) correlation with
strand size. [17] reported that thickness swelling of smaller strand
size at the core center of the OSB was higher than that in the sur-
face region.

3.4, Effects of Resin Content

Table 6 the effect of resin content on bending properties. The sta-
tistical analysis shows significant difference of MOR in major axis
and MOE values in both major and minor axis. However, MOR
shows insignificant difference in minor axis with increasing resin
content.

Table 6: Effects of Resin Content on Physical and Mechanical Properties

Major Axis Minor Axis
Resin MOR MOE MOR MOE 1B TS
(%) (MPa) (MPa) (MPa) (MPa) (MPa) (%)
7 44.09b 7090b 17.16a 1608b 0.99b |[15.97a
9 48.14a 7693a 17.72aa 1789 1.52a |13.09b

The correlation analysis (Table 4) further revealed that the bend-
ing properties of MOR in major axis, MOE in major axis, MOR in
minor axis and MOE in minor axis shows a positive correlation
with increased of resin content (r = 0.27%, r = 0.40**, r = 0.09ns
and r = 0.29*, respectively). Lower performance by 7% resin con-
tent is due to insufficient resin available to bond smaller strand
size especially for S2 and S3. Higher board density and the pres-
ence of smaller strand size had created less bonding contact be-
cause smaller strand size absorb more resin and created uneven
resin distribution among smaller strands during blending process.
Therefore, smaller strand size or fines led to insufficient resin
coverage on the surface and resulted in poor strength performance
([18], [19], [20], [21]). Nevertheless, the boards with 7% resin
content are comparable to boards with 9% resin content for rup-
ture property. Therefore, it may be possible to manufacture the
boards at lower resin level. According to [22] high-cost resin ad-
hesive must be used at reasonable application rates catering for
both the excellent properties of the product and the economic fea-
sibility. When considering lower application rates, consideration
of superior performance and quality of the composite must be
maintained.

Table 6 shows a significant difference with increasing the resin
content on internal bond strength. The correlation analysis (Table
4) further revealed that a positive correlation between resin con-
tent and internal bond strength (r = 0.52**) showing that increas-
ing resin content had improved bonding performance. From the
observation, high amount of resin content is required for good a
bonding especially for small strand geometry (S3; core layer).
According to [23] using high levels of wood fines in the core layer
can lead to decreased internal bond strength when insufficient
resin content is used. A study by [24], reported that much less
resin was required for finer particles in high-density surface zones
than for lower density core areas with coarser particles. This find-
ing shows the need for good bond formation which could be at-
tained with good board forming parameters.

Boards made with 9% resin content show significantly lower
thickness swelling after 24 hours of immersion in water (Table 5).
By increasing resin content, the thickness swelling decreased. The
dimensional stability of the boards was shown to be greatly im-
proved (19%) when resin content was increased to 9%. The corre-
lation analysis (Table 4) further revealed that there is negative
correlation between resin content and thickness swelling (r = -
0.40**). Basically the board experiences dimensionally instability
when immersed in water and with the increase in resin content
improves the board stability against water exposure. [25] reported
that normally, board decreases in thickness-swell with the increase
of resin content.

4. Conclusion

Generally all treatment of OBS passed the general requirement of
general purpose OSB even when the resin is as low as 5%. Use of
PF gave good dimensional stability to the boards. Economically
OSB should be made with lowest possible density and lowest
resin content as permissible to the product requirement. Smaller
size stands seemed to be acceptable for in OSB manufacture thus
can reduce waste of raw material. Formation of boards and lower
springback will aid formation of good economical boards.
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