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DESIGNING A PARTICLEBOARD PANEL OF DESIRED PARAMETERS
S.M. Yasin and T.A. Qureshix
SUMMARY

The properties of a particleboard panel are
influenced by manufacturing parameters as well as the
quantitative composition of a board in addition to qualitative
properties of the raw materials. Realizing the importance of
the quantitative composition of a board in controlling the
board properties, methods were developed to calculate the
quantities of board components. For casing the designing of
commercial size boards of 400 to 1000 kg/m® density, their
quantitative composition wasg computed and tabulated with the
help of IBM computer. Factors and techniques for calculating
the guantity of raw materials at specific moisture levels wore
developed.

Techniques for determining the physical properties
of raw materials and various physical and mechanical
properties of board were surveyed from the literature and
described precisely. ror cvaluating the quality of board,
information on various property requirements as outlined in
various standards was gathered and tabulated.

* The authors are Director Forest Product Research
Division and Assistant Composite Wood Officer at
Pakistan Forest Institute Peshawar, respectively.



DESIGNING A PARTICLEBOARD PANEL OF DESIRED PARAMETERS

INTRODUCTION

Particlebrard is a sheet material manufactured from
the particles of wood or other lignocellulosic materials
bonded together by using binder cured under the c¢ffect ot heat
and pressurec. A wide variety of raw materials and particles of
varying sizes and shape may be used in the manufacture of such
board. Although the process of producing boards is simple, a
large number of raw materials and manufacturing parameters
interact and arfect board properties (1),

Of all the variables influencing properties of a
particleboard panel, species is one Of the most significant.
It interacts virtually with every other variable and governs
the type of particles that can be generated from it. For
example, some specics produce particles which produce boards
with extremely smooth surfaces (2,3,4).

The most important specics varjable governing board
propervies is the density of wood. In general, the low density
woods produce pancls of desired density range. In the United
States of America, the density ol wood specics being used in
particleboard manutacturing ranges betweoen 300 - 500 kg, /23,
Some wood species of about (50 kg/m’ density are also used for
producing high density boards.

An intensive rescarch eftort is underwey to develop
ways to usce high density wood specics for producing medium
density boards. The reason for tho preloerential use of low
density species is that they can be compressed into medijum
density boards with the assurance that sutficient inter-
particle contact is daeveloped during pressing operations to
achieve good bonding. Heavier species cunnot e compressed
into mediun density boards having good bonding.

In general, acceptable physical propertics in a
board can be achicved it the densivy of Loard is at Jeast 150
to 200 kg/m’ yreater than the density o wood specics used.
The appropriate pressure required to press g panel is related
to the compression ratio, 1i.e., board density : gpecies
density. A compression ratio of 1.3 : 1.0 provides a yond
guideline for determnining the sultability of a wood species
compressed Into a board. Such higher density boards would be
well bonded having good strength., However, the groeater welght
and machining difficulty of such high density boards hinders
their acceptance in the comnon market. A partial solution to
the use of high density species is to mix them with low
density species to achieve medium density board (9).

Board density is a powerful ractor affecting board
properties. In practice, the casiest way to improve most board



properties is to increase the bouard density. The increased
board density results in more intimate contact between the
particles in the mat being compressed into the final board. In
low density panels, considerable quantity of resin is lost in
interparticle voids. If the board is compressed to higher
density, more of the ‘dormant' resin is nsed etffectively.
Increasing board density not only improves elfcectiveness of
resin but, of course, causes the presence of more wood for
resisting mechanical loads. In pleces where wood costs are
low, increasing board density is the cheapest way to improve
board properties. lowever, the increased board weight can
result in a heavier board which is dirtic Lt to handle, cut
and machine. Furthermore, Lf freight vates are higher, heavier
boards arc costly to ship as well (6).

The most frequently used resins for particleboard
manutfacture are urca formaldehyde and phenol  formaldehyde.
Urea resins are the major binders uscd in the particleboard
industry throughout the world. ‘These arc favored because of
low price, casec of handling and fast curing in the press. They
are colorless and do not color the tinal product. Phenolic
resins are favored for products used for extertor
applications. Melamine resing or combinations of melamine and
urea resins produce particicboards that are fairly weather
resistant. Urca-melamine-phenolic combinations orc also used
in Europe in exterior type boavds. The quantity of resin
addition is as 6 - 10% by weight of particles (7).

A number of additives are added to the
particleboards tor producing desired propertics. The most
commonly used additive is wax which imparts resistance to
absorption of water. The rate ol wax enulsion is quoted as 0.5
to 1.0% (8,9,10).

Although & good deal of literature on various
aspects of partiacleboard nanufacture, properties and uses is
available, information on designing the panels is lacking.
Such information is very lmportant  lor particleboard
manufacturers because proper designing of particleboard is
respon~ihls for ity cconomical and quality production.

In this study o trial was made to produce enough
information for casing the designing of board at the local
indastry. It was planned to acecunulate and produce information
on the quantitative composition of commercial size boards and
the methods of evaluating their properties.,



2 QUANTITATIVE COMPOSITION AND DESIGNING A PARTICLEBOARD
PANEL

A particleboard pancl is mainly composed of ligno
cellulosic particles, binder and way emulsion. About 88 to
90 % of a panel mass consists el lignocellulosic particles,
binder and wax emulsion and the rest is roisture. The binder
is generally added at the rate of 6 to 10 % and wa cmulsion
at the rate of 0.5 to 1.0% by weight of oven dry particles.

The lignocellulasic particles are obtained from
stem, branches, lops and tops of trecs as well as from
agriculture residues such as cotton sticks, sugar cane bagasse
and cereal stalks. These fibrous materials are shredded and
disintegratecd properlv for producing adeguate iz particles
for mixina with binder and othe component s,

The binder consicts of wrea formaldehyde syrup of
about 60 to 70 : solids. The wax enulsaion rade by mixing
water, wax and an emulsiflier is added te the inder solution
before mixing it with particles  to incorporate water
repellency in the board.

The particles, berore blending with binder and way
emulsion, are dried to 3 to 12 v molsture. Particles having
greater quantity ot moisture can also be mixed with binder but
the pressing operation is adversely aftected. The higher the
moisture content of the mat, the longer it takes to press a
beard. In addition to longer prosaeing time, the board may
blow apart if tnhe press s not broatlicd Properly during
pressing.

2.1 Designing a particleboard panel

In addition to propertics of raw materials, their
quantitative proportion is very important for controllirg the
economics of board production and beard properties. Inadequate
quantity »f binder causes woal Londing, leoser compaction and
lower strength Propertios. inproper addition op insufficient
amount of water repelling agent miloes tho board less resistant
to humidity and nmoivture.

In addition to atfecting board properties, an
increase in the quantity of binder nukes the board costly and
increases air pollution, health hazards anaq machining
problems. Theretore proper estimation and computation of hoard
components prior to their nixing can ensure proper designing
and achicvement of desired properties in a board. The
quantities of ditferent conponents in a particleboard panel
are calculated on the basis of board parameters such as bhnard
dimensions, rate of wax enulsion addition, rate of binder
addition and board moisture. The oven dry quantities of board



components in a particleboard panel having parameters stated
in 2.1.1, can be estimated according to procedures in 2.1.2.

2.1.1

(a)

(b)

(c)

(d)

(e)

2.1.2

Board paramcters

Board dimensions

- length (L)
- width (B)
- thickness (T)

Rate of wax emu-
lsion addition

Rate of binder
addition

Board density

Board moisture

particleboard pancl

(a)

(b)

Total mass of panel

I

Board

= (D) x (V)

23.181 Kg

1

]

1

i

Oven dry quantities of different

600 x 0.038G4

[g%3

.438 meters (8 feet)

1.219 meters (4 feet)
3mm=0.013 meter (0.5 in)

1 % by wcight of oven dry
particles

7 % ky weight of oven
dry particles

600 kg / m

10 3
mas=s

by weight of air dry
of board

comnponents in a

(air dry)

density » Beard volume

e (M)

Quantity of oven dry particles, adhesive,

wax in the panel

oven dry panel mass

(Air dry panel mass) -
(Quantity of moisture
in a panel)

(M) = (m)

23.181 - 2.3182

20.863 Kg... (PaW)



(c) Quantity of oven dry particles in the panel

= Oven dry panel mass x 100
100 + adhesive(%) + Wax (%)

= 19.318 kg ... (P)
(d) Quantity of oven dry adhesive in the panel

= Oven dry particles x adhesive(%)

100
= (P) x~ _7__
100
= 19.318 z 7
100
= 1.352 kg ce. (B)

(e) Quantity of oven dry wax in the panel

= Oven dry particles x wax (%)

100
= 19.318 % 7
100
= 0.193 kg e (W)

Sumnory of these calculation procedurcs is shown in Fig.1
The quantities of different board components in
commercial size particleboard banels of following parameters
have been computed and stated in appendices 1 to 8.
(@) board density = 400 to 1000 kqg/m3
(b} rate of binder addtlion = 7 to 10 %

(c) rate of wax emulsion addition = 1 %

(d) board moisture = 10 %



Total air dry weight of panel { M =kgs)

L P.AW m (kgs) 23181 !

M=DxLxWxT (600 x 2.438 x1.219 x 0-013 meters)

Moisture @ 10 */ by weight of air dry panel (m) m

P.A.W (oven dry) 20.863 2.318
Mx0.1 =m
Particles (P) . ABW m
P 19:317 1546 | 2.38
(oven dry)

P = PAWx100/108

_Adhesive @ 7% and way @l A W m

> 1937 .35 2.318
(oven dry) )

0:07xP=A W -Px0-01

Fig. 1 Summary of the calculation procedures (Cummulative
quantitative compouition of « particleboard panel
of density (D) 600 ke/u3
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(e) board dimensions

- length = 8 feet (2.438 meters)
- width = 4 feet (1.219 meters)
- thickness = 0.5 & 0.75 inches

(13 & 19 mm)

Now it is very important to note that neither the
board components are available in oven dry form nor they can
be mixed together as such even if they are made available. It
is therefore required to know the quantities of board comp-
onents in the available or readily mixable forn, This can be
done as in 2.1.3.

2.1.3 Quantity or readily mixable torm of board components in
a panel

The readily mixable form of board components are the
particles at 9 to 13 4 moisture content, adhesive syrup at 30
to 40 % moisture content or 60 to 70 % solid content and wax
emulsion at 70 to 72 ¢ moisture content or 28 to 30 % solids
content. After determining the quantity of oven dry ccmponents
in a board (2.1.2), the quantity of readily mixable forp of
board components can be calculated as tabulated below:

Type of Specifications Calculated Quantity of readily
board of available quantity mizable form of
component board of oven bourd componenty

components dry board

components O.D Wt x 100

M C solid solid content

(air content

dry

base) (100-MC)
(%) (%) (kg) (%)

— —
- Particles 10 90 19.318 21.464
- Binder 35 65 1.352 2.081
- Wax sol. 72 28 0.193 0.689
Total oven dry panel mass = 20.863

* moisture content



3 MEASUREMENT OF SOME PHYSICAL PROPERTIES OF RAW MATERIALS

Some physical properties of raw material influence
the properties of board and the manufacturing processes. For
example: the greater the moisture content of wnnd, the easier
it is to convert it into particles and the longer it will take
to dry them. The greater the moisture in wood, the better will
be the geometry of particles and longer the life of cutting
tools and vice versa. The presence of moisture in wood makes
it heavier and increases the cost of transportation.

Wood density also influences the manufacturing
processes and board properties. It affects the particles
manufacturing and wood transportation costs positively. It
lowers the life of cutting toecls and influences the particle
geometry negatively. Similarly, the solida content of adhesives
and additives also irfluence the board manufacturing
processes, board properties and cost of production. The
different propertiecs of raw material are determined as under:

3.1 Moisture content of wood

In gencral, woody raw material for particleboard
manufacturing consists of assorted size round wood. In such
cases, take a representative sample consisting of different
size material from a lot. If the wood lot consists of
different diameter picces, cut about 5 c¢m thick discs from the
different pieces with hand saw or band saw and wrap them in
plastic bags to avoid immediate release of moisture before
weighing.

Mark the discs as s, Sy......5 . Welgh cach disc to
an accuracy of 0.1 gms and dry in an oven at 105 + 2% till
they attain constant weight. Although the rate of moisture
evaporation depends upon the diameter/thickness of wooden
piece, in general the different size test specimens acquire
constant weight after 24 to 48 hours of drying. Weigh the oven
dried discs to an accuracy of 0.1 gm and calculate the
moisture content of each disc as under:

M Cp, % = (w, - W,)100 / W,
Where W, = Weight of disc S, before drying
W, = Welight of disc s, after drying
M Cyy 3 = Moisture content of disc S, as

percent of its oven dry weight,



Similarly determine the moisture content of discs
S;, S3..... 5,, Compute the mean value and record it as the
moisture content of the wood lot.

MCq  MCq, +.uv..... MC,,,
M C of wood lot (5) =
n

Where

M C shH = Moisture content of disc 5,

MC sy = Moisture content of disc S,

M cC sy = Moisture content of disc 5,

n = Total number of discs

Proforma P-1 is used to record data of this
experiment. Information on moisture present in wood can be
reported as percent of its oven dry weight or air dry weight
as shown below:

Wy -~ W, x 100

—_—_—
W,

(a) M C as % of air dry weight of wood =

W, - W, » 100

(b) M C as % of oven dry weight of wood

W,

Oven dry weight bascd noisture content (%) is the
quantity of moisture present in 100 gms of oven dry wood. Air
dry weight based nmoisture content (%) is the gquantity of
moisture present in 100 gns of green/wet wood.

For the sane wood sanple the value of both these
types of moisture contents are quite different. Moisture
content as % of air dry wvelght of wood | lesser as compared
to oven dry weight based noisture. This ig shown in the
following example:

EXAMPLE
Suppose W, = 80 gms (weight before drying)
W, = 60 gms (weight after drying)
a) M C as % of air dry weight of wood =
= (80 - 60)100 s 20 = 25 =
b) M C as % of oven dry weight of wood =

= (80 - 60)100 / 60 = 33.3 2

10



Air dry weight based moisture content never exceeds
100 where as the oven dry weight based moisture content may
exceed 100.

100 - M ¢ = solid content of a material
(provided M C is calculated on
air dry weight basis)

3.2 Moisture content of particles

Take a glass or aluminum beaker/bowl and weigh it.
Take about 100 gms of particles in the beaker/bowl and weigh
again and dry them in the oven at 105+ 2°C. During drying stir
the particles to ecase moisture evaporation. After about 24
hours take the beaker out of oven and desiccate it for about
15 minutes followed by weighing. The welighing in all cases
should be done to an accuracy of 0.1 gnmns. Calculate the
moisture content as below:

MC% = (W, = W,) 100/W,
Where W, = Weight of particles before drying

(without container)

W, = Weight of particles after drying
(without container)

MC% = Moisture content as percent of oven
dry weight of particles.

Proforma P-2 is used to record data of this experiment.

3.3 Wood density measurements with the help of dimensional
measurements.

Density of wood or any material is its mass per unit
volume. For determining the density of wood take about ten

specimens of size 2.5 cm x 2.5 cm ¥ 5.0 cm. The edges of each
specimen should be clean and straight. Mark them as Sy
Sprevneen 5,. Measure the dimensions of each specimen to an

accuracy of 0.1 mm and weigh to an accuracy of 0.1 gram and
calculate the density as under:

I)(s‘) = M,/ v,
Where D, = Density of specimen s,
M, = Mass of specimen S,
v, = Volume of specimen S

(length % width x thickness)

11



Similarly determine the density of other specimens,
compute the mean value as under and record it as the density
of wood lot.

Disiy * Degay o+ s Dy
D = __ —
n
Where D = Density of wood lot
Ds1y = Density of specimen s,
D52, = Density ot specimen s,
D“n) = Density of specimen o
n = Total number of specimens

After determining the density, determine the
moisture content of each specimen as in 3.2. The moisture
content variation would help in explaining the variation in
the density of different specimens.

Proforma P-3 is used to record the data of this
experiment.

3.3.1 Units of density

(a) The density is recorded as kg/m®, when the weight is
in  kilograms ang volume in cubic meters i.e.
length, width and thickness are all in neters.

(b) The density is Fecorded as gm/crn’®, when the welght
is in grams and volune in cubio centineters i.e.
length, width andg thickness. .. all in centimeters.

(c) The density ig recorded as Ibs/cft, when the welight
is in pounds andg volume in cubic feet i.e. length,
width and thickness. .. a1l in fcet.

3.3.2 Length, Width and thickness measuring tools.

The length and width of the specimens is measured
with the help ot instrunente capable of measuring to an
accuracy ot at least 0.1 pnm. Generally, o vernier calliper
(Fig.2) 15 used tor such measurements. licrometoer (Fig. 3)
is uscd fror neasuring  thicknees of particles as well as
particleboard. These tools measure the length and width very
precisely cven to an accuracy of 0.91 mm but they nced a
skilled worker as it s a bit difficult to read them and

12



10 0 12
ﬁﬁ“hjg|khdmﬂ””wd mm

Fig., 2 Vernier Calliper Commonly used for
length and width measurcements,

Fig, 3 Micrometer commonly uscd for

thickness measurcment.

13



therefore, the worker has to do with lesser number of
readings. To overcome these difficulties, PFI has developed a
CW Gauge (Fig.4) for length and width measurements. This tool
is very easy to use and can be easily manufactured in local
workshops.

@)

i E
s W

. L;‘:/'\

Fleo o4 CL Gaure for measuring lensth and width
o specimon,

14
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3.3.3 Volume Measuring Tools.

Volume can be determined by measuring the length,
width and thickness of a wooden piece and then calculating the
product of LWT as below:

Volume = LxWxT
Where L = length

W = Width

T = Thickness

All the dimensions are either in centimeters or
inches. When the dimensions are in centimeters the volume is
in cubic centimeters and if the dimensions are in inches the
volume is in cubic inches.

The volume can be directly measured with the help of
volumeter (Fig. 5) also. With this equipment, it is very easy
to measure the volume bhut only very small specimens can be
ucsed.

The volume of a wooden piece can also be measured by
water displacement techniques as shown in 3.4 and 3.5 below.

3.4 Determination of density of wood by water displacement
technique - (Mathod I).

Take about ten specimens. Mark them Sy0 850008, .
Weigh each specimen in air and then in water (Fig. 6).
Calculate density of each specimen as under:
W
1

Desny = P
1 2
Where D, = Density of specimen S,
W, = Weight of specimen S, in air
W, = Weight of specimen S, in water
W, - W, = loss in weight

= volume of specimen S,

15



=
Y
1
|

S S —

Fig. 5 Volumeter for decterminine the volume
of a specimen (1. micromecter tube
2. stem 3., scale 4y handle 5. cover
6. index 7, ysaden basc).
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Similarly determine the density of the other
Specinens, compute the mean value as under and record it as
the density of wood lot.,

Disiy + Digpy +ovvn D

n

{3n)

Where D = Density of wood lot

Disty = Density of specimen 5,

DGZ) = Dencity c¢f specimen 5,

Dwn) = Density of specimen s

n : Total nunbor of specimens

Proforma P-4 is used to record the data of this
experiment. Determine the moisture content of each specimen as
in 3.2, for predicting the causes of density variation between
the specinmens.

3.5 Determination of density of vood Ly water displacement
technique - (Methoq I1).

Take about ten specimens of any suitable size. Mark
them as s, S, +... 3,. Weigh ecach sample in air then tale a
bucket or any other container having encugh vater to submerge
wooden picce of which the densicy is to be dete.mined. Weigh
the container having water, on a balance. Hold the specimen 5,
inside water contained in the bucket while it is on the
balance. The wooden piece should not touch the sides of the
container. 1t can be hold so by hanging iv with g picce of
thread fixed to a stand or by holding a nail fixed into the
specimen (Fig. 7). Weigh the water container having specimen
inside the water and calculate ite density as below:

D(S” = Wl / (\‘13 - \']2)
Where Desy) = Density of specimen 5,
W, = Weight of specimen S5, in air
W, = Weight of bucket or
container having water only.
Wy = Weight of bucket or
container having water and

specinmen S, held inside it.

Wy - W, = Volume of specimen 5,

17
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Fig. 0 Determination ol denusity of word by water
displacement technioue (Moethod
beuam balance 2, fpake for
3. test spocimen

Y1, Trivele
Pres test gpecimen
e Watoy contalner,

Fig, 7 Doterminition of density of wood by water
displacement technique (Method IT) 1. Tripple
beam balunce 2, Spoke for holdins test specimen
3. test specimen 4. water container,
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Similarly determine the density of other specimens,
compute the mean value as in 3.5 and report it as the density
of wood lot. Proforma P-5 ic used to record data of this

experiment
3.6 Basic dersity ot wood.

Basic densicy of wood is determined by using the
following expression:

t

Oven dry weight of wood
grecn volume of wood

sasic density

OR

= Cyen dry weicht of wood
Loss in weight in water

Loss in weight in water is determined as described
in 3.4 or 3.5.

3.7 Solid content of adhesive ard wax enulsion solutions

Information on solid content of adhesive sclution is
useful in determining the quantity of adhesive solution
required to make a becard. For determining the solid content
of binder take a watch glass and weigh 1t on a balonce to an
accuracy of 0.1 qgn. ‘Pake about %0 gms of the adhesive or wax
emulsion on watch glass and welah 1t again.

Dry the sauple in the oven at 1ubh b 2%C. stir the
sample gently with a glass red during drying. Ltter about 24
hours, desiccate it for about 15 minutoes tollowed by welghing
on the same balance used before. Solid content is calculated
as under:

Moisture content(v) = (W, = W,)100 / W,

Where W, = weight ot adhesive (without
container) betore drying

W = weight of adhesive (without
container) after drying

W, - W, = loss of moisture
Solid content (%) = W, 2 100 / W,
OR
Solid content (%) = 100 - NC

Determine the solid content of at lecast five samples
and take the average sclid content for further use.
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Similarly, determine the solid content of wax
emulsion,

For recording the data on experiments carried out
for determining the solid contents ot binder and wax cmulsion,
proformas P-6 and P-7 are used respectively.

3.8 Preparation of adhesive solution

In Pakistan, Urea formaldehyde is the major adhesive
used in particleboard manufacturin_ . It is available in liquid
form and its manutacture by the local industry has been
recently started. The liguid urea formaldehyde has different
grades/brands for plyweod and particleboards. 1In general,
ammonium chloride is commonly used as hardencr. However,
different manufacturers supply some specific commercial
hardener with their adhesive brand. ‘The rixing of hardener
with the adhesive syrup i3 carriced out according  to
manufacturer's specitications. Wax emulsion 15 nived with the
adhesive solution before spraying onto the particles. The way
emulsion is added to the adhesive solution slowly and mixed
thoroughly by stirring with clectric stirror.

3.9 Preparation ot wax emulsion

Hax emulsion wmay or may not be available in a
readily usable torm. 1t can be casily prepared in  the
laboratory by mixing adequate quantitics of wax, water and
emulsifier. The cnulsificr is nmade by mixing concentrated
liquid ammonium hydrowide with powdoered stearic acid in equal
quantities. Excess ammonium hydroxide is uscd for dissolving
stearic acid conpletely and converting it into ammonium
stearate whi h acts as emulsiticr. Wax 1o aiwed with boiling
water and the ecrulsifier is added slowly while stirring with
electric stirrer. The mixing ratio of vater,  wax and
emulsificr is 71 : 0% @ 4.

3.10 Bark quantity in wood (Mcthod-I)

Cut a wood dise about % com thick from a log
containing bark and weigh it with the bark. Then remove the
bark with a debarker or o chisel and velgh 1t again. The
welghing accuracy in each case should be 0.1 gram. The
quantity of bark can be reported as percent of barked wood or
unbarked wood and is calculated as under:

a) Quantity of bark as = (W, - W,)100 / W,
percent of barked wood.
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Where W, = Weight of wood
with bhark.

W, = Weight of wood
without bark.
W, - W, = Weiyht of bark
b) Quantity of bark as = (W, - W,)100 / W,
percent of unbarked
wood.
Where W, = Weight of wood
with bark
W, = weilght of wood

without bark

For determining the quantity of bark in a tree, take
at least ten discs from different places in the stem and
determine the quantity of bark in ecach disc and calculate the
mean value.

3.11 Bark guantity in wood (Mecthod IT)

cut a wood disc trom a loyg containing bark.
Determine the volume of disc with bark by water displacement
method as stated in 3.4 or 3.%. Then remove the bark with a
debarker or a chisel. Dectermine the volume of wood disc
without bark with the help of water displacement method and
calculate the quantivy of bark as helow:

(a) Quantity ot bark as = (Vy = V,)100 / v,
percent of barked wood

Where v, = Volume of wood disc
with bark

v, = Volume of wood disc
without bark

VvV, =V = Volume of buark
b) Quantity of bark as

percent of debarked
wood OR wood without bark

(V, - Vv, )100 / V,

To know the variaticn in the quantity of bark in a tree,
take at least 10 discs from different places in a wood lot or
a tree and determine the guantity of bark in them separately
and calculate the mean value.
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3.12 Density of bark in wood

Take about 8 cm thick disc from a log with bark.
Determine the density of this disc by vater displacement
method as in 3.4 or 3.5. Then remove the bark of disc with
debarker or a chisel and determine the density of wood disc by
water displacement method as in 3.4 or 3.5 and calculate the
density of bark as under:

1l
Z
!
jw]

Density of bark

Where D, = Density of wood disc
with bark
D, = Density of wood disc

without bhark

4. APPLICATION OF WOOD DENSITY AND MOISTURE CONTENTS

The information on wood density and moisture content
is very useful in determining the absolute quantity of wood in
a lot as well as in comparing the quantity of wood in
different lots. Some of the practical applications of wood
density and moisture content are described below:

4.1 Applicotion of wood density in estimating the weight of
vood

I'f the VOLUME of wood contained in a truck is Xnown,

it is possible to calculate the WEIGHT by using density
information as shown in the example given Lelow:

- Suppose volume of wood : 3.0 m
contained in truchk

- If density of wood = 800 kg/m3
(Wood density can be
determined or taken
from the 1literature
for a specics)

- The WEIGHT of wood = Density x Vol. of wood
contained in the truck
= 800 % 3.0 =

= 2400 Kg OR,
2.4 Tons
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This is because D = M/ V

M = DxV

Where D = bensity
\ = Volume of wood
1 = Mass or weight

4.2 Application of wood density in estimating the VOLUME of
wood in a truck

If the WEIGHT of wood contained in the truck is
known, it is possiblce to estimate its VOLUME by using wood
density information.

Example

- Suppose the weight of wood = 1600 g
contained in a truck

- If density of wood = 800 kg/m’

(Wood density can be determined or taken from the
literature if the name of the species is known)

- The volume of wood contained
in the truck = Mass / density
= 1600 / 800
= 2 md
This is because D= M/ V
DxV=MNM
V=M/D

4.3 Application of moisture content of wood in estimating the
absolute quantity of wood in a truck or a wood lot.

Comparison betwecen the cost of wood purchased from
different lots can only be made if the absolute gquantity (oven
dry weight) of wood contained in a wood lot is known. By using
moisture content information, oven dry quantity of wood
contained in a wood lot can be casily detcrmined as under:
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Example I

- Suppose the weight of wood = 400 kg
in a wood lot or truck
- If the moisture content =20 %
of wood (0.D basis) (by weight of

oven dry wood)

- Then the weight 100 ¥ weight of wood
of oven dry wood (100 + MC%

= __200_x 400
120

= 333.23 Kg
Example II

- Suppose the weight of wood = 400 Kg
contained in a wood lot or
truck is:

- If the moisture content = 20 %
of this wood is known, e.q. (by weight of air
(A.D. basis) dry wood)

- Then the weight = (100 - MNC %) weight of wood
of oven dry wood 100

= (100 = 20) 400

100

= 80 _x 400
100
= 320 Ky
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5. MEASUREMENT OF PHYSICAL AND MECHANICAL PROPERTIES
OF PARTICLEBOMARD

Measurauent of physical and mechanical properties of
particleboard 1is done according to ctondard procedures
outlined in the STANDARDS adopted or developed by a country.
Such standards are neceded by both the nunutacturers and the
consumers pecausce they provide o basis for comparison and
estimating the level of quality of o preduct. A product
meeting the standard requirvements can be used for producing
structures of desired propervtics with o high degree of
confidence.

For ouwtaining contidence in the values deternmined
for different properties, proper sampling ic Vory necessary.
From a lot or shipuaent or particleboard panels a represent-—
ative sample consisting of two or three panels is taken for
measuring various propertics.  Froa each pancl  the  test
specimens are obtained trom diffcorent places to study the
variation. 1f there is a considerclle variation in the values
obtained for a specific property, the nunboer of test specimens
is increased. "f the mean value still docs not fall within the
acceptable limits recommended by the standard, it means that
the panel does not contorm to the standard and should be
discarded.

Test specinens are made in the planes of both the
longer dinension (length) and shorter disension (width) of the
panel. There is no linit to the nambor ol test speci.ens to be
taken for o gpecitic test, However, in the interest of
confidence in values obtuined, at least ten specimens are
taken for evaiuating cach propoerty.

The standard procedurces stated in the standards
adopted or developed may differ to some cwxtent. However, the
difrerent physical and mechanical properties arce generally
determincd as undor:
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5.1 Physical properties

Physical properties of a panel include moisture
content, density and dimensional changes such as linear
expansion, thickness swelling and wator absorption etc.
Dimensional changes are measured in the form of increase in
thickness, length and weight of board subjected to humid
atmosphere or water contacts. These properties are very
important because the neasurcs of moistur~n content and
increase in dimensions under varying exposure conditions help
in predicting the durability of a panel on its exposure to
weather changes. For measuring the physical properties of
particleboard, tollowing procedures are generally used.

5.1.1 HMoisture content of particleboard panel

For deitermyining tne .oisltuce content of a panel, take
test specimens of size 75 » 190 mm and mark them as 5,/ 5,...
S, . Weigh cach specimen to an accuracy of 0.01 gram and dry in
the oven at 105 + 3% for about 24 hours. After drying,
desiccate them for 15 minutes and weigh again. calculate the
moisture content of specimen S, as under:

MC

5% 100 (W1 - W 2) /W,

]

Where W, weight of test specimen S,

before arying

W, = weight of test specimen s,
after drying
MCqyy % = Moisture content of specimen 5,

as % oof W,.
2

Similarly determine the moisture content of other
specimens, compute the mean valuo and record it as the
moisture content ot g panel.

MC + MC +,.MC
. (s 52) (s
Molsture content of a panel = ) "
n
Where MC gy, = Moisture content of
specimen
MC@Z) Moisture content of
specimen o,
Mcwm = Moisture content of

specclinen sn

Proforma P-8 is used to record the data of this
experiment,
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5.1.2 Density of particleboard panel

Density or specific gravity and moisture contenf
information arc required for studying the causes of variatiol
in static bending and other properties. For determining the
density, take test specimens ot sive 7S 3 75 mm and mark ther
as S;, S, ....5, . Generally specimens of this size are

recommended, howcver, greater size speclaens can alse be used,

For measuring this property, condition the test
specimens at G5 + 5% RH at 23 + 2 YC ror at lecast a week
Then take different measurements such as weilght, length, widtl
and thickness and calculate the density of each specimen as
under:

D(S]) M/ v

Where D, = density of spoecimen $1
I = welght of S1 specimen atfter conditionine
\Y = Volune of St epecimen after conditioninc

(length = width » thickness)

If M is measured in qgrams, length, width anc
thickness in centimeters, the density is calculated in grame
per cubilic centimetor.

Similarly caleculate the density of other specimens,
compute the mean value and record it s the density of ¢
panel.

) _ l%q) tl%,”....D“m
Density of panel =
n
N . = o S 3 [
Where D, = density of specimen Sl
D5z = density of specimen S2
Dwn) = dencity ot specimen Sn
n = Total number of specimens

Proforma P-9 is used to record the data of this
experiment.

5.1.3 Water absorption by a particleboard panel during
water soaking.
_ This  property is  useful for predicting  the
durability of particleboard in applicatinons where the



structures come in contact with water occasionally or
regularly. If the structure does not have the chances to come
in contact with water, determination of this property is not
necessary.

For measuring this property, take test Specimens of
size 150 x 150 mm. Dril! a hole of 3 mn diameter neavr one
corner of each specimen and condition them at 65% + 5% RH at
23 + 2%. Then weligh each specimen to an aceuracy of 0.01 gram
and stack them horizontally onc upon the other in a tank of
size 200 x 200 x 300 nn.

In between the specimens place crossers of size 12
X 12 x 180 mm at about 50 mm from the leit and right cdges.
The crossers are arranged one upon the othuer. Then f£ill the
tank with tap water and maintain the water level at least 25
mm above the surface of uppernost specinen by requlating the
water flow into and out of the tank. Place some weight on the
top specimen for keeping the stack submerged in water (Fig.
8).

Take out all the specimens (rom water after two
hours and hang them vertically in the open alr for about 10
minutes to get rid of superfluous water (Fig. 9). Place in
between the test specimens about 2% mm long spacers made from
pieces of plastic pipe. ‘Then welgh cach specimen on the
balance used before and calculate the water absorption of each
specimen as undcr. After welghing submerge the specimens again
in water for further 22 hours.

WAy, ¢ S00 (W2 - w1 ) s

Where W2 = weight of specimen S1 after water
absorption

Wl = weight of specimen S1 before water
absorption.

WA )% = water absorption of test specimen 81

as peroent ot Wi,

Similarly determine and calculate the water
apsorption of other specimens, compute mean value and record
it as the water absorption of a panel.
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WAyt WA G b WA

Water absorption of a panels=

n

Where WA o1y water absorption of specimen S1
Wsz) = wvater absorption of specimen S2
WA“n) = water absorption of specimen Sn

n = total nunbeor of specimens

Similarly determine the water absorption of each
test specimen after 24 hours and record the value separately.
Proforma P-10 is used for recording data of this experiment.

5.1.4 Thickness swelling of particleboard pancl caused by
water absorption.

Take 150 x 150 mm test specimens for measuring this
property. Either new test specimens or tnoue used for water
absorption measurcments can b used. In any case, with a
copying pencil mark points 4, B, ¢ and D on the surface of
eac? specimen (Fig 11) and condition them at 65 + 5% RH at 23
+ 2°C.

Then take thickness neavnresents at A, B, Cand D oto
an accuracy of 0.01 nm with microncter or come other thickness
measuring gauge. Then soak the specinens: in water ('ig. ©)
Take the specimens out of water after two hours, hang them
vertically in the open air ter ten minuates (Fig. 9) and
measure the thickness again at points 4,5, C and D with the
help of gauge used betore. submierge  the specimens again in
water for further 22 hours. Calculate the thickness swelling
atter 2 and 24 hours separately s under:

T, % = 100 (A" = &) / &
TS, 3 = 100 {(B' - B) / B
TS, % = 100 (C*' - ¢C) / C
TS, % = 100 (D' = D) / D
s, 3 TS, + TS, + TS, + TS,

4
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Fig. 10 Particlebourd test specimoen marked with length
measuring points (Line AL and D) hefore and
after water soaking.

Fig. 11 Particlebourd test upocimen marked with
points (A, B, C, D) for thickncss measur-
ements before and after water soakinge.
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Where TS,, TS, TS, and TS5, are thickness swelling
values at points A, B, C and D separately on specimen 81 after
two hours water soaking.

thickness of upecimen S1 at points
A,B,C and D after two hours water
soaking.

A',B',C',D!

A, B, C, D = thickness of specimen S1 at points
A, B, ¢ and D betore water soaking.
T8

(513 = Thickness swelling of specimen S1

Similarly calculate thickness swelling of other
specimens, compute ti,?» mean value as under anl record it as
the thickness swelling of panel after twvo hours water
soaking.

m N 5 o o1 H N \(: - et g, mea
Ihickness cwaelling T8y, IS oy e 'S ¢y
of a panel = o
n
Where TS, = thickness swelling of specimen 81
TS o5, = thickness swelling of specimen S2
TS iy = Thickness swelling of specimen Sn
n = total number ot specimens

Similarly after 24 hours vater aboorption, determine
the thickness swelling at cach point on other specimens and
compute mean value and record it uoparately as thickness
swelling of a panel after 24th hours ot water soaking.
Proforma P-11 is used to record data on this cxperiment.,

5.1.5 Linear cxpansion ot particleboard panel in humid

atnmeophere,

Particleboard has the tendency to increase in
dimensions when exposcd to humid atnosphere for considerable
time. This dimensional increase may damage the structure or
the fixture il it ecxcecds the mininum accertable limits stated
in the standard. Hence information on inoroaoe in dimensions
of a particleboeard panel under humid exposures is necessary to
predict the durability ol the structurec.

For measuring this property take 7S % 500 mm test
specimens. Condition them at 20 4 2% R at 23 + 2"'C  for at
least one week. HMark lines AR and Cb on the surfaces of
specimens (Fig. 10) and measure their lengths to the accuracy
of 0.01 nn.
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Then condition t -2 specimens at 90 + 5% RH at 23 +
20C for at least one week.
on each specimen again and calculate linear expansion for
specimen S, as under:

0.
LEMm °

©
LE(CD) “

g
LE(m) °

Where LE“m

Q
LE(co) ©

LE(Sl)

AB' and ¢CD!

AB and CD

‘Then measure the length AB ard CD

= 100 (AB'- AB)

AD

= 100 (CD'= ¢CD )

Ccb

LE + LE

(AB) “(CD)

0.
= %

= 3

= Average %
specimen S1.

2
increase in length of line AB
increase in length of line cD

increase in length of

= length of 1lines AB and cD after
exposing the test specimen to
90% RH

length of 1lines AR and CD before

exposing the test specimen to 90% RH
or after exposing it to 30% RH.

Similarly determine the value of LE for other
specimens, compute mean value as under and record it as the
linear expansion of a panel.

LES =

Where LE

LE g1y =

LE ¢, =

LE s, =

Proforma
experiment,

LE ., +

(sh

linear
linear
linear

linear

expansion of a panel
expansion of specimen S1
expansion of specimen S2

expansion of specimen S$n

Total number of specimens

P-12 is used to record data of this
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5.1.6 Thickness swelling of particleboard panel in humid
atmosphere

For determining this property take 300 x 300 mm test
specimens. Mark points A, B, C and D on cach test specimen and
condition them at 30 + 5% RH at 23 + 2% for at least one
week. Then measure thickness at points A,B, C and D and
condition them at 90 + 5% RH at 23 + 2C for at least one
week. Then take thickness measurcments at points A, B, C, D
again and calculate thickness swelling ot specimen Si as
under;

TS 4% = 100 (A!=_A)
A
TS(B)% = 100 ({3'— B)
B
3 = -
TS(c)u 100 _(c'- Q)
C
TSw)% = 100 (D'- D
D
g & » g
. TSy %+ TSy % + TS, % + TS, 3
TS“” %
q
Where A',B',C'and D' = Thickness of test specimen S1
at points A,B, C and D after
exposing it to humid
atmosphere.
A, B, Cand D = Thickness ot test specimen S1

at points A, B, C and D after
oMposing it to 300 RH or before
exposing it to 90 PRI,

’1‘S(A % TS(B) %, 'I‘S(C) o, and 18 pye dare the values of
% increase in thickness at points, A, h, C and D. TS 1,3 is
the average thickness swelling of spoecinen S1.

Similarly calculate thickness swelling at different
points on each specinen, compute the mean value and record it
as the thickness swelling of a panel.

Thickness swelling TSy, + TSy -+ TS,
of a panel = ~

n
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Where TS, thickness swelling of specimen S1
TS 52y thickness swelling of specimen S2
TS sn) = thickness swelling of specimen Sn

n = 'Total number of specimens

Proforma P-13 is used to rccord data of this
experiment.

5.2 Mechanical Properties
5.2.1 Modulus of Rupture

In technical terms modulus of rupture (MOR) is an
approximation of the true stress because it is the computed
maximum fiber stress in the extreme upper and lower surface
fibers of the specimen under test. In simple terms MOR is
regarded as the breaking strength of the product and is
reported in kilograms per centimeter square, pounds per inch
square or pascals. Common terms used interchangeably with MOR
are bending strength and flexural strength.

For measuring this property take 7% x 350 mm test
specimens and mark them as Si, S2..... Sn. ‘The length of the
load span is about 24 times the thickness of the panel. The
test assembly for this test concists of a sturdy base fitted
with two supports, a loading hecad and provision for the fixing
of a dial indicator for measuring the detlection (Fig. 12).
For measuring MOR the specimen is placed on the supports and
the load is applied in the middle of the specimen by loading
head at an even rate.

In general the rate ot load application Is 6 to 25
mm per minute for 12 to 25 mm thick specimens. The lesser the
thickness lower is the loading rate. When the load is applied,
the test specimen ultimately fracturecs. The load at this point
is called failing l'oad and is recorded to an accuracy of 0.5
Kg. MOR for the test specimen is calculated as under:

MOR 3 PL/2 bd® OR 1.5 PL/bd?

(shH

Where MOR

i

Modulus of rupture
P = Ultimate failing load

L = length of span (distance between the
centres of supports)

b = width of the test spocimen

d = mean thickness of the test specimen



If P is measured in kilograms and the dimensions L,
b and d in centimeters, MOR is calculated in Kg/cn?,

For predicting the causcs of variation in failing load,
the density of each specimen is  computed by using the
dimensions of the test specimens measured before testing.

Similarly determine the MOR of other specimens and
compute the mean value as under and record it as the MOR of a
panel.

MOR gy, + MOR g+ ... MOR (g
MOR of a panel =
n
Where MOR ¢, = MOR ot specimen S1
MOR o, = MOR of specimen S2
MOR ¢, = MOR of specimen Sn
n = total number of specimens

Proforma P-14 1is used for recording data of MOR
measurements.

5.2.2 Modulus of Elasticity (M0L)

This property indicates the stiftness of the
material and is useful in calculating the deflection of the
product uader stress. fFor neasuring  this property test
assembly is the same as that tor MOR testing (Fig. 12). The
only difference is that the deflection ot the specimen is also
measured while determining tailing icad. For measuring the
deflection of the specimen, a dial indicator is fixed to the
base of the testing tool (Iig. 13).

The load deflection curve is drawn between the load
and the deflection of the test sovecimen. Fiem She curve, load
at proportional liwit is measured (I1g. 14). Modulus of celast-
icity or the stiffness of cach specimen is measured as under:

E = P, L’ / 4b & y1
Where E = Modulus of elasticity
P, = load at proportional limit
L = Length of span (distance between

the centres of supports)
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b = width of the specimen
d = Thickness of specimen
yl = deflection at proportional limit load.

If P, is measured in Kilograms, L,b, d and y1l in
centimeters, B is caloulated in bgroend

Similarly determine the HOE of other specimens and
compute the mean value as under and report it as the MOE of a
panel.
SISIN . Al D X A
H.)I.(S” i [.OL(S.,)! .. .MOLE (s

n

MOE of a panel =

Where MOE ¢y, MOE of specimen S1

MOE o, = MOE of specimen 82
MOE o, = MOE of specimen Sn
n = Total number of specimens

Proforma P-15 is used to record data on MOE
measurements.

5.2.3 Internal Bond Strength OR Tensile Strength
Perpendicular to the surface

The measure of this property indicates that how well
the particles in a panel are bonded together. For measuring
this property, take test specinens of size 50 » 50 mm and mark
them as S1, $2,...8n. Glue the test specimen on the wooden
blocks and allow them to cure for one weolk.

Then pull apart the blocks by using the testing
asscenbly consivting of two pulbing jigs g o foree measuring
recorder. dhe tower g ds held tightly by the jaws fitted in
the base ot the vesting rachine. dTne upper jig fitted in the
movable head helds the wooden blocks tightly while it moves up
to pull apart the test specimen. The pulling force is applied
at a uniform rate in a dircction at right angles to the faces
ol the blocks(Fig. 1), Maximum tailing load at which the
specimen bLreaks apart s recorded and the internal bond
strength is calculated as below:
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2
IBGl) P/ A
Where IB,, = Internal bond strength
of specimen S1
P = failing load
A° = arca of test specimen

If P is measured in kilograms and A in centimeters
s . 2 . s
IB is calculated in kg/cm®. The other units are Ths/inch sq.
or pascals.

Similarly determine the internal bond strength of other
specimens and compute the mean value as under and record it as
the internal bond strength of a panel.

Internal Bond strength IB Gy IB tee DB
of a panel = - -
n
Where 1B gy, Internal bond strength of specimen S1
Isz) Internal bond strength of specimen S2
1B, = Internal bond strength of specimen Sn

'
i

n Total number of cpecimens

Proforma P-16 is used for recording data of IB
strength measurcments.

.2.4 Hail Withdrawal Resistance

[&1]

This property is also called nail holding capacity.
It is the neasure o1 resistance oftered by the gripping torce
of particleboard against the torce applicd to detach a nailed
piece of particleloard in a tixture.

For measuring this property take 75 » 150 mm test
specimens and mark them as $1, $2...... Sn. Drive a nail of
diameter 2.8 mn into the test specimens in a direction at
right angles to the tace. About 12 mm of the shank portion is
projected above the surface of the material. For measuring
nail withdrawal resistance, pull out the nail by applying
force at right angles to the surface ot the test specimen
(Fig. 16). Mayinum load required to pull out the nail is
recorded to the accuracy of one ky. Similarly dctermine the
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nail withdrawal resistance of other specimens and compute the
mean value and record it as the nail withdrawal resistance of
a panel as under:

Nai} Withdrawal NWR gy + NWR b0 CHWR
Resiscance of a =
panel n
Where NWR ,, = nail withdrawal resistance of specimen S1
NWR ¢, = nail withdrawal recistance of specimen §2
NWR ¢ = nail withdrawal resistance of specimen Sn
n = Total number ol specimens

Proforma P-17 is used to record data of this experiment.

5.2.5 Screw Withdrawal Resistance

Screw withdrawal resistance is mcasured in the form
of force reguaired to pull out screw from the surface or edge
of particleboards.

The  neasure ot this  property indicates the
resistance offered by the screw  gripping force of
particleboard against the torce applicd to detach it. The
resistance offered by the surtace particles is generally
greater than those ot edge particles. This ditteorence could be
due to variation in the screw gripping force influenced by a
large number of factors such as compaction of particles, glue
quantity and non-unitoraity in tformation ote. To study this
variation, edge wuscrew withdrawal and face screw withdrawal
resistances are measurcce separately.

.2.5.1 Face Screw Withdrawal Resistanco.,

[84]

For measuring this property, take test specimens of
size 75 » 150 ¥ 2v mn and mark them as 51, 52... Sn. If the
thickness of the specimen is leusser than 2% mm, increase its
thickness by gluing two or more than two specimens together.
Allow the glucd rpecinens to curce tor at least 42 hours before
test. Condition the specimens at 65 4 5 ki at 23 1 2%,

In the centre ot this conposite cpecinen (specimen
made by bonding two or more than two specimens togoether) drill
a hole by using 2.2 nn diamecter drill bit, Phen drive 25 mm
wooden screw MNo. 10 into this hole in a Jdirection at right
angles to the surrace of the specinen. For weasuring the screw
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withdrawal resistance, pull out the screw by applying force in
a direction at right angles to the surface of the test
specimen (Fig. 17). Measure the screw withdrawal force of each
specimen in kilograms or pounds, compute the mean value and
record it as face screw withdrawal resistance of a panel.

v 1) oy SOOI E ATARRIDS . x
Face screv w1thdrg Ibhhmn + Iahh“h +.....ISWme
wal ressistance of e
a panel n
FSWR“” =  Face screw vithdrawal resistance

of specimen $1
FSWRGE) = Face screw withdrawal resistance

of specinmen $2
FSWR“n) = Face screw withdrawal resistance

of specimen $n

n = Total number of specimens

Proforma P-18 is used to record data of this
experiment.

5.2.5.2 Edge screw holding resistance.

For measuring this property take specimens of size
75 % 150 x 40 mm. If the thickness io lesser than 40 mnm,
increase it by gluing two or more than two specimens together.
In case of 12 mm thick boards, bond throce specimens together
and in case of 6 mm thick boards, bond i specinens together,
Cure the boaded vpecinens for at least a veck and condition
them at ¢% + 52 RH at 23 iEOC tor another one weok.,

Then drive 245 o osore LHo.ly, into the hole. For
measuring sorew withdrawal recistance pull ont serew by using
test assembly shown in Fig. 17, The sorew withdrawal
resistance is measured in Kilograms or pounds. Edge screw
withdrawal resistance is measured on both edges and the
average of the two is taken as the scerow withdrawal resistance
of the specimen.
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Similarly measure the screw withdrawal resistance of
the other specimens and compute the mean vaiue as under and
record it as the edge screw withdrawal resistance of a panel.

Edge screw withdrawal ESW,, + ESW., ....ESW
resistance of a panel =

n

(sn)

Edge screw withdrawal resistance of
specimen S1

Where ESWG”

ESW ¢, Edge screw withdrawal resistance of
specimen 52
ESW ¢, = Edge screw withdrawal resistance of

specimen Sn.

n = Total number of specimens

Proforma P-19 is used to reccord the data of this
experiment.

45



6.1.2 NPA 1-75 "Particleboard for Mobile Home Decking".

This standard developed Ly the National
Particleboard Associatior, describes  the  properties  of
particlebouard tor particular end uses like mobile honme
decking.

6.1.3 HPA 2-72 "standard tor Particleboard Decking for
Factory built Housing.'

This specification was developed by the Mational
Particleboard Assceiation for arading particleboard for use in
factory built-in-housns,

6.1.4 Minimum Property sStandarde: 1973

This standavd was developed under the auspices of
Department ot Housing and Urban Development and the Federal
Housing Administration (FHIA) to determine the eligibility of
a property as socurity tor o an insured loan under the  FHA
Program.

6.1.5 The Use of Materials Bulletin No. UM-32 "Mat Formed
Particleboard fcr Exterior Use".

This bulletin was established by the West Coast
Particleboard Association and supplenented  later by  the
National Particleboard Association.

6.1.6 LLL=-B-800 A lyos  "Pederal Specitication  on
Building Board (Wood Particio oard) Hard-Pressed,
Vegetable ibopm,

It s o tederal specitication and is used by the
General Services Adwministration of the United States
Government for use in procuring materials. 1t describes
particularly the packagings for shipnent and procedures for
inspection.
6.1.7 R ATVE N B 8 N

This specification was developed by the Department
of Defence. It is designated as guide specification for
Military Family Houusing.
6.2 Canadian Standards
6.2.2 CsA standard 0188 @ 1975

This standard is a revised version ot CSA €188
1968. Significant changes have been made in this standard.
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6.3 British Standards

6.3.1 British Standard 2604 : 1955 '"Medium Density Resin
Bonded Chipboard".

This standard specifies requirements for density,
strength and other properties of the boards. It also rrovides
efficient testing procedures to censure that the specified
level of quality is maintained.

6.3.2 British Standard 1811 : 1961 " lMethods of Test for
Wood Chipkboards and other particlebaords."

This standard specifies methods ot test for boards
consisting mainly of particles »f wood or other ligno-
cellulosic materials bonded with synthetic binder or other
organic binder. This standard is the revived version of BS.
1811 : 52 and includes changes in the methods of test. This
standard does ncet nention mininum  acceptable values of
different properties,

6.3.3 British Standard BS 6069 : 1988

This standard supersedes BS L0669 ¢ 1979 which
covered only four board types. This revision includes the
following parts issucd ceparately:

BS 5669 Part 1 Methods of sampling, conditioning
and test

BS 5669 Part 2 Specifications for wood chipboard

BS 5669 Part 4 Specifications for cement bonded
partic:eboard.

BS 5669 Part 5 Code of practice for the selection
and applications of particleboards
for specilic purposes.

6.4 Pakistani Standards

6.4.1 PS 447 : 1964 "Pakistan Standard specification For
Chiphoard."

This standard was developed by the Pakistan

Standards Institution fcr assisting the manufacturers to make

available a standard quality board to the consumers with its

best possible end use properties. This standard does net
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concern with actual particleboard being manufactured in the
country and used in furniture and building industry.

6.4.2 PS 619 : 1967 "Pakistan Standard Specification for
Particleboard (lledium bensity).

This Pakistani Standard describes the methods of
test and the minimum requirements or ditterent properties of
particleboard for use in furniture and construction (Appendix
10) .
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PROFORMAS

(fhese proformas are used for recording data
on different experiments. and methodologies
for calculating the values with the help of
formulae)
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Proforma P-1 Determination of moisture content of wood

Test Weight (gms) Moisture content
specimen Before After (MC %)
No. drying drying

W] Wz (W1 - WZ)XIOO / Wz
Total
Mean (*)

Standard
deviation (**)

Co~efficient of variation (xx*)

(*) Total/number of samples
(**) can be calculated with scientific calculator

(***)  (Standard deviation)100 / Mean
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Proforma P-2 Determination of molisture content of particles

Test Wt. before drving Wt. after dfiing Moisture
spec- container container content
imen + +
No. conta- particles particles particles particles
iner
(ams) (gms) (gms) (gms) (gms) (%)
a b b - a c c - a (W,=W,) 100
W, W, W,
Total
Mean

Standard deviation

Co-efficient of variation
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Proforma P-3. Determination of density of wood with the help of

dimensional measurements.

Test Length Width Thickness Volume Weight Density MC
specimen (cm) (cm) (cm) (cmd) (gms) (ym/cm®) %
No

(L) (W) (T) (V=LxWxT) (M) (M/V)
Total
Mean

Standard deviation

Co-efficient of variation
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Proforma P-4 Determination of

density  of  wood by water

displacement technique (Method-1)

Test Weight of specimen Volume of Dencity of
specimen specinen specimen
No. In air In water

(gm) (gm) (cm?) (g/cm?)

W, W, W, - W, Wy /(W - W,)
Total
Mean

Standard deviation

Co-efficient of variation
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Proforma P-5 Determination of density of wood by water
displacement technique (iMethod IT)

Test Weight of Weight of ~volume of Density of
specimen container container specimen specimen
No. + water + specimen
+ water .

(gm) (gm) (em?) (g/cm?®)

W, W, W, - W, W,/ (W, - W)
Total
Mean

Standard deviation

Co-efficient of variation
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Proforma P-G.

Determination of solid

content ot adhesive

Voelght after drying

test Weight before drying.
spec- contairer Container Adhesive Container aAdhesive Solid content
iren 4 | of adhesive
No. adhosiye adhesive
(gms) (yms; () (gms) (%)
a b (b - a) d (d - a)

W, W, (W, - W,)100/W,
Total
Mean

Standard deviation

Zo-cfficient of variation
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P-7 Solid content of wax emulsion

Test Weight before drving _ Weight after drying Solid
speci- ontent
men container container container (5
No. + Wax + Wa Wax
Wax emulsion Wa cmulsion emulsion
emulsion cmulsion
(gms) (gms) {gns) {gms) (gms) (%)
a b (b - a) c (c - a)
W, W, (v, -

W,) 100/,

Total
Mean
Standard deviation

Co-efficient of variation

59



Proforma P-8 Determination of moisture content of particleboard

Test
Specimen Weight of test specimen Weight of Moisture
No. moisture content
before drying atter drying
W, W, W, - W, (W, = W) 100 / W,
(gms) (gms) (gms) (%)
Total
Mean

Standard deviation

Co~efficient of variation
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Proforma P-9. Density of particleboard

Test

Specimen Weight Length  Width ‘T'hickness  Volume Density

No. (M) (L) (W) (1) (V) =LxWxT M/V
um cm cm cm omd g/cm3

Total

Mean

Standard deviation

Co~-efficient of variation
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P-10 Determination of water absorption by a particleboard panel

Test
Speci- Weight of specimen Welight Water absorption
men ol water as percent of Wi
No. atter water before wacer
absorption absorption

W, W, Wy = W, (W, - H])IQO /W,

(gms) (gns) (gns) (%)
Total
Mean

Standard deviation

Co-ecflicicent of variation
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Proforma P-11 Thickness swelling of particleboard caused by water

soaking
Test Points of _Thickness measurements (mm)  Thickness swelli ng (%)
specimen measure- Before atter atter 24 atter after 24
No. ments water 2 hours hours 2 hours hours
soaking water watoer water water
soaking soaking soaking soaking
a b cC (b - a)100 (¢ - a)iloo
a a

Total
Mcan
Standard deviation

Co-efficient of variation
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Proforma P-12 Linea expansion cof particleboard panel in  humid
atmosphere

Test lines of Length measurements (mm) Increase Lirear
speci measure- in length expan-
men ments after condi- atter condi- sion
No. tioning at tioning at (LE)
30% RH 90% RH

a b b - a (b - a)l00 / a

(mm) (mm) (mm) %)
Total
Mean

Standard deviation

Co-cfticient of variation
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Proforma P-13 Thickness swelling of particlcbhoard panel in humid
atmosphere
Test Points Thickness measurements (mm) Increase Thickness
speci- of meas- in thick- swelling
men urements after cond- after cond- ness (TS)
lNo. itioning at itiening at
30% RH 90% RH

a L b - a (b - a)100 / a

(mm) (mm) (mm) (%)
Total
Mean

Standard deviation

Co-cfficient of variation
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Proforma P-14 Modulus of rupture (MOR) of particleboard

Test
Specimen  Width Thickness  Failing 1.5 plL a? MOR
No. load
b d P 1.5PL / bd?®
(cm) (cm) (kg) (kg/cm?)
Total L = Length of Span
Mean

Standard deviation

Co-efficient of variation
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Proforma P-15. Modulus of elasticity (MOE) of particleboard

Test Load at Deflection at MOE

specimen proportional proportional

No. limit limit P,L3/4bd’y1
(P)) kg (yl) cm (kg/cm?)

Total Take P, and yl trom the graph

Mean Take L b d from MOR proforma

Standard deviation

Co-efficient of variation
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Proforma P-16. Internal Bond Strength (IBS) OR 7T
perpendicular to the surface.

cnsile strength

Test specimen Measurgmop;;mgf,mpgciﬁgn Failing IB Strength
No. Length Width Area load )

1 b A7 P P/ Al

(cm) (cm) (cm?) (k) kg/cn?
Total
Mean

Standard Deviation

Co-efficient of variation
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Proforma P-17 Nail withdrawal resistance (NWR) of particleboard.

Test specimen NWR Test specimen HWR
No. (kq) No. (kg)
Total
Mean

Standard deviation

Co-efficient of variation
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Proforma P-18 Face screw withdrawal resistance (FSWR) ot
particleboard

Test specimen FSWR Test specinen FSWR
No. (kyg) Ho. (kg)
Total
Mean

Standard deviation

Co-cfficient of variation
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Proforma P-19 Edge screw withdrawal resistance (ESWR) of

particleboard
Test specimen ESWR Test specinen ESWR
No. (kg) Ho. (kg)

Total
Mean
standard deviation

Co-efficient of variation
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APPENDICES

{Appendices 1 - 8 describe the quantity of hoard
components in commercial size boards of size

4 x8 ft (2.438 x 1.219 meters) and thicknesses
0.5 in.(0.013 meters) and 0.75 in. (0.019 meters)
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APPENDIX 1

lantity of oven dry particles, adhesive (7%), wax (1%) in a particleboard
inels (size 2.438 x 1.219 x 0.013 meters) of density 400 to 1000 kg/m3

JARD BOARD OVEN Dty OVEN DitY  OVEN DY OVEN DRY
'NSITY MASS LW BOARD  PARTICLES  PARTICLES  ADHESIVE  WAX
'STRED G107 OF  FADHESIVE (@ 7%) (0 1%)
BOARD FHAL
MASS
kg/m3) (ky) (k)

(hy) (k)
(D) M-:DxV m=[iMu. 1

PAVW=I-m

P=PAl
1007108

'
t
o
i
i

100 15,454 L.S435 3.909 12,878 0.901 0.129
120 16,227 L.o23 14.0604 13,502 0.947 0.135
110 16.999 1.700 15.299 4,106 0.992 0.142
160 17.772 1.777 15,994 I4.01u 1.037 0.148
180 18.54% 1.854 1G. G490 LS. 0043 1.082 0.155
500 19.317 1.932 17.336 Lo ooy 1.127 0.161
520 20.090 2.009 18.081 16,742 1.172 0.167
540 20,803 2.08¢06 18,757 17.380 1.217 0.174
560 21.630 2.1064 1o.472 18.030 1.262 0.180
580 22.408 2.241 20,1067 18,674 1.307 0.187
GO0 23,181 2,718 20.803 1o.317 1.3%2 0.193
G20 23.0vuy JL3uh R I BRI 1.3y 0.200
610 200700 204773 200N 20005 1.442 0.206
=00 2oL a0y 20550 22,0049 2hoay L.oqgy 06.212
650 20607 2500409 2loBag 1.533 0.219
700 2.704 2900450 YL LT 1.578 0.225
720 207808 25,035 HE I S 1.623 0.232
/40 2,859 250731 2200800 1.668 0.238
760 2,030 206,426 240409 1.713 0.245
7850 123 3.014 27,122 25,1173 22758 0.251
000 O 3.091 270807 PATI A 1.803 0.258
S0 Lol d.bon DR800 CAIRNEN 1.08.4¢ 0.264
Gal TR 3000 QU208 27,004 1.893 0.27¢6
&oo RIS IR 3.323 29,903 27 00 1.938 0.277
s 0 34000 3,400 30.599 28.332 1,983 0.283
900 34.771 3,477 31.294 28,9706 2.028 0.290
420 35,544 3.554 31.990 20,620 2.073 0.296
040 36.317 3.6732 32,0685 20.204 2.118 0.303
9G60 27.090 3.709 33.351 30.9008 2.164 0.309
980 37.862 3.7326 34.070 31.652 2.209 0.316
1000 38.G635 3.863 34.771 32.190 2.254 0.322
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0.134
0.140
0.147
0.153
0.160
0.166
0.172
0.179
0.185
3.191
0.198
0.204
0,211
0.217
0.223
0.230
U.236
0,242
0,249
0.255
0,262
0.208
U.274
0,28

0.287
0.293
0.300
0.306
0.313
0.319



APPENDIX 3

jantity of oven dry particles, adhesive (9%
(size 2.43¢ % 1.219

MOLSPURE  QVENT DRY
It BoAkD  PARDIOLES
Q1ous it TADHES VL
BOARD TWAN

MASS

(k)

me s

1 .U09
1 L0
1 0 15,299
1 7 15,995
1.854 16,090
1.932 17.3040
2.006 18.081
2

)

L0846 18.777
20104 19,472
20040 20,1067
2.318 20,803
20299 210558
V'A"'l'“v il : N
Jend) CRCANL PV
Jaud 23045
20704 2403400
DL782 25,0734
2,859 2507231
20936 26,404
J.UL4 27,122
7.091 27,6817
3,108 28,513
3.245 29,008

L300 290000

00U 30,599
1777 31.294

~3
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270
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731
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in a particleboard
0.013 neters) of density 400 to 1000 kg/m3

0.183
0.190
0.196
G.202
. 209
215
221
L 228

234

240

247
253

259
.266
272
.278
0.284
0.291
G.297
0.303
0.310
0.316



APPENDIX 4

uantity of oven dry particles, adhesive (105), was (1%) in a particleboar
anels (size 2.438 x 1.219 = 0.013 meters) of density 400 to 1000 kg/m3

OARD BOARD MOTSTURE  OVE DRY OVEN DRY  OVEN DRY  OV.N DRY
ENSITY MASS IN BOARD  DPARTICLLS PARTICLES  ADHESIVE  WAX
ESIRED Q107 or FADLIEIS LV (0 10y (6 1%)
BOARD A
HASS
(kg/m3) (kyg) (ku) \lg) (kq) (kq> (k1)

(D) M=DxV RS VI Pnn M-a | L L AmJL LOxP E-0.01xP
lUO/Jll

400 15,454 1.549 13. 909 lJ.JJO 1.253 0.125
420 16.227% 1.623 la.604 13.1%7 1.316 0.132
140 16.999 1.700 15.299 10,763 1.378 ".138
460 17.772 1.777 15.995 14,4070 1.44 J.144
«30 18.54 1.85%4 16.0690 15,036 1.504 0.150
500 19.317 1.932 17.38¢ 15,0603 1.566 0.157
520 20.090 2.009 18.081 16,289 1.629 0.163
H40 20.803 2,080 18.777 15,9016 1.692 0.169
560 21.6306 2,164 19,472 17,4547 1.754 0.175
580 22.408 2.241 JOL0167 18,169 1.817 0.182
600 23,131 2.318 20.8073 18,745 1.880 0.188
620 23.954 2.399H 21.5L8 1v.q22 1.942 0.194
Gl 240700 204073 Q200N SO0 S 008 0,200
60 Dhaud Lenhy 220000 RACIEIVAY R v 0.207
G RETRRCS 2.0 23000 Shooad 20100 0,213
FRvIY) Q700 2.704 AL au I R D J0103 0.219
ou 27,817 2,782 RAVIE LN LG L0205 v.226
PRIV 280090 JLOLY RTINS LN 20318 0.232
750 200003 o936 VIR daoany 2.381 0.238
e 3001354 PL0L4G ISRV IR Jebed dd 2,443 0.244
200 SO0 S.09] Y 25060 2.5006 0.251
] BRI S Li A R ) 2050y 0.257
AEYRY Jaahd S Joesoen ST O 2.03] 0.263
2050 JSL000 JIP DO PRI 2000000 2.694 0.269
G80 33,099 Jealu 30,0599 200567 20757 0.276
900 KRS Sl 3Lz 28,193 2.819 0.282
$20 35,544 3.55%4 31.990 28.820 2.882 0.288
9410 36.317 3.632 32.685% 29,440 2.945 0.294
960 27.0990 3.709 33.381 30.073 3.007 0.301
980 37.862 3.786 34.070 30.699 3.070 0.307
1000 38.0635 3.863 34.77) 31.326 3.133 0.313
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uantity of oven dr

anels (size 2.4138

OALD BOARD

ENSITY MASS

ESTRED

(kg/m3) (k)

(D) H=D:V
100 22.587
420 23.716
44 24.84%
460 25.97%9
180 27,104
500 26.233
520 29.363
54 30.492
560 31.621
780 32.751
600 33.820
620 35.009
w1 0 36,159
'J'J(J 3’4} ."l\’l
Lo 330730
700 39,527
720 GOLa5G
740 1 VAN
70) D
G0 R
00 G$9.173
820 du, 30l
B PIARRHEN
MO PRI
880 Y. G
900 50.820
920 51,9459
940 53,079
960 54.208
380 55.337
1000 56.466

APPENDIX 5

y particies
® 1.219 « 0

IN BOARD
@loe op
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,oadhesive (70), wax (1%) in a particleboard
-01Y meters) ot density 400 to 1000 kg/m3

OVLEIl DRY
PARPICLLES

OVEN DRY
ADHES1VE
(@ 7%)

OVEN LRY
WAX
(@ 1%)

IVELD DIvy
PARYICT B
HADHES TV
WA
(;‘LJ)

(ky) (lg)

PAW M- P DAL A=0.07»P  E=0.01xP
100/108
0,308 18,870 1.318 0.183
21,344 19.763 1.383 0.198
22.361 20.704 1.449 0.207
23,377 21.045 1.515% 0.216
24,194 22.587 1.581 0.226
26,410 23.628 1.647 0.235
26,426 24.469 1.712 0.245
27.443 25.410 1.779 0.254
28.459 26,351 1.845 0.264
29,476 27,202 1.910 0.273
30,492 28.233 1.976 0.282
31.508 29.174 2.042 n.292
RNy Ty 2.108 0.301
SRR EERNIEY, 20174 0.311
3a.50 SR 2.240 0.220
35,570 2.306 0.329
36,590 2.372 0.339
37,07 e 2.427 0.348
J38.673 36,702 2.503 0.358
JYLGI0 JO.703 2.509 0.367
40,005 37,644 2.635 0.376
i1.670 SRS 2.701 0.386
4000y 30, 2767 0.395
G5.0n G0 a0 2.8 0.40%
da.721 41,109 2.899 0.414
45.738 42,350 2.964 0.423
40,754 13,291 3.030 0.433
17,771 1A.232 3.096 0.442
48,787 45.173 5.162 0.452
49.803 46,114 3.228 0.461
50.820 47.055 3.294 0.471



APPENDIX ¢

qantity of oven dry particles, adhesive (8%), waw (1%) in a particleboard
inels (size 2.438 x 1.219 x 0.019 wocers) of Jdensity 400 to 1000 kg/m3

JARD BOARD HOISTULE

OVEN DRY OVEN DRY OVEN DRY

OVEN DRY

INSITY MASS 1IN BOARD  PARTICLES PARTICLES  ADHESIVE WAX
ZSIRED @102 OF +FADHES1VE (0 8%) (@ 1%)
BOARD +WAX
MASS

(k) (Fy)

(kq) (kg} (kg)

PPk A=0.08xP E=0.01xP

PAU -

(D) el
100/ 109
400 22.587 2.059 20.228 16.¢ 1.492 0.186
420 23.716 I 210344 19,4500 1.5%67 0.1960
440 24,845 2.485 24,0301 20 1.641 0.205
460 25.975 20507 23.377 21 1.716 0.214
480 27.104 2.710 24.394 22 1.790 0.224
500 28.233 2.823 25.410 23, 1.8065 0.233
520 29.363 2,936 26.426 24,244 1.940 0.242
540 30.492 3,049 27.4473 25,177 2.014 0.252
560 31.621 3.162 28.459 206,109 2.089 0.261
£80 32.751 3.275 29.4776 27.042 2.163 0.270
600 33.3¢80 3.328 30.492 27,974 2.238 0.280
€20 35.009 3.501 JL.508 28,907 2.313 0.289
BGY 30,170 2ot PRI AY EATNAY) S 387 0.298
GCO 37.0060 3.007 33.541 J0.VR 2.3062 0.3u8
G20 30,397 3.8740 34.597 310704 2.536 0.317
700 LS I 5.9573 350574 32.647 2,611 0.326
V20 G0.0LG 1L 060 36,590 33500 2.686 0.336
740 al.7ay 1179 37607 340502 2.760 0.345
760 12,018 4.291 35.623 EATIRR IR o 2.835 0.354
780 44,004 G048 39,0734 36,300 2.909 0.364
300 a5.172 T.H17 G0.650 37,209 2.984 0.373
820 VL3062 PL 00 31,670 38,000 3.059 0.382
800 N AN HR S Y2050 RRVI R PN 3,132 0.392
o600 Yo [ PRI ) VAR 10090 2.208 0.401
380 9.0l 1.909 daL ol 41.0:9 3.282 0.410
200 50.820 5.0382 45,738 41.961 3.357 0.420
920 51.949 5.199 46,7543 42.894 3.43¢2 0.429
940 53.079 5.3038 47.771 12,826 3.506 0.438
960 54.208 5.421 418.787 d4.,7%9 3.581 0.448
980 55.337 5.534 49.3503 45.69] 3.655 0.457
1000 56.4066 5.647 50.820 46.024 3.730 0.466
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APPENDIX 7

lantity of oven dry particies, adhesive (uL), wax (1%) in a particleboard
mels (size 2.438 x 1.219 » 0.019 neters) of density 400 to 1000 kg/n3

JARD BOARD URES OVEN Dy OVEN Dit OVEIl DRY  OVEN DRY
INSITY MASS BOMRD PARTICLH PARTLCLES  ADHESTVE  WAX
ISIRED 0100 OF  4ADIES 1V (6 9%) (0 1%)
BOARD FVIAY
HMASS
‘kg/n3) (ky) {kg) flu) (hg) (kq)

(D) MDY BE0.1 PAM Henm P=DAU A=0.09%P
100/110

ld.GLO
19,404

20,328
21,252
22,170

$)
[Gg]
O
SISt |
g
L W W
Oy ee 1
Sl e e
= e
. .
o]
w
<

o

500 238,233 2,823 ‘5.:10 23,100 2.079
520 29.363 2,930 26.426 24,0024 2.162
540 30.492 3.049 27.443 21.948 2.245
560 31.621 3.1G62 28,459 25,872 2.328
580 32.751 3.27% 29,476 26.796 2.412
600 33.880 3.3e8 30,492 27.720 2.495
620 35.009 30501 31,508 28,644 2.578
640 30,1739 PN BRI DL e 2.661
660 37,268 30027 33,541 St 20744
630 38,7397 bonan 3405457 31,000 2.827
700 R IN RPRYESE 350574 GLau 2.911
720 40,050 4. 000 30.590 35000 2.994
74 1,785 9. 179 37.607 BRI o 3.077
760 G R I a.a] 38,6023 L0112 3.160
T80 gL Uaa G 04 39,0139 30,050 3.243
600 d5.0170 SO0 40,650 36,900 3.326
000 RO RIS} Gl.arn 3700 3.410
La0 ROV el G600 38,008 3.493
X910 BRI G0 G308 DS IRV AR DS T.H76
o0 SGULGul R VIR G0.656 3.659
900 L0820 Lo 49,738 41.%80 3.742
920 51.949 5.195 46,754 32,504 3.825
940 53.079 5.308 Ga7.771 43.428 3.909
960 Ha.208 Hoazl 18.787 44,352 3.992
980 55.337 SPRII 19.803 45.276 1.075
1000 56.4G60 H.ua7 50.820 16.200 1.158

79



APPENDIX 8

lantity of oven dry particles, adhesive (10%), wav (1%) in a particleboar
inels (size 2.438 % 1.219 % 0.019 meters) of density 400 to 1000 kg/m3

! MOISTURE OVEN DY OV LY OVEN DRY OVEN DRY
NSITY MASS I EDARD PARTICLES PARTLCIES  ADHESIVE  WAX
ISIRED Q1oL or FADHES T VE (@ 10%) (@ 1%)
BOARD WAY
MASS
(k)

(k) (kg) (kg

(D) M==DxV m=Mao, PAW=P-m P=patly A=0,1xP E=0.

IH
1]
Il

—
o™
(S
=g

20.328 18.317%

. 0.

420 23.716 2.37¢ 21.344 19,229 1.923 0.192
440 24.845 2.485 22.3601 20,145 2.014 0.201
160 25.975 2.597 23.377 21.000 2.106 0.211
180 27.104 2.710 24.394 21.976 2.198 0.220
500 28.233 2.823 25.410 22,892 2.289 0.229
520 29.363 2.936 26.426 23.307 2.381 0.238
540 30.492 3.049 27 .44 24,703 2.472 0.247
560 31.621 3.162 28,459 25,6149 2.564 0.256
580 32.751 3.275 29.476 26,555 2.655 0.266
600 33.280 3.388 30,492 27.470 2.747 0.275
620 35.009 3.501 31,508 28,356 2.839 0.284
G4 3G.1:4 3.014 2050 RV IR 2.93¢C 0.293
G660 37.008 20727 33.941 0.2 3.022 0.302
(214 368, 207 1L840 34.557 1.1 3.113 0.311
00 390027 IS RPN 30974 $2.004 3,205 0.320
720 0. 656 VI 3G.590 32,9064 3.296 0.230
10 41,789 AT 37.607 350800 3.338 0.339
760 G2.e1 .91 38,620 BR IVATTH 3.4380 0.348
780 da. 004 Gl 39.063Y 3,711 3.97] 0,357
800 45,173 venl? UL 000 3L 607 3.663 0.3066
£20 6L 3008 L0320 HE R CAY] 37000 3.754 0.375
540 PLoa i S HA P 5 v b 3.840 0.38%
560 oL Lol ) e Va0 PRIV 3,937 U.394
360 G969 P00 HOBAVACH! G000 4.029 0.403
900 H0,82 5,082 45,738 41,205 4.121 0.412
920 51.949 5.1995 46.754 42.121 4.212 0.421
940 53.079 5.308 47.771 43,037 4.304 0.4320
960 54.208 H.421 48.787 43,952 4.395 0.440
g0 55%.337 5.534% 19.803 44,808 4.487 0.449
1000 56.4G6 5.647 50.820 45.784 4.578 0.458
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APPENDIX

Standard Requirements of
Particleboard

Commercial

Standard s

236-66 for

Modulus of
Density(grade) Ruptare
edye
Cluser

hg/ond hygton?

Modulus ot
tlosticity

Internat

hg/cm2

Screw holding

Lincar
Lend eapansion face
% N1 ig

Type(use 1)
interior applicaticni

Mat-formed particleboard (generatly made with ureas formaldenyde-resin binders) suitatble for

A. High density 1 T08.7 24607
8U0 kg/m3 and over 2 239.0 24607
B. Mediun density 1 12.5 17577
590 - 800 hg/ued 2 168.7 28123
C. Low density 1 96.2 10546
590 hy/nd ond under 2 Y8, \eYe

14.06
9.84

4.9
4.2

reong

1.41
2.1

0.5¢ 204.5 .
0.55 -

0.35 102.3 72.7
0.30 102.3 90.9
6.30 56.8 -
U.30 9.5 -

ypetuee 2) 0 Mat-foriaed particleboard made with durable and highly ot ture and heat resistant binders

(generatly phenolic resing) surtable for interior and cottain eaterior applications,

AL High density 1 len, 7 Jae07
830 hg/ud and over 2 2370 35153
B. Modium density 1 126.5 17577
590 - 800 hy/ud 2 175.7 31638

81

8.79
c8.12

457

6.22

0,55 204.% -

0.55 227.3 159
0.35 162.3 72.7
0.25 13.6 90.9

Steength cLacsatication ba | oon propet e of panele cut tentby prcadoe e


http:Rupt;.rL

APPENDIX 10

Standard Requirements of Pakistan Standard PS ¢19: 1967 for Medium
Density Particleboards

Property Limiting7Va1ua

British Units Metric Units
Density 29 lbs/ft3 465 kg/m?
Modulus of Rupture 1400 lbs/in? 98 kg/cm?
Tensile Strength 40 1bs/in? 2.8 kg/cm?
perpendicular to
surface
Water Absorption 30 % 30 %
Thickness Swelling 20 % 20 %
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