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DESIGNING A PARTICLEBOARD PANEL OF DESIRED PARAMETERS
 

S.M. Yasin and T.A. Qureshi*
 

SUMMARY
 

The properties of 
 a particleboard 
 panel are
influenced by manufacturing parameters as well as the
quantitative composition of a board in addition to qualitativeproperties of the raw materials. Realizing the importancethe quantitative composition of 
of a board in controlling the
board properties, methods were developed to calculate thequantities of board components. For easing the designing ofcommercial size boards of 400 to 1000 kg/n3 density, theirquantitati-,e composition .,s computcd and tabuliated withhelp of IBM computer. Factors and techniquc: for 

the 
calculatingthe quantity of ra.; materials at spec ific moisture levels were 

developed.
 

Techniques for determining the physical propertiesof raw materials and various physical and mechanicalproperties of board were surveyed from the literature anddescribed precisely. For evaluating the quality of board,information on various property rouiLrements as outlined invarious standards was gathered and tabulated. 

The authors are Director Forest Product Research 
Division and Assistant Composite Wood Officer atPakistan Forest Institute Peshawar, respectively. 
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DESIGNING A PARTICLEBOARD PANEL OF DESIRED PARAMETERS
 

INTRODUCTION
 

Particleb-ard is a sheet material manufacturedthe particles fromof wood or other lignoce]lulosic materialsbonded together by using binder cured under the effect of heatand pressure. A wide variety of raw materials and particles ofvarying sizes and shape may used thebe in manufactureboard. Although the process ot 
of such

producing boards is simple,large number aof raw materials and manufacturing parameters
interact and affect board propertie.; (1) . 

Of all the variables influencing properties of aparticleboard panel, species is one of the most significant.It interacts virtually with every other viriibie and governsthe type of particles that can be generated from it. Forexample, some species produce Iparticles; which produce boardswith extremely smooth surfaces (2,J,.i) . 

The mos;t important speciesn variable governing boardproperries is the density oi wood. In general , the low densitywoods produce panels of desire( density range. In the UnitedStates of America, the density of' wood speciesparticleboard manufacturing being used in 
ranges_: between 3u0 - 500Some wood species of about (150 kg,/u3 dens i ty are 

kgin. 
also used forproducing high dens ity boards.
 

An intensive research 
elort i!- underw-.y to developways to use high density wood ,s-pecies tor producingdensity boards. mediumThe reason for the prefr,ntial 
Use of lowdensity species that's they can be compressed into mediumdensity 
boards with the assurance that a ficient interparticle contact is developed (11-ing 1 ngdur'0ng prt operations toachieve good bonding. Heavier speciesc- nnot Qe compressedinto medium density boards having good bonding. 

In ltl,-al, aceptaIo physi ICropLl-t- ienboard can h Lc in aid it t iled :;it oi L ' n - it least 150to 200 giV glelt1I" thain the d.s; io of poe'o,1 to; used.The appropriate pre:siure requi red to pros. a ispanel relatedto the compression ratio, i.e., board density : speciesdensity. A compression ratio of 1.3 : 1.0 providesguideline for determining the su i'ta!)i1ity 
a good 

compressed into board. 
of a wood speciesa Such higl eg density boaIrds would bewell bonded having good !strength. 1lowevei, th greater weightand machining difficulty of such hignhdensity boards hinderstheir acceptance in the common i,-rket. 
A pa-itiall !ouLltion tothe utse of higih deni;ity s;pecioe, i to mix them with l owdensity species to achieve mediu1111 deAnsity 1)0LIor1 () .
 

Board density is a po.eri'uL iactor atfectingproperties. In practice, the easies-;t 
board 

way to improve most board 
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properties is to increase the board density. The increasedboard 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 uqed effectively.
Increasing board density not only imp roves effectiveness ofresin but, of course, causes thn presence of more Wooo( for
resisti ng mechan ical loads. In plIaces heru wood costs are
low, increasing board density is thu cheapest way to improve
board properties. However, the increased board we igqht can
result in a heavier board which is dittic It to handle, cut
and machine. Furthermore, if freight rates are higher, heavier 
boards are costly to ship as well (6). 

The most frequently used resins for particleboard
manufacture are u rea forma1duhyd, and phenol orsa Idehyde.
Urea resins are the major bi nders used in the particleboard
industry throughout the world. These ar favored because of
low price, ease of handling and fast curinig in the press. They
are colorless do not theand color linal product. Phenolic
resins are favored for products used for exterior
applications. Melamine re: ins or combinations of mel ami ne and 
urea resins produce partici ,boards that arc Loirly weather
resistant. Urea-melamine-phenolic combination:; are also used
in Europe in exterior typo board:. Vhe quantity of resin
addition is as G - 101 by weight cf particles (7). 

A number of add it ives are added to the 
particleboards I or produci Ji::hired propert i es. 'r;oi most
commonly used aid it iv, i s wax whi ch i lll,:Lir1t', :;'istance t. 
absorption of vater. The rate ot vax mulsini i: quoted as 0.5 
to 1.0 (8,9,10). 

Although a good deal of- literature on various
aspects of particl board manul acture, properties and uses is
available, information on dei;gning the panels is lacking.
Such information is very important I or particleboard
manufacturers because designingproper W1 particleboard is 
responl-ill- for it:; uconomical And ii lity prodaution. 

In thi; stud',' a trial was made to produce enoughinformation for easing the designing of atboard the local 
industry. It was planned to accumulate 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 panel is mainly composedcellulosic particles, binder and 
of ligno

'ax emulsjion. About to90 88% of a panel mass consist; oi lignoce]]ulosicbinder and particles,wax emulsion and the rest is moistuce.is generally added The binderat the rate oa 6 to Ioi T andat the wax emulsionrate of 0.5 to ].04 by weight ut oven dry particles. 

The lignocellulasic
stem, branches, lops and 

prt icles are obtained fromtops of trees asagriculture residueis ,lell as fromsuch as cotton stick~s, sugarand cane bagassecereal stalks. These fibrous materialsdisintegratcd proporlV for 
are shredded and 

prouo ing IdOquaIto ze particlesfor mixinq with binder and at,"r r !pumonq. 

ihe bi ndor cons;istsi of uCA folmalJohydeabout to syrup ofGO 70 t solidi" IThe nix emulsionwater, wax and lade by mixingan omuls ifieris adie ibefore to the tinder solutionmixing it with particles to incorporate water
repellency in the board.
 

The particles, 
 bet orp blending withemulsion, are binder and waxdried to 8 to 12 1 oistue. Partic]es havinggreater quantity ot moisture can also be Miu.;d withthe pressing linder butoper ation is adversely at ected.moisture content of the mat, 
The higher the

the longer it takesbeard. to press aIn addition to longer pr(o;,inqblow apart if ,u 
time, the board mayt puos3 i:s not tll pr'I roperly during

pressing. 

2.1 Designing a particleboard panel 

In addition to propertieus of raw materials,quantitative theirproportion is very important for controllingeconomics theof board production and board properties.quantity if Inadequatebinder causes wealk" bonding, ]ce-lower streng th compaction anidPrU-ot ir,-;. adIt iiton or insufficientamount of Sat, ripul i.' l ,tJI-ent ;. J:' ; tita Fu.Mi less resistant 
to humidity and muistur.
 

In addition 
 to affecting boardincrease in properties, anthe quanltity of binler makesincreases the board costly andair po llution, heal th hazards andproblems. machiningTherlore proper estimation and col0pttatiocomponents of boardprior to their mixing can ensure properand designingachievement of desired propertiesquantities in a board. Theof di.Iferent component; in a particleboardare calculated on panelthe basis of board uarametersdimensions, rate of wax 
such as bard

emulsion addition, rateaddition and of binderboard moisture. The oven dry quantities of board 
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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 Board parameters
 

(a) 	 Board dimensions
 

- length (L) = 2.438 meters (8 feet) 

- width (B) = 1.219 meters (4 feet) 

- thickness (T) = 13 mm = 0.013 meter(0.5 in) 

(b) Rate of wax emu- = I by weight of oven dry 
ision addition particle:: 

(c) Rate of binder = 7 % by weight of oven 
addition dry particles 

(d) Board density = 600 kg / m3 

(e) Board moisture = 10 1 by 'eight of air dry 
mass of board 

2.1.2 	 Oven dry quantities of different components in a 
particleboard panel 

(a) 	 Total mass of panel (air dry) 

- Board density x Board volume 

- (D) x (V) 

- 600 x 0.03864 

- 23.181 Kq 	 . .. M) 

(b) 	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(%)
 

= .(PAW) x 100 
108 

= 20.863 x 100 
108 

= 19.318 kg ... (P) 

(d) Quantity of oven dry adhesive in the panel
 
= Oven dlry t .....d Y_2......c]e. _xadhesive([J 

100
 

(P) x 7-_
 
100
 

= 19.318 x 7 
100
 

1.352 kg 
 ... (A)
 

(e) Quantity of oven dry wax 
in the panel
 

= Oven drypal-tici es x wax %) 
100 

= 19.318 x 7 
100 

= 0.193 kg ... (W) 

Sumn,:,rv of these calculationl procedu-Cres is shown in Fig. 1 

The quantities of ditferent board components incommercial size particleboard panels of following parameters
have been computed and stated in appendices i to 8. 

(a) board density = to,00 1000 kg/m 3 

(b) rate of binder addtion = to 7 10 

(C) 
rate of wax emulsion addition 
= 1 % 

(d) board moisture 
 1 %10 
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Total air dry weight of panel ( M :kgs) 

P.A.W m(kgs) 	 23181
 

M:D x LWx T (600 , 2.438 x1.219 x 0.013 meters) 

Moisture ( 10 Y by weight of air dry panel (m) m 

P.A.W 	 (oven dry) 20.863 [2.3B1 

Mx0,1 :m 

Particles (P) A&W m 

P (ve dy) 19-317 1,546 2.318 
P = PAWx 100/ 108 

Adhesive 0 7/ and Wcx 9 1 A W rr 

P 19'317 .352 0 2.318 
(oven dry) F35/ 

07xP = A W :P,,0.01 

Fig. 1 Summary of the calculatio procedumes (Cummu. tiv,, 
quafltJ t Lii ve coiiio:m;i.tion or :apartio.lvhour', pulnn1.
of' density,:, (D) 600 kL:/a :3 

7 
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(e) board dimensions 

-

-

-

length 

width 

thickness 

= 

= 

= 

8 feet (2.438 meters) 

4 feet (1.219 meters) 

0.5 & 0.75 inches 
(13 & 19 mm)

Now it 
is very important 
to note that
board components are available neither the
in oven dry form nor they
be mixed together as such even 
can
 

is therefore if they are made available. It 
onents 

required to know the quantities of board compin the available or readily mixable form. This can be
done as 
in 2.1.3.
 

2.1.3 
Quantity of readily mixable form of board components in
 
a panel
 
The readily mixable 

particles at 9 to 13 
form of board components are the% moisture content, adhesive syrup at 30to 40 % moisture content or 
60 to
emulsion at 70 to 72 

70 i solid content and wax
% moisture content orcontent. After determining the 
28 to 30 % solids

quantity of ovenin dry componentsa board (2.1.2), 
the quantity of 
readily mixable form of
board components can 
be calculated as 
tabulated below:
 

Type of 
 Specifications 
 Calculated Quantity of readily
board 
 of available 
 quantity
component board mixable form of

of oven 
 board components


components 
 dry board
 
1.1C' Sol id components solid..O.) Wt x 100. ..e

(air contents d content 
dry 
base) (100-MC)


(%) () (kg) (%) 

- Particles 
 i0 
 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 

8
 



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 wnod, 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 tools and influences the particle 
geometry negatively. Similarly, the solid content of adhesives
 
and additives also influence the board manufacturing
 
processes, board properties and cost of production. The
 
different properties of raw material are determined as under: 

3.1 Moisture content of wood
 

In general, 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 pieces, cut about 5 cm 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 S1, S. Weigh each disc to 
an accuracy of 0.1 gins and dry in an oven at 105 + 2°C 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 C(sl) % (w1 - W2 ) 100 / U2 

Where W1 = Weight of disc S before drying 

W2 = Weight of disc S 2 after drying 

M C(sl) % = Moisture content of disc asS1 
percent of its oven dry weight. 
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Similarly determine the moisture content of discsS2 , S3 ..... Sn, Compute the mean value andmoisture content record it as theof the wood lot. 

MCsl M~Cs + .. . . .MC~n 
M C of wood lot (%) 
 . .
 

Where n 

M C (S1) Moisture content of disc s, 
M C (S2) = Moisture content of disc S2 
M (Sn) = Moisture content of disc S 

n = Total number ot discs 

Proforma P-1 is used to recurd data thisexperiment. Information moisture present in wood 
of on

reported as percent can beof its Oven dry weight or air dry weightas shown below: 

(a) °M C as of air dry weight of 
W1 W2 x 100

wood = 

W1 - W x 100(b) M C as % of oven dry weight of wood I W
2 

1 

p2 

Oven dry weight based m11oistrurequantity of moisture content (,) is thepresent in 100dry weight based gis of oven dry wood. Airmoisture content (,) themoisture present i,; quantity ofin 100 gins of green/wet wood. 

For the same '..ood simple the valuetypes of moisture contents of both theseaire guite different.content Moistureas ' of air" dry -,eight of v-,ood i"; aslesser comparedto oven dry weight based mci:;ture. Thbi,. shownis in thefollowing example: 

EXAMPLE 

Suppose W1 80 gins (weight before drying) 

2 60 gins (weight after drying)= 

a) M C as % of air dry weight of wood = 
= (80 - 60)100 / 8'0 = 25 % 

b) M C as % of oven dry weight of wood = 
= (80 - 60)100 / 60 =z 33.3 % 

10 



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

100 - M C = 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+ 20 C. During drying stir 
the particles to ease moisture evaporation. After about 24 
hours take the beaker out of oven and desiccate it for about 
15 minutes followed by weighing. The weighing in all cases 
should be done to an accuracy of 0.1 gis. Calculate the 
moisture content as below:
 

MC% = (W - W2 ) 00,1W1 

Where 1 Weight of particles before drying 
(without container) 

W2 = Weight of particles after drying 
(without container) 

MC% = 	 Moisture content as percent of oven 
dry weijht of parL'icles. 

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 ea: wood take about ten 
specimens of si::e :.,) cm x 2.5 cm x .0 cm,,. The edges of each 
specimen should be clean and : traight. Mark them as S1 , 
S2. . . . . . . S,,. MeasuLre the dimensions uf each specimen to an 
accuracy of 0.1 mm and weigh to an accuracy of 0.1 gram and 
calculate the density as under: 

D(SI) [1 / VI 

Where DW) 	 = Density of specimen S1 

MI = Mass of specimen S1 

VI = Volume of specimen S t 

(length x width x thickness) 
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Similarly determine the density of other specimens,
compute the mean value as 
under and record it as 
the density
of wood lot.
 

D(Si) + D(S2) + . ......
 

n
 

Where D 
 Density of wood lot
 

D(sl) 
 = Density of specimen S
1
 

D(s2) 
 = Density ot specimen S, 
D(sn) 
 Density of specimen S
 

n Total number of specimens 

After determining
moisture the density, determine thecontent of each specimen as in 3.2. The moisturecontent variation would help in explaining the variation inthe 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 3 , when the weight isin kilograms and volume in cubic meters i.e.length, width and thickness are all in meters. 

(b) The density is recorded as gm/cu 3 when the weightis in ,g ns and Voltime in cuhlb: cent i meter; i.e.length, Width and thicknes. . . a 1 in centimeters. 

(c) 
The density is.;recorded as Ibs/cft, when the weightis in pounds and Volume in cubic feet i.e. length,width and thicikness. . . all in feet. 

3.3.2 Length, Midth and thickness measuring tools. 

The length and width of the specimens iswith the help of instrtments measured
capable of measuringaccuracy to anot 


(Fig.2) 
at leatO . I mm. Genera IIy , a v'ernier cal i peris: used tar such neasu-rements. Micrometeris used for measuring thickness (Fig. 3)

of particles as well aspart icleboa rd. These tools measure
precisely even to 

the leng th and width veryan accuracy of cm they need0.01 butskilled worker as is a 
ait bit difficult to read them and 
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Fig. 2 Vernier Calliper Commonly used for 
length ard width measurements. 

Fig. 3 	 Micrometer commonly used for 
thickness measurement. 

13 



therefore, 
the worker has to do with lesser number ofreadings. 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.
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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 = L x W x T 

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 but only very small specimens can be 
used.
 

The volume of a wooden piece can also be measured by 

water displacement techniques shown 3.4 and 3.5as in 	 below. 

3.4 Determination of density of wood by watur displacement 

technique 	 - (Method I). 

Take about ten specimens. Hark them S, S2... S 
Weigh each specimen in air and then in water (Fig. 6) 
Calculate density of each specimen as under: 

D(sl)
 

W - W2 

Where D(sl, = Density of specimen S1 

W1 = Weight of specimen S1 in air 

W2 = Weight of specimen S2 in water 

W1 - W2 = loss in weight 

= volume of specimen S, 
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Fig. 5 	 Volumeter for determininr the volume 
of' aispecimun (1. micrometer tube 
2. stem 3. c;a]. /4. hnn.'indl 5. cover 
6. index 7 wooden basu). 
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Similarly determine

specimens, compute 

the density of the other
the mean value as 
under and record it as
the density of wood lot.
 

D D(Si) + D(S2) D(sI) 

n 
Where 
 D = Density of wood lot
 

N) 
 = Density of specimen SI
 

D(s2) 
 = Density cf specimen S2 
D(sn) Density of specimen Sn
 

n 
 Total numbr of Upcimens
 

Proforma P-4 is used to recordexperiment. Determine the moisture 
the data of this 

in 3.2, for predicting the 
content of each specimen ascauses of density variation betweenthe specimens.
 

3.5 Determination of density of w:ood by 4,ater displacement

technique - (Method II).
 

Take about ten specimens of any suitable size. Mark
them as Sp S2 .... S1. Weigh each sample in air then take abucket or any other container having enough water to submerge
wooden piece of 
.'hich the dens i cy is to be dete.mined. Weigh
the container having wator, on a ba alace. hldinside the speciimen S,water contained in the bucket wh I ebalance. The wooden piece 
it is on the 

should not 
touch the sides
container. of theIt can be hold so by hanging iA withthread f i xed to a piece ofa stand or by holding a nal]specimen (Fig. 7). 
fi xed into the
Weigh the water container having specimen
inside the 
water and calculate its density 
as below:
 

DCs)5 - WI / - W )(P 3 

Where D(sl) = Density of specimen SI
 

W = Weight of specimen S, in air 

W2 Weight of bucket
container having water only.or
 

W3 Weight of bucket orcontainer having 
 water and
 
specimen S, held inside it.
 

-W3 W2 Volume of specimen S, 
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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 iJ. used to record data of this 
experiment 

3.6 Basic dertity or wood. 

Basic den:;J cy of wood is deternined by using the 
following expression: 

-asic density Oveld Iy woight. otf wood 
green volume of wood 

Sv en ry .Ot of wood 
Los.; in wei ght in water 

Loss in weight in water iL; determined as described 
in 3.4 or 3.5.
 

3.7 Solid content of adhesive ard ia>.: omisll.sion solutions 

Information on solid content of adhesive solution is 
useful in determi ning the cquantity el: adhesive solution 
required to make a bcard. For ctermining the solid content 
of binder take a ,'tch g]as and w, i (h it on a balzVnce to an 
accuracy of q:n. t !30 Ce, CA adhos;ive or wax0.1 iae 0 the 
emulsion on watcl ]ia nji ..ani e Oh it in. 

I t t h'e . ci) in tilt' 0'tLn it I , .. C. Stir the 
sample gontly .:,ith gI s rod duiing drying. .fter about 24 
hours, iesiccate it for about 15 mi ut:; tolo,ed by weighing 
on the same balanse used before. Sol id content is calculated 
as under: 

) ",)100 "71Moisture content( - V(1 / 

Where ' C i g adil i i() (withoutweh i 
container) befo-ore drying 

= weight of adhesive (withoutIq2 
container) after drying 

Wi - W = loss of moisture 

Solid content(%) : 2 x 100 / W1 

OR 
Solid content(%) = 100 - MC 

Determine the solid content of at least five samples 
and take the average solid 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 of binuer and wax emulsion, 
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 manuracture by the local industry has been 
recently started. 'The liquid urea formaldehyde has different 
grades/brands for plywood and particleboards. In general,
ammonium chloride is commonly used as hardener. However,
different manufacturers supply 
 some speci fic commorcial 
hardener with their adhesive brand. The w.:ni of hardener
with the adhesive 
 syrup i; carried out according to 
manufacturer's speucifications. Wax emaulsin is mixed with the
adhesive solution before spraying onto the Parttic]es. The wax 
emulsion is added to the adhesive solution slowly and mixed 
thoroughly by stirring with electric stirer.
 

3.9 Preparati on "I wax emulsion
 

Wax emuIs ion may or may nt I.e ava i]able in a 
readily usablo iorm. It can be easi I y prepared in the
laboratory by mi:.intg adequate quantitie.s el wax, water and 
emulsifier. The emua s i1er is made by mixing concentrated 
liquid ammonium hydroxide with powdered 't,.ric acid in equal
quantities. Excess ammonium hydroxide is used for dissolving

stearic acid completely and converting i.t into ammonium 
stearate whi.ih ,totsas emul sif i er. Wax is nio., with boiling
water and the emuli:;fier is added slowly while stirring with 
electric st i rer. The m i xi n ratio of .'ater, wax and 
emulsifier is 71 : P& : 4. 

3.10 Bark quantity in wood (I-ethod-I) 

Cut a wood disc- about 5 cm thick from a log
containing bark and weigh it with the bark:. Then remove the
bark with a debarl:er or a chisel and weigh it again. The 
weighing accuracy in each case should be 0.1 gram. The 
quantity of bark can he reported as percent of barked wood or
 
unbarked wood and is calcalated as under:
 

a) Quantity of bark as : (Wi - W2) 100 / W1 
percent of barked wood.
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Where W1 = 	 Weight of wood 
with bark. 

W2 	 Weight of wood 
without bark. 

W1 - W2 	 Weight of bark 

b) 	 Quantity of bark as (W - W2 ) 100 / WI1 2 
percent of unbarked 
wood.
 

Where WI = 	 Weight of wood 
with bark 

W2 	 weight 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 each disc and calculate the 
mean value. 

3.11 Bark quantity in wood (Ilethod IT) 

Cut a wood disc rKm a lo c)onta ining bark. 
Determine the volume of disc with bairk by water displacement 
method as stated in '1.4 or 3.53. Then remove the bark with a 
debarker or a chisel. Determine the volume of wood disc 
without bark with the help of %.:aterdisplacement method and 
calculate the qJuantity of bar1k as below: 

(a) 	 Quantity ot bar)' as (V - V2) 100 / V1 
percent of barked wood 

WheUre V1 	 Volume of wood disc 
with bark 

V2 = 	 Volume of wood disc 
without bark
 

- = Volume of barkV1 V2 


b) Quantity of bark as (Vi - V2 )100 / V2 
percent of debarked
 
wood OR wood without bark
 

To know the variation 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 quantity of bark in them separately
 
and calcu]ate 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 water 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:
 

Density of bark = I - D2 

Where D, = 	 Density of wood disc 
with bark 

D2 	 Density of wood disc 
without bark 

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 app]ications of wood
density and moisture content are described below: 

4.1 Application of .wood density in estim;ting the weight ofwood 

If the VOLUMlE o1 wood contai.neod in ;t t rck is known,
it is possible to calculate the WEiGIIT by using density
information as shown in the examp]e given icolow: 

Exa19mple!_ 

Suppo'- \'U I us:1c 	 0ci ood 3.0 In3 

contained in trued: 

3
If density of wood = 800 kg/m

(Wood density can be 
determined or taken 
from the 	 literature 
for a species)
 

The WEIGHT of wood = Density x Vol. of wood 

contained 	in the truck
 

800 x 3.0 

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

M = D xV 

Where D Density 

V Volume of wood 

M : Mass or weight 

4.2 	 Application of wood dcensity in estiriatinlg the VOLUME of 

wood ill a truck 

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

Example 

- Suppose the weight of wood 1600 kg 
contained in a truck 

-	 If density of wood 800 kg/n 3 

(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 

= 	 IG00 / 800 

3
 
2 m
 

This 	is because D = M / V 

D x V M
 

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 between the cost oil wood purchased from 
different lots can only be made if the abso] ute quantity (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 easily determined 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 (O.D basis) (by weight of
 

oven dry wood)
 

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

200 x 400 

120 

333.33 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.g. (by weight of air 
(A.D. basis) dry wood)
 

- Then the weight (100 - MC _ei tof wood 
of oven dry wood 100 

CjLO -- .20) -'100 

100 

= 80 x4 ,10 
100
 

= 320 Kg 
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5. 	 MEASUREMENT OF PHYSICAL AND MECHANICAL PROPERTIES
 
OF PARTICLEBOARD
 

Me suru:..ent of physical and mechanical properties of 
particleboard is done acco'ding to standard procedures 
outlined in the STANDARDS adopted or developed by a country.
Such standards are needed by both the .anuLacture-s and the 
consumers oecause they provide a basis:; for comparison and 
estimating the level of qualty of a product. A product 
meeting the standard requirements'' c.an be used for producing 
structures of eoired propr ies w;ith a high degree of 
confidence. 

For obtaining cumiiduinc- in the values determined 
for different properties, proc"r sampling is very necessary.
 
From 	a lot or sh ipme nt of particiboard panels a represent
ative sample consisting of t..u' or three pI l i:; taken for 
measuring variuou i'iope1t1 (>0. I.From uI: pon0 1 the test 
specimens are obtaine.d tri difteont p'laci; to, study the 
variation. If there is a cci:;id - [-pvariat ion in the values 
obtained for a specific property, thO iumber of test specimens 
is increased. If th, mean value still dtoes i ot fall wiLhin the 
acceptable limits recommended Qv the standard, it means that 
the panel does not confcrm to th ,*,tanidard and should be 
discarded. 

Test specimens are made in the pl anes of both the 
longer ci:enion (length) and shw 1tu , iL..o:n;icn (width) of the 
panel. There in no limit to the nu;l o vot spec,,ens to be 
taken for a specif in test. lieveor, in thu interest of 
confidenc:e in valuesi obtai nod, att lea:st ton specimens are 
taken for eva Itlatinq each prope rty. 

The standard pro(edu re:s stated in the standards 
adopted or developed may differ to some extent. iiowever, the 
different physical and mechanical. propert ies are generally 
determined a:s ."ncder: 
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5.1 Physical properties
 

Physical properties of a panel include moisturecontent, density and dimensional changes such as linearexpansion, thickness swelling and 	 water absorption etc.Dimensional changes are measured in the form of increase inthickness, length and weight of board subjected to humidatmosphere or water contacts. These properties are veryimportant because the measures of moisture content 	 andincrease 	 in dimensions 
in 	

under varying exposure conditions helppredicting the 	 of a itsdurability panel on exposure toweather changes. For measuring the phy i cal properties ofparticleboard, 	 following procedures are generally used. 

5.1.1 Moisture content of particleboard panel 

orr c.Ler:..i-, tne ..,l-zLu-e conitent of a panel, take 
test specimens of size 75 x mm and M-k150 	 them as S, S 2 . . .S . Weigh each specimen to an accuracy of 0.01 gram and dry int6 e oven at 105 ± 30C for about 24 hours. After drying,
desiccate them 	 for 15 minutes and weigh again. Calculate the
moisture 	content of specimen S, as under: 

MC(sl) = 	 1 (10 1 - Il 2) / 12 

Where W1 	 weight of test specimen S 
before ury i ng 

W2 	 weight of test specimen S, 
after drying 

MC(si) %6 	 Moisture content of specimen S, 
as of W,. 

Similarly determrine the moi stu' content of other
specimens, compute the mean value and record it as the 
moisture content of a panel. 

MC (si) + MCs) 	 +. .MC s ) 

Moisture 	 content of a panel ____") _+ _____________ 

n
 

Where 
 MC(s) 	 Moisture content of 
specimen s1 

MC(S2) 	 Moisture content of 
Specimen 12 

MC(Sn) = 	 Moisture content of 
specimen 

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 contenl 
information are required for studying thc causes of variatio 
in static bending and other prope',tiue. Fcr determining th 
density, take test specimens oi: V5 x 5 mm and mark thel 
as S, .... S . Generally spcimunm of this size ar( 
recommended, howevur, greater size spec :Ins can also be used 

S 2 

For measuring this p ua et'ty, condition the tesi 
specimens at 65 ± 51 RH at 23 f. C ufor at least a week, 
Then take different measurements such as i'ight, length, widtl 
and thickness and calculate tne density of each specimen a! 
under : 

D(sI)  1.1/ V 

Where 	 D(SI) density of specimen S1 

1.1 weight of S1 specimen after conditioninc 

V Volume o I.2 specmen after conditionin( 
(length . width >: th ickness) 

If H is measured in g aiam:u, length, width anc 
thickness in centimeters, the dens;ity is calculated in gram! 
per cubic centimeter. 

compute 
panel. 

Similarly calculate 
the mean value And 

the 
record 

density 
it or 

of 
the 

other specimens, 
density of 

Density of panel 

D-(i I)( ) .. .DsP 

Where D(s) = density of specimen S1 

D"2) density of specimen S2 

Dsn = density at specimen Sn 

n = Total number of specimen, 

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

5.1.3 	 Water absorption by a particleboard panel during 
water soaking. 

TII p)roperty is useful fnr predicting th 
durability of part icleboard in app] icatiqns where th 
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structures come in contact 
with water occasionally or

regularly. If the structure does not have the chances to come

in contact with water, determination ot this property is not
 
necessary.
 

For measuring this property, take test specimens ofsize 150 x 150 mm. Drill a hole ofl 3 mm diameter near one 
corner of each 
specimen and condition them at 651 ± 51 RH at
23 + 2 0C. Then weigh each specimen to an accuracy of 0.01 gram
and stack them horizontally one upon the other in a 
tank of
 
size 200 x 200 x 300 mm. 

In between the specimes; place crossers of size 12 
x 12 x 180 mm at about 50 mm trom the left and right edges.

The crossers are arranged one upon the other. Then fill the
 
tank with tap cater and maintain the water level at least 25
 
mm 
above the surface of uppermost specimen by regulating the
 
water flow into and out of the tank. Placu some w.eight on the 
top specimen for keeping the 
stack soubme rged in water (Fig. 
8). 

Take out all the specimens 1 xi water after two 
hours and hang them vertically in the opn air tor about 10
minutes to get rid of superfluous :.'ator (Fig. 9) . Place in
between the test specimen:; about 25 mm long spacers made from 
pieces of p la;tiLe pipe. [len weigh each specimen on the
balance used before and t he watercalculate absorption of each 
specimen as under. Afiter weighi ng subi'lirge the specimincus again
in water for further 22 hours.
 

.;A(S) .- (W2 )00 U1
 

Where W2 weight speci menw o1 M1 after water 
absorpt ion
 

W1 = weight of peeocmen S1 before water 
absorpt icn.
 

W;A- 1 I% - water Us:uc21t1iii of test specimen S1 
as p rctr i Ut1. 

Similarly determine and cal culate the water
absorption of othmi snpvculmnm, compute mean value and record 
it as the water absorption of a panel. 
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WTA sI- W,,As +.. WAsn 
Water absorption of a panel= ____--___(2_._.____ 

n 

Where WA(s,) = water absorption of .1pecimen S1 

WA(S2) = water absorption of specimen S2 

WA(sI water absorption of specimen Sn 

nf total number of specimens 

Similarly determine the water ,thsorption 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 panel caused by
 
water absorption.
 

Take 150 x 150 mm test specimens for measuring this 
property. Either now test specimens or tnose used for water 
absorption measurements can Y -- used. 1n any case, with a
copying pencil mark points A, B, C and I) on the surface of
each specimen (Fig 11) and condition them it 65 ± 5 RI! at 23 
+ 20 C. 

Then take th]ickness meaisApit-.:..Im:; ot A, B, C Mid D to 
an accuracy of: 0.o] mm w,.ith micrnomt-r or1::.' otler tihickness 
measuring gauge. Thou soa: thes, :ci in- Jn wt er (Fig. c)
Take the spnc~ilmons out of water a I ter K' hon , hing them 
vertically in the open air fur t(-n mirit, (Fig. 9) and 
measure the thicktnes s again at po int, A,I ,C ind 1) with the
help of gauge used beture. tIe. :,-pecimcns againt;u.ichg in 
water for further 22 hours. Calculate the thickness svel1ing
after 2 and 24 hours separately as undur: 

A100T I 	 (A - A) / 

TS B % = 100 (13' - B) / 13 

TS c % 100 (C' - C) / C 

TS0 % 100 (D' - D) / D 

TS A +TS(sI)	 TSU + TS C + TSD 

4 
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C 

A 

Fig. 10 	 Particlbo-urd ft ,st ; eiciwnn a a H:,.1 with l ngth 
meo4juril;pa !,t- irtl CM) hefore and(Lipon' I 
after wter soakin ,. 

C 	 D 

Fig. 11 	 Parti cl abourd tot, 1p c nPrl i lark withe( 
poi nts (A, 13, C, 1)) Cor thicck III.meaSur
cment,; before and aft',r witer ;oakn. 
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5.1.5 

Where TSA, TS, TS C and TS, are thickness swelling
values at points A, B, C and D separately on specimen SI. after 
two hours water soaking. 

A',B',C',D' 	 thickness of rpecimen S1 at points 
A,B,C and D a fter two hours water 
soaking. 

A, B, C, D 	 thickness ol specimen SI at points 
A, B, C and D Mo are wator soaking. 

TS(Sl)O -	 'Thickne;s svelliinj of specimel S1 

Similarly calculate 	 thickness swe] ling of other
specimens, compute tn'q mean value as undr anl reccord it as
the thickness swelling of a panel after two hours water 
soaking.
 

Thickness Vel]ing T10) ; T . -. ... S n)of a panel 

n 

Where TS thickness swell ing of specimen Si 

TS(s 2, = thickness sw.,I I ing of specimen S2 

'PSs, = Thickne.ss sweli Igc of s-pecimen Sn 

n I- total numlibe sc iI scimns 

Similarly after 24 hour; 'ator absorption, determine 
the thickness swelling at each point on other specimens and 
compute mean value and record it .p arot-(ly as tlickness 
swelling of a panel after 24th ahour; water soaking.
Proforma P-l is ied to record data on t is experiment. 

Linear expiAnsiun of p.rtiulubeodrd panel in humid 
a tmospliaru. 

Particleboard has the tendency to increase in 
dimensions when e>:posed to humid atmcsph, re for considerable 
time. This dimom;;iona: increa;ase may damayu the structure orthe fixture if it exceeds the mini mum accep table limits stated
in the standard. un(c, Jloration on iW:(,ase in dimensions 
of a particleboard ; nel under Immid pxposures is necessary to 
predict the durabi ity of the structure.
 

('or :O,:;ur ilrn this proplc t t 
 00 II t est 
specimens. Condition them at 30 .- 2 iIl at 23 + 2"C for at
least one week.....k Lines AB and CD oim the surfaces of
specimens (Fig. 10) and measure their lenq)ths to the accuracy 
of 0.01 mm. 
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Then condition t ' specimens at 90 + 5% RH at 23 + 
20 C for at least one week. Then measure tile length AB and CD 
on each specimen again and calculate linear expansion for 
specimen S1 as under: 

LE(AB) 100 (AB'-
A1B 

ABI) 

LE(CD) = 00_(CD'-

CD 
CD 

LE(51) LE(AB) + LE(CD) 

2 

Where LEB = % increase in length of line AB 

LE(CD) % = % increase in length of line CD 

LE(s) % = Average % increase 
specimen S1. 

in length of 

AB' and CD' = length of 
exposing 
90% Ri 

lines AB 
the test 

and CD after 
specimen to 

AB and CD = length of lines 
exposing the test 
or after exposing 

AB and CD before 
specimen to 90% Ri 
it to 30% RH. 

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

LE% 
LE(s) 
__ _ 

+ LE( 
_ _ 

2) 
_ 

..... 
_ _ _ 

LE'C(11) 

n 

Where LE = linear expansion of a panel 

LE(s) = linear expansion of specimen S1 

LE(s2) linear expansion of specimen S2 

LE(Sn = linear expansion of specimen Sn 

n = Total number of specimens 

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

For determining this property take 300 x 300 testmm
specimens. Mark points A, B, C and D on each test. specimen and
condition them at + RH 23 _t at30 5% at 2)C for least
week. Then measure thickness 	

one 
at point, A,3, C 	 and D and

condition them at 	 90 ± 5% RHl at 23 + 2V for at least one
week. Then take thickness measurements at points A, B, C, D
again and calculate thickness s.elling o specimen Sl as 
under;
 

TS(A)% 100 (KA.-A).
 
A
 

TS(B)% = 100 (B'- B)_
 
B
 

TS(C)% = i00 	 (C'- C 
C 

TS(D)% = I (D'- D)

D
 

TS(A) % + TS¢8 ) % + TS(c ) % + TS¢0 ) %TS (Si) % A B C 0 

4 

Where A',B',C'and D' = Thickness of test specimen S1 
at points A,B, C and D after 
exposing it to humid
 
atmos)he re. 

A, B, C and D = 	 Thickness Wt test specimen Si 
at points A, 13, C and D after 
expo'non it: to R'11ior before 
exposing it to 901 Eli. 

TS(A) % TS(G)I, ISM ) !, and TS ,) are the values of 
% increase in zhickness at points, A, o, C and D. TS" is
the average thickness swelling of specimen l. 

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

Thickness swelling , +()+ . 
of a pane], 

n 
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Where 	TS(,,) = thickness swelling of specimen Si
 

TS(S2) = thickness swelling of specimen S2
 

TS(Sn) = thickness swelling of specimen Sn 

n = Total number of specimens 

Proforma P-13 is used to Yecord 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 75 x 350 mm test 
specimens and mark them as S1, S2 ..... Sn. The length of the 
load span is about 24 times the thickness of the panel. The 
test assembly for this test consists of a sturdy base fitted 
with two supports, a loading head and provis ion for the fixing 
of a dial indicator for measuring the dot luction (Fig. 12). 
For measuring MOI% the specimen is p1laced on the .;upports and 
the load is applied in the middle of the specimen by loading 
head at an even rate.
 

In general the rate of 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 fractures. 'Tlhe load at this point 
is called failing !oad and is recorded to an accuracy of 0.5 
Kg. MOR for the test specimen is calculated as under: 

1 0
1R(Si) 3 PL/2 bd2 OR 1.15 PL/bd2 

Where MOR = Modulus of rupture
 

P = 	 Ultimate failing load 

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

b = 	 width of the test sptcimen 

d = 	 mean thickness of: the test specimen
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If P is measured in kilograms and the dimensions L,
b and d in centimeters, DOR is calculated in Kg/cm2 . 

For predicting causes variation failingthe of' in load,
the density of each specimen is computed by using the
dimensions of the test specimens moasured 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(sl) N1OR (2)+ . .... MOR (sn) 
MOR of a panel = 

n
 

Where MOR(sl) MOR of specimen SI
 

MOR(S 2) = MOR of specimen S2 

MOR(sn) MOR of specimen Sn
 

n = total number of specimens
 

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

5.2.2 Modulus of Elasticity (1OE)
 

This property indicates the L;t iilfless of the
material and is useful in calcul,-ting the deflection of the
product under stress . For neasurlng this property testassembly is the same as that Lor NOR testing 	 (Fig. 12). The 
only difference is that the deflection of the specimen is also
measured wh ile tilig in,1 ior thedetermininj 	 d measuring.
deflection of the specimen, a dial indicaxitor i,; fixed to the
base of the testing tool (Fig. 1!). 

The load deflection curve !s (I'a.n between the load
and the deflection of test . ic; the loadthe .n, 	 curve,
at proportional lIiit is mea.uLiud (Fig. 14). Modulus 	of elast
icity or the stiffness of each specimen is measured as under:
 

L3 /E = Pi 4b (3 yl 

Where E Modulus of elasticity 

P = load at proportional limit 

L = 	 Length of span (distance between 
the centres of supports) 
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2 I I1 

i i I..i
 

Fig. 12 Test an;mbiy Coar ,odiur s of kRipture(MOR) 
test (1&2 mac hinus ujiorts 3. support base 
&5. bearinj blocks 6. loadinr blocks 

7. test specimen).
 

2 1 

Fig. 13 Testaassenbly for Mlodul u; of? ,lEaticity

(MOI: ) test IV,. niucihi 1w iu t,,5,
3. s iort lu se 40.. hnri.L, Ii locko 

6, lan dingL hlocks 7. tost s ,cimlen 
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60 

500 

50 

S30 

20 	 ... 

Li__ 

0 	 0,5 1.0 1.5 2.0 2.5 
Deflection (cm,' 

Fig. 14 	 Determination of lojI nLt ,ropopto ioa, limit 
from ni load dur1ilcti n curvo. 

F 1 = 	load at nrroortion±] limi (kg). 

YV = 	 center eCflection at Jproplortional. 
limiLt ]od (]oq. 
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b = Width of the specimen 

d = Thickness of specimen 

yl = defleation at proportional limit load. 

If P1 is measured in kilog rams, L,b, d and yl in 
centimeters, E is calculated in k:ql'cm? 

SimilarLy zcterm inu the EO of other specimens and 
compute the mean value a:s under and report it. as the MOE of a 
panel. 

MOI:(- f~l t:' MO (.I ) 
- IMOE of 	a panel 

Where MOE1 sl) = MOE of specimen Sl 

MOE"s2) = MOE of specimen S2 

MOWsSMrOE of speci men Sn 

n TTotal number of specimens 

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

5.2.3 	 Internal Bond Strength OR Tuns:.ilu :;trength 
Perpendicular to the surface 

The measure of this prope rty indicates that how well 
the particles in a panel are bonded together. For measuring
this property, take test specimens of size 50 >: 50 mm and mark 
them as Sl, S2, .. Sn. Glue the test spec' men on the wooden 
blocks and all'.w them to cure for one we. 

''ihtn ul a part t:ht, hI o: ; I'. i,/ aing the testing 
assembly cn I:: hqj ol t.. pti I ign i',: aIL i a lur-' measuring
recordur. 10.l n ' ) 12 tight:lyisholi 	 / tl:U ja,. fitted in 
the base ot tt te:ting a..vhin,. 'inn upper jig Fitted in the 
movable head holds the wooden black:; tightIv while it moves up 
to pull apart th, test specimen. The pulling force is applied 
at a uniform rate in a dir,,':t: Ln at right ,ngles to the faces 
of the bluu .(-'i . 15) . axi':umm fail ing load at which the 
specimen _I -k . apart i:; reyordcd and the internal bond 
strength is calculated a:; below: 
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14
 

Fig. 15 	 Test assemblv fo i- mv uri ' . Lh In ernal 13o d
Strencth(IBS ) 1&2 Te.,,t slpeci:, holding,]jigs.
3 . Tlock: ; t'or borid:i n • t .d; p, ;: j . / . Test specim en . 
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IB(s) P / A2 

Where IB(5s) = 	 Internal bond strength
 
of specimen S1
 

P failing loid 

A2 area oit test specimen 

If P is measured in 	kilogram,, and A in centimeters 
2IB is calculated in kg/cm . The other unit. are lbs/inch sq. 

or pascals. 

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

Internal Bond strength 1B . . .B 
of a panel
 

n 

Where IB(Si) -	 Internal bond strength of specimen S1 

IB(s2 ) - Internal bond strength of specimen S2 

IB(sn1) = Internal bend str.ength of specimen Sn 

n 'Total1 number 1 specimens 

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

5.2.4 Nai Wi thdrawa] Resi stance 

This property is al-so ca]l!d:d nail holding capacity. 
It is the sure ,1 rem stance oIfea2e d by the gripping force 
of particlulaod ii Iinst theL (1,SLcOippt i .( to detach a nailed 
piece of partici &Loard in a fiXtule. 

For measuring this" property take 75 x 150 mm test 
specimens and mairk them as; S1 , $2...... . Drive a nail of 
diameter 2.8 mmi into the test in a directionispecimens at 
right angles to the face. About 12 mm of the s hank portion is 
projected above the surface oI the material . For measuring
nail withdraval resistance, pull out the na il by applying
force at right angles to the surface o1 the test specimen 
(Fig. 16). Maximum load reCluired to pull out the nail is 
recorded to the accuracy of one kg. Similarly determine 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:
 

Nail Withdrawal NMR(SI) + IR(S2)+. NR(Sn) 
Resistance of a 
panel n 

Where NWR(Si) = nail withdra.'a rs i stance of specimen Sl 

NWR(S?) nail wi thdrawa I rye:; i:tance of specimen S2 

NWR(s = nail withdrawal resistance of specimen Sn 

n r otTotal number specimelns 

Proforma P-l7 is used to record daita 01 this experiment. 

5.2.5 Scre.' V1Lthdra.,al Pe!-;.istance 

Screw withdrawal resistance is measured in the form 
of force reqjired to pull out scrCt.' from the surface or edge 
of particleboards. 

The m0asu ie of. this property;, indicates the 
resistance o fI(-,ied by the sc w r i pp i ng force of 
particlebo,'i a a i n:;'t the 1orce .111 i,-'I to dutach it. The 
resistance co fc.ei,. by ,;uiI ic 1,,:;: lythe ir i i{ jcneral 
greater tli,.n th!;e of- edge icier. i ; d ;I Courunle bepart '11 culd 
due to variatoion ifnthe scrow gr il~)1)nj1 foice inI lu(-nced by a 
large number of falctor.s such a:.; couliI)lCt!.l1i 1 particles, glue 
quantity and non-unil.oriity in oricatl ,ionetc. To study this 
variation, edge screc withdraa and taco screw withdrawal 
resistances are meau<rec, separate Iy.
 

5.2.5.1 Face so; Pithdraiw'ii. ,,:;jstitiice. 

For meaSuring this property, take test specimens of 
size 75 x 150 x 2i mm and mark them as !i;, S2... Sn. If tile 
thickness of the specimen is les;er thii, : , mm, increase its 
thickness by gluing t.: or ore thian '01eciimens together.two 
Allow the glued :11 Iin< to cure lr it 4,:;t" hours before 
test. Cond i.tion ap.c ,l" !-I ith,. t t 20C. 

In the, t or tb i.:co pJ. it j,. mo. (spec.men 
made by bonding t oiro or, thatli V-, pw ;in:; toj'.thcr) drill 
a hole by uui;mintn n . ii.ii i d i 1 hi . Tlien cirive 2 , mm 
wooden scre..' fN'o. D t) into this-, h al i nl ;I ,dirc-tion at right 
angles to tle Offi the s-pc so,., 'oi- iaFurci it 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. 

Face screw withdra- FSwR(C1 ) + FSWR + .... ASW(s)
wal ressistance of 
a panel n 

FSWR(Si) Face screw withdrawal resistance 
of specimen Si 

FSWR(s 2) 	 Face screw withdrawal resistance 
of specimen S2 

FSWR~ ,) 	 Face screw withdrawal resistance 
of specimen Sn 

n = Total number of specimens 

Proforma P-18 usedis to 	 record data of this 
experiment.
 

5.2.5.2 Edge screw holding re:sistance. 

For measuring this property taLe specimens of size
75 x 150 x ,40 mm. If the thicLn,:':; i:; le'.sser than 40 mm,

increase 
it by gluing 	 two or more than two specimens together.
In case of 12 mm thick boards, bond threre specimens together
and in case of 6 mm thick boards, bond 	 ::i:.: .;poc imens together.
Cure the booded specimens for at loa:t 	 A week and condition 
them at 65 ± 	 5 II at 23 i2oc ior auiotLi(r c-ne :eek. 

Thlen dr -', [ 1 l :sc!,.,." . 1'), i . the hole. Formeasuri ng . ; .' It i , l rr ::;t in . I t!o rscre'.. by using
test asem:;bly qhS n i '1 screwiIg. 7. : withdrawal
resistance is mpasui ed in kilograms or pounds. Edge screw
withdrawal resistance is measured on both edges and the 
average of the two is taken as the screw withdrawal resistance 
of the specimen. 
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Similarly measure the screw withdrawal resistance of 
the other specimens and compute the mean value as under and 
record it as the edge screw withdrawal resistance of a panel. 

Edge screw withdrawal ESWs) 4- ESW( ) .... ESW) 
resistance of a panel . 

n 

Where LSWI = Edge scre: withdrawal resistance of 
spec imen Si 

ESW(s 2) Edge screw withdrawal resistance of 
specimen $2 

ESW(sf) = Edge scre: withdrawal resistance of 
specimen Sn. 

n = Total number of specimens 

Proforma P-19 is used to record the data of this 
experiment. 
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6.1.2 	 NPA 1-75 "Particleboard for Mobile Home Decking".
 

This standa rd devu Ioped by the National 
Particleboard As:,ciatioi,, dsciril e thJL properties of 
particleboard tor partiula r end uses mobile homel ik}e 

decking.
 

6.1.3 	 HPA 2-72 "Standa rd fuor P'artic"Inard Decking for
 
Factory BuiltIHousinq. '
 

This specification .:is doveloped by the National 
Particleboard Assc'c i at i on for ,:oal i nq pa it in eboard for use in 
factory built-in-ho:,o. 

6.1.4 	 Minimum Property Standardn: 19V3
 

This standa rd was developed undor the auspices of 
Department of Hlosi]nj and Urban D.,evelopmen t and the lederal 
Housing Administtration (FIA) to doteormine the eligibility of
 
a property as securit y Ior an i n: i r lo.,in undcer the FHlA 
Program.
 

6.1.5 	 The Use of Materials 3ulletin No. UM-32 "Mat Formed 
Particleboard fcr E>:terior Use". 

This bul letin was establ ished by the West coast
 
Particleboard Association and sulQ ieiited later the
by 
National Partic leoa rd Association. 

6.1.6 	 IL-B-soI A: i 9 ! "II .h.I ItI : ,',i i on on 
Buildin,I H0o 1d (1oo, I' j 't ,Ii 11 id-P re;:;ed,),i-,) 
Vegetabl iL er'". 

It is a lcto rl PeCii catiUi and is used by the 
General Services Administrat ion o the United States 
Government lorfin to preririqn" mat-i" i a Is. it descr ibes 
particularly the packag ings for shipment and procedures for 
inspection.
 

6.1.7 	 *K:/o->1-'1'c 

This specification was developed by the Department

2f Defence. It in designated a-; guide specification for 
Military Family Hlousiin. 

6.2 Canadian Standards
 

6.2.2 	 CSA Standard 0188 : 1975
 

This standard is a revised versio:n ot CSA 0188 
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 ensure that the specified 
level of quality is maintained. 

6.3.2 	 British Standard 1811 : 1961 " Methods of Test for 
Wood Cliipboards and other part iciebaords." 

This standard specifies methods of test for boards 
consisting mainly of particles -Df wood or other ligno
cellulosic materials bonded wth synthetic binder or other 
organic binder. This standard is the ievied version of BS. 
1811 : 52 and includes changes in thu c:t ods of test. This 
standard does not cent ion i iinimum acceptable values of 
different properties. 

6.3.3 	 British Standard 13S 5669 : 1988 

This standard supersedes 13S 5669 : 1979 which 
covered only four board types. This revision includes the 
following 	parts issued separately:
 

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 
pa rt i c eoa rd. 

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

6.4 Pakistani Standards 

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

This standard was developed by the Pakistan 
Standards Institution for assisting the manufacturers to make 
available a standard quality board to the consumers with its 
best possible end use properties. Thi; standard does nct 
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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 : 196? "Pakistain Standard Specification for 
Particleboard (Medium Density). 

This Pakistani Standard descri Ies the methods of 
test and the minimum requirements o d terent properties of 
particleboard for use in furniture and construction (Appendix 
10). 
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PROFORMAS
 

(These 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-I Determination of moisture content of wood 

Test We iht cms) Moisture content 
specimen Before After (MC %)

No. drying drying
 

W2W (U1 - W2 )xl00 / 12 

Total 

Mean (*) 

Standard 
deviation (**)
 

Co-efficient of variation (***)
 

(*) Total/number of samples 

(**) can be calculated with scientific calculator 

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

Test Wt. before drying Wt. after drying Moisture 
spec- container container content 
imen + + 
No. conta- particles particles particles particles 

iner 
(rms) (gins) (gins) (gms) (gs) ( % 

a b b - a c c - a (W 1-W2) 100 

Wi W2 W2 

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 
specimen 

No 

Length 
(cm) 

Width 
(cm) 

Thickness 
(cm) 

Volume 
(cm3) 

Weight 
(gm;) 

Density) 
(gm/cm ) 

M C 
% 

(L) (w) (T) (V:LxWxT) KM (M/V) 

Total
 

Iean 

Standard deviation
 

Co-efficient of variation 
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Proforma P-4 Determination of density o1 
displacement techniquo (Method-i) 

wood by water 

Test 
specimen 
No. 

Weight 

In air 
(gin) 

of specimen 

In water 
(gin) 

Volume of 
specimen 

(cm) 

l)en 'ity of 
specimen 

(g/cm3 ) 

W1 W1 - W2 W1 / (W1,I - W1) 

Total 

Mean 

Standard deviation 

Co-efficient of variation
 

56
 



Proforma P-5 Determination of density of wood by water 
displacement techniqlue (Method IT) 

Test Weight of 1eight of Volume of Density of 
specimen container container spec i 11unn specimen 
No. + water + specimen 

-i water 
(gin) (gin) (cill) (g/cm3 ) 

W2 - W1 1 / ("W2 - 1 ) 

Total
 

Mean 

Standard deviation 

Co-efficient of variation
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Proforma P-G. Determination of solid cntCent of adhesive 

test 
spec-

iWen 
No. 

Weightbef ro__dry i nr_ 
container Conta in r Adhi\v, 

.1 
adhys,A 

a b ( - a) 

, ih 
Cuntain-

4 
adhuo:; i , 

(q 

t, _drKyi i 
Adhesive 

(d - a) 

Solid content 

of adhesive 

l N, (W1 - N,) 100/W1 

Total 

Mean 

Standard deviation 

Co-efficient of variation 

58 



P-7 Solid content of wax emulsion
 

Test Weight before dry1nly . nijht a fter drying Solid
 
speci-
 "ontent
 
men container container container of 
No. + Wa1x Wax Wax

Wax emulsion Wax. emulsion emulsionemulsion emulsion 
(gms) (gins) (gins) (gins) (gims) ( % 

a b (b - a) C (c - a)
N2 ) OO/ 1 WW ( W -Iq2) 10011q1I 

Total
 

Mean 

Standard deviation 

Co-efficient of variation 
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Proforma P-8 Determination of moisture content of particleboard 

Test 
Specimen 
No. 

Weight of test 

before drying 

(gms) 

sf3jC imlen -

atter drying 

(gins) 

WeiWght of 
,no !nture 

1 - W2
(gins) 

I 

Moisture 
content 

- W2 ) 100 /
(%) 

W 

Total
 

Mean
 

Standard deviation 

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

Test
 
Specimen Weight Length Width Thickness Volume Density
No. (M) (L) (W) (T) (V) =LxWxT M/V 

c'm cm cm cm cm3 g/cm3 

Total
 

I-lean 

Standard deviation 

Co-efficient of variation
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P-1O Determination of water absorption by a particleboard panel 

Test 
Speci- Weight of stpecimen Weight Water absorption 
men ot water as percent of WI 
No. after water before .ccr 

absorptiol, absorption 
WI 
(gins) 

2 

g 
W 1(W00 / w, 

0isg) / 

Tota 1 

Mean
 

Standard deviation 

Co-efficient of variation 
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Proforma P-II Thickness swol I ing of particleboard caused by water 
soaking 

Test Points of _Ph i ek ns;me_ ut. mnt!s(i Tb ic n;I _we Ij_I 

specimen 
No. 

measure-
ments 

Before 
water 

alter 
2 hours 

after 
hours 

24 after 
2 hours 

after 24 
hours 

soak i ng water w.ater water water 

a 
soaking 

b 
soaking 

c 
soaking 

lb-a) .00Ccal) 
soaking 
- 100 

a a 

Total
 

Mean
 

Standard deviation
 

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

Test lines of length m esLUrenntt[(yn/__ Increase Linear 
speci 
men 

measure-
ments aft-er condi- after condi-

in length expan
sion 

No. tioninj at tioning at (LE) 
30% R1 9 \Rh 

a b b-a (b -a)00 /a
(mm) (amm) (mm) (%) 

Total
 

Mean 

Standard deviation
 

Co-efficient of variation
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Proforma P-13 Thickness swelling of particleboard panel in humid 
atmosphere 

Test 
speci-
men 
No. 

Points 
of meas-
urements 

Th icknoMe meaIu rem .mnt!; (mjIII) 

after cond- after cond-
itioninj at ition jog at 
30o RHI 90% R1 

a b 
(mm) (am) 

Increase 
in thick-
ness 

b - a 
(mm) 

(b 

Thickness 
swelling 

(TS) 

- a)lO0 / 
(%) 

a 

Total
 

Mean 

Standard deviation
 

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

Test
 
Specimen Width Thickness Failing 1.5 PL1. MOR 
No. load 

b d P 1.5PL / bd2 

(cm) (cm) (kg) (kg/cm2 ) 

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 im i t P1 L3/4 bd 3yl

(Pl) kg (yl) cm (kg/cm2 ) 

Total 

Mean 

Take 

Take 

P, and yl trom the graph 

L b d from MOR proforma 

Standard deviation 

Co-efficient of variation 
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Proforma P-16. Internal Bond Strenqth (HBS) OR Tensile strength 
perpendicular to the surface. 

Test specimen 
No. 

Measurementsofs.pecim_ n 
Length Width Ava 

1 b A, 

'aI ing 
I oil 

I 

IB Strength 

p/A' 

(cm) (cm) (c m2) ( kg ) kg/cm2 

Total
 

Mean
 

Standard Duviation
 

Co-efficient of variation
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Proforma P-17 Nail withdrawal resistance (1W1) ot particleboard. 

Test specimen NWR Test specim.cn NWR 
No. (kg) No. (kg) 

Total 

Mean 

Standard deviation 

Co-efficient of variation 
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Proforma P-18 
 Face scre 'a i,' "Ja]I ,;taiicithdr c t;i (FAIR) of 
part i cleboa rd 

Test specimen FSWR T'c-t spec-iuvn FSWR 
No. (kg) No. (kg) 

Totct] 
TO tIn 

Stand ird deviation 

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

Test 
No. 

specimen ESt'.T 
(kg) 

Test 
11o. 

Specimen ESWR 
(kg) 

Total 

Mean 

Stindard deviation 

Co-efficient of variation
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APPENDICES
 

(Appendices 1 - 8 describe the quantity of board
 
components in commercial size boards of size
 
4 x 8 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 (76), wax (1%) in a particleboard 
inels (size 2.438 x 1.219 x 0.013 motor;) of dun.ity ,400 to 1000 ky/m3 

iARD 
:NSITY 
:SIRED 

BOARD 
MASS 

MO iUi. 
IN 13A1<1)BOAA,8'I 
010: Oi 

OAj, i) 

OVEN Mi,', 
AIC1E:S 
WA13Ii>; 178-: 

t ,A;. 

OVE! i pI-:7 
PAICLE'I'.S 

OVEN DP.'. 
ADIESIVE 

(0 7 ) 

OVEII DRY 
WAX 

(0 11) 

kg/m j) (kg) (k, 1) (0g) (An (kg) (kg) 

(D) M-DXV no-N>: J. PPAWH-1- P PAl':U A=0. 07x>' E-0.0lxP 
100/08 

400 
420 
410 

460 
480 

500 
520 
540 
560 
580 
600 
(.2U 

r4. 

15. 45.1 
16.227 
16.999 
17.772 
18.545 
19.317 
20.090 
20.863 
21.636 
22. 408 
23.181 
23. -

2..726 

[.540 
J.U23 
1.700 
1 .777 
1.854 
1.932 
2.009 
2.)86 
2.364 
2.241 
2.213 

.395 

2.47 

]3.909 
14.604 
15.299 
10.9us 
16.,90 
17.3d 
18.0 1(16.742 
18.3 /7 
10 472 
20 167 
20 S3 
Al . A'. 

12.V,' 
13.KP2 
14.1v6 
I,.2lu 
15.,, 
10,.(0N 

17.3Ku 
18.01 
18.6=4 
19.317 

',-I 
2U.,16 

0.901 
0.9,47 
0.992 
1.037 
1.082 
1.127 
1.172 
1.217 
1.262 
1.307 
1.352 
1.397 
1.442 

0.129 
0.135 
0.142 
0.143 
0.155 
0.161 
0.167 
0.174 
0.180 
0.187 
0.193 
0.200 
0.206 

, U 
&s0 
700 
720 

2.. ? 
"21. .. 
27.1; 

2.. 
2.62!7 
2.704 
2.782 

' 

. 

2, 
.40 

K3 

2. ;0
21 , 
22.5 0 
:2. 1:2;I 

1.4,87 
1.533 
1. 78 
3.623 

0.212 
0.219 
0.225 
0.232 

740 
760 
780 
200 

") - -2
29.3uo 
30.135 
3u.YM.,, 

2.936 
3.0]4 
3.091 

2 .7319
26..6 
27 122 

7 17 

j,'2n
2 4 ,9 
2b.11 
2K./7 

.668
1.713 
:.758 
1.803 

0.238 
0.245 
0.251 
0.258 

8. 
860 
8b20 
900 
920 
940 
960 
980 

1000 

•1K')
12..;-
71j.2nG 
3j.9 , 
34.771 
35.54. 
36.3]7 
37.U90 
37.862 
383.635 

W 64 
3.24, 
3. 23 
3.,Ou 
3.477 
3.554 
3.632 
3.709 
3.7S6 
3.86:3 

P02 I'.4" 
9-. 0'( 

29.' 0' 
3U.099 
3].294 
31.990 
32. 35 
33. 31 
34.076 
34.771 

27. u.4 
2/ '' 
28.332 
28.96 
29.121) 
30.20-
3(3.9u 
31.652 
32.1196 

1 64N 
1.893 
1.938 
1.983 
2.0218 
2.073 
2.118 
2.164 
2.209 
2.254 

0.26.1 
0.270 
0.277 
0.283 
0.290 
0.296 
0.303 
0.309 
0.316 
0.322 
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APPENDIX 2
 

tantity of oven dry parti e.- , adh'2;imv, (8,), w ' (1) in a particleboard 
[nels (size 2.438 x 1.219 :x:0.013 muurs) of donn:it~y 400 to 1000 k}g/m3 

)ARD BOAR) MOI.T8E "I tOY 18, )IYOVEN OVI11 OViE:i 0Vi3OEDRY 
:NSITY tA:;S ) iPAI:1CIS;S 
SIRED @10) o1r 

Il oWD- PAI,: ', 'I:; 	 ADIII1S1V: WAX 
ADl 1 (( 8v) (C' 1%) 

BOARND WA:. 
MAS 

kg/m3) (kq) (k ) (:q) (1:q) (:j) (kq) 

(D) M.I-D:.V 
 m-!:x .! PA2: M-m 	 P- PA :: A-o . 0S:-:P .>0. 0I>:P 
1.00/' 1' 3 

400 15.454 1.545 13.909 12.7"0 1.021 0.128 
4120 16.227 ].623 14.60.1 13.3%i: 1.072 0.134 
440 16.999 1.700 15.299 14.0%, 1.123 0.140 
460 17.772 	 1 .995 ,.41.77V 	 14. 
 1.174 0.147 
480 1 .-45 1.35.1 16.690 15.312 1.225 0.153 
500 19.317 1.932 17.386 158.Q,0 1.276 0.160 
520 20.090 2.009 18.0 1 16 n': 1.32" 0.166 
540 20.863 	 18.7772.086 	 172P6 1.378 0.172 
5U0 21.636 2.164 19.472 17.2.; 1.429 0.179
 
580 22.40V 2.241 2 .167 10., 1.480 0.185
 
600 23.181 2.318 20.2"! 1.531
19. 1;0 	 0.191
 
620 23.. 4 2.395 21.nU 19./, 1.582 0.198 
040 24.!2o 2 413 22 ., y r. I .633 0.204 
G O 2A. '9 2 .550 22.04; 8I ... ; 1 .684 0.211 
.,80 1>.11,1: 2.627 23.64K A I . ]KA1.735 0.217
 

.'2.704 24.340 .0
2'2 I.=78 0.223
 
'170 2.782 28.03 A.." ; ] .837 0.230
 
"40 20. 590 
 2.859 2K.711 2i.606 1.889 0.236
 
760 .9.363 2.936 26.42u 24.P.4 1.94) 0.242 
,;so 3U. 0 3.UI 2..1 2P A. ,,."1.991 0.249800 30.908 3.091 27.81/ 21.. n0 2.042 0.255 
,20 1] , I 3. ,108 2 . I 2 '. ., " 003 0.262 
v u 12. .n; W . ,. 	 2.1.','
p 0 n2 '.-	 0.263 
SA js0.p'~n . 323 8') II-' V7 14 2 . 10 0. 274 
880 13.590 3.40 30.,- 23..;0v 2..24( 0.281 
900 34.771 3.47V 31.294 28.71o 2.297 0.287 
920 35.544 3.554 31.990 29.348 2.348 0.293
94' 36.317 3.632 32.685 29.986 2.399 0.300 
960 37.090 3.709 33.381 30.624. 2.450 0.306 
930 37.862 3.786 31.076 31.262 2.501 0.313 

1000 38.635 3.863 34,771 31. 90U 2.552 0.319
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APPENDIX 3 

in a particleboardJantity of 
inels (size 

)ARD 
"NSITY 
::SIREL) 

(kg/iv ) 

(13) 

00 
420 

•160 
180 
500 
520 
540 
560 5UO' 
5U0 
6(0
62 0 

1'/ 

:'039 

0:! 

0 
{)O 

1)20 
940 
960 
980 
1000 


oven dry 
2.438 x 

BOARD 
M'! ,. 

(kc) 

.- 54 
1 6. 22"7 

.0 
17.712 
13.5.1 
19.17 
20. 090 
2.16 

.1 .636
,593 
2.4u 
231 12 3 	 " .' 4, 

... 

"' 

1.: 
3 .' 102 
3 . .(,- ; 

3.1 71 
3 5. 	 .1. 
36. 3/ 
37.090 
37. 62 
38635 

part i,-- s, ad h,-. 1'! 
1.219" 0.013 nett,;) 

MOC.1sT"':. OVDL 16)', 
ISI1 ) I A , ;112' "'!. 
@197 . r:')1V2"'.'L 
I3OAIQI) - A 

(NJ) (Nj) 

:- M.o. 1I.I=D:.;VPA;,W -1.1-m 

1 . 5.; 13.909 
1.623 

71O 
1.1 .(o04 

] .''.1.77 15.1-8 
1.85. .16.,,0 
1.9:32 17.32' 
2 00 8. 081 
2 .86 18.77' 
2 .1 .1,4 19() ...

0. 
"1-

" 
2 .2..1 20. 16,,' 
:2. 31 

-.39 9 20.863
2 1 . 25 3 

3 .... 

'' 
. / 	 4,. :u'.3 

2 2'> 

.. . (G.. 6 ,,162014 27 12 
0921 . 11723 

] 27U I -i., . 
-I3 I G 

U~~~~~~~ '9"1 

3'".. 
3 U 30. ').. 
3 .177 31.294 
3 .5,1 31.990 
3 .632 32.625 
3.709 33.381 
3 .786 34.C 6 
3.863 34.771 


(1'), wax (1%) 
of don.'ituy 

OVI:: 0:/ 
l'A ('! A:,!; 

(kg) 

I PAW:: 

10) 1 1 

12)...;4 
13 .2,6 

11 
w 

16 
17 

7, 

13 . 
1.ooc9 .	 6- 81:7 

.;I. 
'.9 

A,'1 

24.6!.6 

. :' . :v3 

-
.	 . . . 

":17 l'/. 
28 .149 
29. u82 
29.71,1 
30.3.16 
30. ; 
31.610 


400 	 to LO00 

OVEI D131Y 
ADII 1: I E 

(( 9,,) 

(kg) 

A-0. 09:.:P 

] 	.138 
. 98 
.252 

1 .309 
.3366 

1 1.422 
.7.479 

1. 	 536 
93 

1). 
1. 650 
1.7074 
1 . 76 4 

1. 	 3b 
1991 
2 . 01.8 
2.1"' 

2.219 
.276 

2.' 23G 

.9 

. '..... 


2. 501 
2 .60 
2 .617 
2. 674 
2.731 
2.788 
2.845 


kg//m3 

OVEII DRY 
WAX 

((l 1%) 

(kg) 

E-:0.0] xP 

0.126 
0.133 
0.139 
0.145 
0.152 
0.158 
0. 164 
0. 171 

177 
0.177 
0.183 
0.1900 1 9 
0. 196 

0.215 
0.221 
0. 228 
0. 23
0. 2400.2,47 
0.253 
0 .2-53 
0. 59 

.''.66 
0.272 
0.278 
0.284 
0.291 
0.297 
0.303 
0.310 
0.316
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APPENDIX 4
 

uantity of oven dry pauLticl_,i;, ztdh,:;iv,. (10'), '.. (11) in a particleboar
anels (size 2.438 x 1.219 :.0.013 i,,Lotur.;) oi dcn::ity 400 vo 1000 kg/3 

DARD BOARD 	 MOiSIlUNE OVEJ 1Y OVE'N INY OVEN DRY OVIl DRY 
ENSITY MASS 	 II PAR IiCI. IAP ;OAII) V! 	 iE ADII'S IVE WAX
ESIRED 	 @2 N0 Cl.F A!)IiI5'-.i.lu.) (F (0 1)BOAN UD ;A 

1.1AS S 
(kg/in3) (kg) (ku) kg ) (kg) (lg) (kj) 

(D) 	 In-:.Y1 l:-:o. I PA I.--,:, I ', ,-: A J . lOx ? 1 - 0.OlxP 
100/1 I i 

400 15 .4 4 i ".5 13.909 1" .30 1.253 0.125
420 16.227 1 . 3 14. (U-0 13.11"1 1.316 0. 132 
440 16.999 1.700 15. 299 ]'.,'- 1.378 0. 138460 	 17.772 1. 777 15.995 11 1.44 1 ).144

e30 18. 5s 5 1 854 ]6 .69c 113. 0 1.50, 0. 150
500 19.317 1 .932 17. 336 15.663 1..566 ( .157 
520 20.090 2.009 13.u3i 16.:-i9 1.629 (3.163
5 10 20.863 2 .06 11377 1.. 1. 692 0. 169 
560 21.63(, 216 ,1472 17. 1.75,4 0. 175 
5S0 2"2.-03 2 2 _ L. 167 18. IC, 1.817S 	 0.182 
600 23.131 2.318 20.863 18.'/5 1.880 0.188 
620 23.95.1 2.399 21 .5)8 19. 412 1.9,12 0.194<. O 24..' :.4",3 	 ).2l 	 2!:',,
, 2: 2. 0) . I.200 
!0 2 .. ' : .5"_06 :- I 2),.:,.,:, 	 2 .,.7 2.1)67G-' 0.207' (,.7 . 6 ;'61 j , 2!. I ( 0 . 2 13 

i, 27.0.;. 2.7,0.; ;*.. . ::. 1i",4-2 -- 2. 0.2!19 
2.32 .".' ' 0.226 

" o,2,. : '- 2.,59 ::', 1 :.. 1 2 0.232
730 2G.:' _ 2. ' ,
. * :- .-:,t 2 . 3 1 0.238 

3 	0 . 3" 1 2 7 . 2 , 14 430{1 . ) 1 	 'f. . 0 .2 4 .
U.i. 01) '7. 1 -(.0 . 06 0.251 

:23 1.&1 ;-:. 	 236531': 32.27 	 0.257 
)'. -.	 .. : 2.5 314.: 
 .. ;! 
 0.263 

. .". . .. .. . 2.694 0 .269
200 .3. oS .. uu 30.v') 	 27.367 2.757 0.276
900 3.: 	 T J 2"i I "I . 2 )- .19.3 2.819 0.282 
920 35.5-1.. 3.554 31.990 28.820 2.882 
 0.288
940 36.317 3.6321 

32. 63 29 .4, 2.945 0.294 
960 37.090 3.709 133.3 30.07 3 3.007 0. 301 
980 37.862 3.786 3.1 ;076 30. C09 3.070 0.307
 

1000 38.635 
 3.863 3.1.771 31.3:!C, 3.133 0.313 
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APPENDIX 5
 

uantity of oven dr'y partJpci :, (7.), (13) i.;..:adh ,IVu in a pirticleboard
anels (size 2.438 
x 1.215 : 0.u09 :clet;;) or dw!:ty to400 1000 kg/m3 

OAF 0 BOARD I-013;'UIdI DVD.8 D,. OVEll DkY OVEN DRY OVEN RY
ENSITY MASS IN i35 D PANi i C'l1':; IAR I'l"C .L'S, ADIIESIVE WAX
'SIRED @ 105 (.' JoF.fi ±ADji (0 7:) ( 1%) 

BOARD 1A-twA 
MAS 

(kg/m3 ) (kg) j )( ( 'g) (kg) (kg) (kcj) 

(D) 1=D,.:V i.-: 'A/- H-uv • PrpAW:., A:0 . 07x11 E=0.0lxP 

10U/] (93
 

100 22.587 2. 
 ,9 20. 328 18.',2 1.318 0.188
420 23.716 2.1372 21.344 19.763 1.383 0.198

440 24.845 .,15 22. 361 20.701 1.449 0.207

460 25.975 2.59/ 23.377 21.64 5 1.515 0.216

180 27.104 
 2.710 24.39.1 22.5187 1.58i 0.226 
500 2 .2"33 23:',l 25.410 23.523 1.647 0.235
5.20 29.363 2.936 26.,26 24. 9 1.713 0.245

540 30.492 0.193. 27.4-13 25.40 1.779 0.254
 
560 31.62 3. 162 2 8.,59 26. 351 1.845 0.264530 32 .751 :3 75 2 .76 2".292 1 .910 0.273 
600 33.S-20 .338 330.492 28.:33 1.976 0.282
620 35 .)09 3.501 31 .508 29 .1*/. 2.0,12 (.292
,(0 J6 1< 3 . 14 . x-'., 2. 108 0.301 

3 7 ) i3 . I 31 . 2 .1741 0.311
L,;: 337 3.8-U 31.B' 220.34.5,/ 0.320
"0h 3 3.95397',.5. 
 32. 2. 306 0.329
71) 40.,< , U , uS.5.to 33 ",;U 2.372 0.339
/0 41i.7,;, 1. 179 3/..07 34."] 2 437 0.348 

"i. "l,1 .8.( 2 3 333,. 2. 503 0.358-"17, - 4. U4 -9.,, 36. /03 2 569 0.367
 
600 45 173 
 .4 5-
 4 0.O ; 37 6.;.1 2.635 0.376 

,0 0;) , 630 -iI.( ,'2 8. 2 .701 0.386 
W.) 
 47 . . -; 4. ;. ... -:4 39. j .. 767 0.3951"7,3) 3. , 
 .U~ 4.i.. o u' 4o ., 2.8337 0.405
 

880 U6 
 .1.969 
 4-. 21 41. 10 9 2,899 0.414
 
900 50.820 5.082 15.738 12. 3"0 2.961 0.423
 
920 51.949 5.195 .16.75i .3 . 1 3.030 0.433
940 53 .7 , 442530 477] 3.09G 0.442 
960 5.1. 2wU 5.42] 48.7f3,/ 45.173 3.162 0.452
980 55.337 5.53.1 ,19.803 46 . 1, 3.228 0.461
1000 56.466 5.6,17 50.820 47.055 
 3.294 0.471
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APPENDIX 6
 

jantity of oven dry particles, adhw::;ivu (31), wa.: (1%) in a particleboard 
anels (size 2.438 x 1.219 x 0.019 uM .c) of dcnwiLy 400 to 1000 kg/m3 

-)ARD 
':NSI'T'Y 
E'SIRED 

BOARD 
MASS 

IOiST111 
IN BO\R1) 
@101" OF 

OVEN DRY 
PARICLI,:.; 
-ADHESIVI, 

OVEN DRy 
'ATI1CI.S 

OVEN DRY 
ADHESIVE 

(@ 8%) 

OVEN DRY 
WAX 
(@ 15) 

BOARD $V''AX 

MASS(kg/mn3)(] )(g( g) (kg) (kg". (kg) 

(D) 1=DxV mI,- I ] PAW - -i\! . A=0. 08xP E:0.OlxP 

100/ 10 

400 
420 
140 
460 
480 
500 
520 
5,10 

560 
580 
600 
620 
4,'jb 

22.587 
23.71C 
24.8,1 
2 5.)75 
27.104 
28.233 
29.363 
30.492 

31.621 
32.'751. 
33.320 
35.009 

: 

2 2 9 
.3 

1 
2. 57 

2. 710 
.,23 
2.936 
3. .49 
3 162 
1.275 
3.308 
3.501 
] {,t' 

20 32.8 
1"t3 

01 
23.37 
2 ' 9,4 
25. 110 
26. 426 
27 .4 3 
2.8 ,'It5) 
29. 4/6 
30.492 
31.5U8 
1 2 5;' 

1 C.9 
19 '. 
20. ,4 
21 .417 
22. '/9 
23. 3 2 
2 4.21,1 
25. 177 
26. 1o9) 
27.3.12 
27.97. 
23{.907 
'' ' ,: 

2.492 
1.567 
1.641 
1.716 
1.790 
1.865 
1.940 
2.01,4 
2.089 
2.163 
2.238 
2.313 

3113' 

0.186 
0.196 
0.205 
0.214 
0.224 
0.233 
0.242 
0.252 

0.261 
0.270 
0.280 
0.289 
0 .298 

660 
620 

37. 
3J 

3. /27 
(.:440 

33 .5,1 
3,.557 

3U.Y,"/ 
31 ./ 

2. ,62 
2 .536 

0.3d8 
0.317 

700 
00.,_ 

7.40 

"., 

1 . 

- " 

179 

35. 57.32 

37C607 
"1.5,h
3,.5J/ 

2.611 
2.686 
2.760 

0.326 
0.336 
0.345 

/60 
780 

320 
140 

,42 94 
4,4 

3.5.1 
4., 3T, 
4/VI 

.'211 

. 4 0' 

.,0.i .1 

133 2 
39.639 

0.6 G6. 
6 .. 
6-

43.1 .1 
36. 3.909 

.) 
39.> 

. 

2.835 

2 .984 
3.05,9 
'; ..3.1331; 

0.354 
0.364 
0.373 
0.382 
0.392 

>') ;,
9. 

'1, .. ,'
"2(14 ) 9•7 

., "/ ,( J. J(',
41. (2 

'.20 ' 
.282 

0.401 
0.410 

900 
920 
940 
960 
980 
1000 

50.820 
51.9,19 
53.079 
5,1. 208 
55.337 
56.466 

5.082 
5.195 
5.303 
5.121 
5.534 
5.647 

45.738 
,16.754 
47.771 
48.787 
49.303 
50.820 

,1. 961 
42 .8.94 
43.(326 
'14.")l)9 
45.( 91 
46.624 

3.357 
3.43'-
3.506 
3.581 
3.655 
3.730 

0.420 
0.429 
0.438 
0.448 
0.457 
0.466 
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APPENDIX 7
 

iant ity of oven dry particles dh 2;'.', ( Jr), ;-: (1-) ill a particleboard
inel.h (size 2.438 x 1.219 x 0.019 ,tr2) of d'i. ;ty 400 to 1000 kg/ia3 

T107S" O\.,'I- J)jj-I OVEI )RY OVEN DRY)ARD BOARD , : DI3-, OV.:71 
'NSITY MA SS IN H B,.'DPAP'I C !'! PA1T lC!l,8S ADH1ESVVE WAX_'SIR D 1 % 1 , -AI!l P "' p 9 ) (0 1 ) 

MA:;S
 
ky/m3) (kJ) ( ;) (1-g) (kg) (kg) (kg) 

(D) M:,I :I.' n=:.Ix-•. PA\;-M--- P:zIA;L.: A=0 . 09xP E'= 0 . 01>xP 

40C 22.587 2.259 20.328 18.4 1.663
0 0.185 
420 23.716 2.372 21 .34,; 19..;u. 1.746 0.194
440 24.845 2..85 22.361 20.3:28 1.830 0.203 
460 25.975 : .,;9" 2 .377 21. 2 1.913 0.213 
,180 27. 104 2.710 2 .39,4 2, ]/,6 1.996 0.222 
500 28.233 2.823 25.410 23.loo 2.079 0.231 
520 29.363 2.936 26. 426 24.024 2.162 0.240 
5.40 30.492 3.0"19 21.4.13 24.948 2.245 0.249 
560 31.621 3. 162 28.4,19 25.872 2.328 0.259 
580 32.751 3.271 29.416 26.796 2.412 0.268 
600 33.880 
 3.3c28 3u.492 27.720 2.495 0.277
 
620 35.009 
 .1 3. 508 28 64, 2.578 0.286 
640 - 31 '... 2' r', 2.661 0.296 
60 3727:I 3. 3. -;;; .744. 0.305 
6--]0 3.i4 3,.
S.;.I 7 21327 0.314 
70 ',t 3!. / .; _ 2.91] 0.323 
720 ,0(6 30. 5o JL::*,39 2.994 0.333 
74,0 1 .179 37 . C, 3'./ l1 3.077 0.342 
760 V ' .291 8'' 31 11:3 3.160 0.351 
730 u . . .103 , 3-. , 3-243 0.3601:00 4,i .,1" " 0 36..)(A) 3.326 0.370 
2>0 .' '. 37 ,"::.1 1 .,1 0 0.379(.3 11 

. .; 42 . V4.3 .;17-; 7> . (,-9 38; 3. 4493 0. 388 
C0 .3 .;1,,, ->3.70) 93 0.397 " 2.57G 

]49. . [ . .1 7.1 3.(59 5.63 0.407 
900 60.820..82 , 738 411.80 3.742 0.416 
920 51.9,19 5. 195 , 6 754 42. 04 3.825 0.425 
940 53.079 5.308 47.7"1 413.428 3.909 0.434 
960 54.208 .4 21 48.787 4, .352 3.992 0.444 
980 55.337 .9.803 2"66.63.1 45 4.075 0.453 

1000 56.,66 50.820 46.200 4. 158 0.462A.t47 
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APPENDIX 8 

iantity of oven dry particle3s, adhes iv'e (lot), w'y (1%) in a particleboar 
inels (size 2.438 x 1.219 > 0.019 mets:) of hnvity 400 to 3000 kg/m3 

)ARD BOARD 1-10 1 IkE O'/Ls8 k:! V 1UV111".1 / OVEN DRY OVEN DRY 
SlTY 

SIRED 
SASS 10 

1 
84' 
OF 

PA}T I Cl:}'; 
-"ADII E;I,.I. 

I'AP'T 1 I I :; A1)HHS I V E 
(0 101) 

WAX 
(0 1%) 

BIOAC'!)RI 

kg/m3) M) (kg) (kg) (kg) (kg) (kg) 

(D) r.- DxV m' >'x0 . I tPA W.I-m P-IPAW:: A=0. .xP E=0. 01xP 
100/111 

400 22.587 2.259 20.328 18.33' 1.831 0.183 
420 23.716 2.372 21.314 19.229 1.923 0.192 
440 24.845 2.485 22. 361 20. 145 2.014 0.201 
460 25.975 2.597 23.37' 21.060 2.106 0.211 
480 27.104 2.730 24.394 21.976 2.198 0.220 
500 28.233 2.823 25.410 22.8'2 2.289 0.229 
520 29.363 2.936 26.426 23.3u7 2.381 0.238 
540 30.492 3.049 27.443 24.723 2.472 0.247 
560 31. 621 3.162 28.459 25.639 2.564 0.256 
580 32.753 3.275 29.476 26.n55 2.655 0.266 
600 33.F80 3.388 30.492 27.470 2.747 0.275 
620 35.009 3.501 31.508 28.3n6 2.839 0.284 

660 
680 
70U 

36.-
37. 
38-
393!) 

, 

1 

3.614 
3.727 

.40 

3.94i 

,.4032. .. 
33.941 
34.-
3 .,74 

.2. 12 
3U.217 
11. 1 , 
J2.010 

2.93C 
3.022 
3.3]3 
3.2 s 

0.293 
0.302 
0.311 
0.320 

720 40.50 6 ,. 04 36.590 32.94 3.296 0.330 
740 
760 
780 
800 

41.7 
42.9 
44.4.4 
415 73 

4.179 
1.291 

.44 
.6017 

37.607 
38.0,2 
30.630 
40.C56 

33.80 
31.V/o 
3.711 
!Q' ,7 

3.388 
3.480 
3.57] 
3.663 

0.339 
0.348 
0.357 
0.366 

820 
840 
860 

46.3 
W.4 W3 
4. 50.961 

4 .03 
T4 3 
. 

41.67i 
,4.nun'. 
41.7. 

37.K43 
&. 54 
;5 .0; 

3.754 
3.846 
3.931 

0.375 
0.385 
u.394 

880 
980 

4;.C9] 
b0.820 

4. 9(, 
5.82 

44.721 
,45.V38 

4. 0, 
41.205 

4.029 
4.121 

0.403 
0.412 

920 51.949 5.195 46.754 42.121 4.212 0.421 
940 53.079 5.308 47.771 43.037 4.304 0.430 
966 54.208 5.421 48.787 43.152 4.395 0.440 
910 55.337 5.534 49.803 44.86S 4.487 0.449 
1000 56.466 5.G 7 50.820 45.784 4.578 0.458 
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APPENDIX 9
 

Standard Requirements of Cojirc ci I Standard CS 236-66 for
 
Parti c] eIoard
 

Scrvw holdingM.udutu-, 	 of M :I ; ,..t Interlnat LinearDensity(grade) Rupt;.rL tt,1 ; t, I .t 	 L,.nd epansiun face 
edje
 

i.gi ++ ,t kg/c+,2 	 kg g 

Type(use I) 	 Mat-foreyd paiticIh+',.,rd (g.ri.r,tly vwde with utec-formLdrmydt.re:in bind.rs) ouitabOt for 
interior aplliCtifi. 

A. High 	den,.ity 1L,8.71 24607 14.0 
 0.55 204.5
8uO kg/I113 and o,.cr 2 239.0 24607 9.34 0.55
 

Hi. ModIu::, detlsi ty 1 112.5 17577 4.92 0.35 102.3 72.7
5;,)• UW kq/rL3 2 I68.7 28123 4.22 
 0.30 102.3 90.9
 

C. Lc. 	 dr 1ity 56.2 10546 1.41 0.30 56.8 ;,';, cL r 2 yJ.', 1757' 2.11 0.30 19.51
 
TpJ(.-. , 2) Mat-t<~+; particLo 6ith heat
z.(caacmad., durabl., and highty .- ar,, h..,to resistant binders(ycneral ly pthenot ic I ,ior-,;) ,c ilr'U 	 1 atable t ol' r ;1d cLt ta t, (tIo' dr I C,tat ion's. 

A. High 	 ,cro+it, 1 1t. 7 o1.2 07.79 t.55 204.1,100 kg/;.3 and oc'tr 2 23'..( 35 1, 28.12 0.55 227.3 159 
S. Mdium dcn ;i ty 1 126.5 175/7 1..57 0.35 102.3 72.7590 - 10,0 kq/.3 2 175.7 31638 4.22 0.25 113.6 90.9 

t~tl.. +Ith It 1l ,.l l kr 1 '.11pl~iI l t t,-8. I l I I l tly IIIII. , 
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APPENDIX 1.0
 

Standard Requirements of Pakistan Standard PS 619: 19G7 for Medium 
Density Particleboard& 

Property Limiting Value 

British Units Metric Units 

Density 29 lbs/ft 465 kg/m 3 

Modulus of Rupture 1400 lbs/in 2 98 kg/cm2 

2Tensile Strength 40 lbs/in 2.8 kg/cm2 

perpendicular to
 
surface
 

Water Absorption 30 % 30 % 

Thickness Swelling 20 % 20 %
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