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ABSTRACT

Density, permeability, porosity, water absorption and swelling characteristics have
been assessed for chipboard made out of saw dust and an adhesive. Results indicated
that permeability increases as porosity increases and both decrease with increase in board
density. Permeability, •£ and porosity, p were found to relate to the density, p as follows:

- = Ataf>

a

and

p = £ e t p

while porosity and permeability were found to follow the relation:

d

P = C(-)

It was also found that the lower the board density, the higher its water absorption and
swelling.

Thermal conductivity, specific heat and calorific value were also assessed. Results
revealed that thermal conductivity increases nonlinearly with increasing density, while
it decreases linearly with increasing porosity. Specific heat also increases linearly with
increasing density and temperature. However, calorific value was found to be independent
of density.

Mechanical properties increase as the density increases except for the penetration
depth. It was found that the tensile strength, modulus of rupture, shear strength, hardness,
resistance to cutting and impact strength vary linearly with the density, while the degree
of elasticity has a nonlinear relation with the density. The board is generally stronger in
bending than in compression and tension in descending order of strength.

Permanent address.
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1. Introduction:

chipboard is made from sawdust which is a byproduct of saw

mills in Ghana. It is made by mixing saw dust of 8% moisture

content (wb) with 6% (solid basis) liquid phenol formaldehyde (1)

and 1% (solid basis) wax and pressed at a temperature of 170cC at

a pressure depending on the density desired. Different types of

boards with different engineering properties can be formed by

varying the type and quantity of resin and wax, the manufacturing

temperature and pressure and the particle size.

It is used extensively in Ghana in the building industry for

making the ceilings of buildings and for panneling walls of

rooms. The physical, thermal and mechanical properties of the

board are unknown. As a result, other uses have not been

exploited, when the properties are known, it may be possible to

exploit it for furniture manufacture, making cabinets and

closets, thermal insulation applications, use as a heat source,

filtering air in industries and making corks for bottles. The

- 2 -

use of particle boards in exterior applications in the U.S.A. and

Europe for example, range from marine applications to sheathing

and pallet decks (2).

The studies here are designed to evaluate the physical,

thermal and mechanical properties of chipboard. The boards used

for the studies were made out of Odum tree saw dust. Odum is a

famous timber species in Ghana.

2. Experimentals:

2.1 Conditioning of specimens:

In determining the variuos properties, the moisture content

of the chipboard samples were kept low and constant by holding

them in a chamber which was aerated at a room temperature of 28

to 30°C, which is the average temperature at the location in

Ghana where the investigations were conducted. Moreover, the

test specimens were oven dried for 10 hours at 90°C before each

test to ensure constant moisture content.

Part 1: Physical Properties

1-2.2 Density:

Since chipboard is a porous body, it is likely that its

physical, thermal and mechanical properties depend on its

density. For porous and adsorbent materials, density values are

usually reported as bulk density (3). Conditioned chipboard
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specimens were therefore weighed and their dimensions measured

to assess their volumes and to calculate their densities.

1-2.3 Permeability:

Chipboard may be approximated to consolidated porous media

which comprises a highly complex network of channels. Some of

the tiny pores in the board are interconnected (accessible to air

flow from both ends of the pores), some have dead end (connected

to the outside of the board only from one end) and some are

isolated (inaccessible to external air flow). The pores are

neither straight nor of constant diameter.

If a difference in absolute pressure is established across

a chipboard plate, a hydrodynamic flow of air through the board

will occur (4). in such a case, transition from laminar flow to

turbulent flow will be gradual allowing for the use of the

Forchheimer general flow equation (5) given below:

Pi - P; PP.vf

3L 9
Where p; = absolute upstream pressure

p2 - absolute downstream pressure

L = thickness of chipboard

Va - superficial velocity of air (based on total cross-

section)

p. = density of air

p - viscosity of air

g = dimensional constant

a = viscous resistance coefficient
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p = internal resistance coefficient

o
The term involving V. in equation (1-1) is negligible for

viscous flow and hence can be neglected. Equation (1-1) then

results in the Darcy equation of flow through porous media:

Pi - (1-2)

The quantity ' is referred to as the permeability coefficient

defined by Muskat (6) as the volume of fluid of unit viscosity

passing through a unit cross-section of a medium in unit time

under unit pressure gradient.

The apparatus in figure 1-1 was constructed for the

permeability tests. Air was blown by the fan at different

pressures, filtered and passed through the dip tube to stabilise

the pressure and keep it constant. Air from the dip tube was

dried by the silica gel and passed into the air box, through the

chipboard specimen and out of the other end of the air box. The

manometer measured the pressure difference, while the pitot

static tube measured the velocity of the air (7). The specimens

were 100 mm diameter and 5 mm thick. The copper-constantan

thermocouples measured the air temperatures. Air flow was

controlled by valves. Readings were taken under steady state

conditions to ensure uniform pressure differential. The air

temperatures facilitated the readings of the viscosities of air.

The air flow was viscous, laminar and isothermal. The chipboard

acted as an undeformable, homogeneous, porous medium with

constant moisture content during the tests. The tests were
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conducted for different chipboard densities and for five times

at each density.

1-2.4 Porosity:

The dimensions of conditioned test specimens were measured

to evaluate their uncompressed volumes. The specimens were then

compressed without changing their lateral dimensions until they

were practically incompressible. The compressed dimensions were

measured to evaluate the compressed volume. The porosity, 7 was

then evaluated using the following formula:

(V - V )100% (1-3)

Where Vu = uncompressed specimen volume

Vs = compressed specimen volume

Thus the difference in the two volumes expressed as a percentage

or fraction of the original or uncompressed volume was used as

a measure of porosity.

1-2.5 Water absorption and swelling:

Absorption is the penetration of a substance into the body

of another. The absorption capacity of a substance relates to

the amount of liquid it can absorb, while the swelling has to do

with dimensional changes due to liquid absorption.

The thickness of conditioned specimens were measured at five

different points with a mocrometer and averaged. The specimens

were weighed and immersed in water at a room temperature of 28°C

for one hour. The specimens were held horizontally in the water
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at a depth of 50 mm. The specimens were then taken out and

suspended for five minutes to drain them of excess water. They

were weighed and their thicknesses were measured at the same five

different, points. The thickness measurements were averaged. The

procedure was repeated for immersion times of 10 hours and 20

hours.

The quantity of water absorbed, Q was expressed as a

percentage or fraction of the specimen dry weight, while the

increase in thickness or swelling, S was expressed as a

percentage or fraction of the original thickness as follows:

Q = (W; - W1)100%

w,
and S = (X, - X1)1OO%

x,
Where V1 = specimen weight before immersion

W2 = specimen weight after immersion

Xx • specimen thickness before immersion

X2 = specimen thickness after immersion

( 1-4;

( 1-5)

1-3. Results and discussion:

The chipboards with high densities were found to have a

better surface finish or were smoother on the surface than those

with low densities.

From equation 1-2, it is seen that the slope of the graph

of (p1 - p2) against Va yields the viscous resistance coefficient,

a. Three such graphs for different densities are shown in figure

1-2. The figure indicates that for a given density, the pressure
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difference increases linearly with the air velocity. Also for

a given air velocity, the pressure difference increases with the

density. On the contrary, for a given pressure difference, the

air velocity increases as the density decreases.

From graphs such as those in figure 1-2, the permeability

coefficient. I
O(

were calculated and the values obtained plotted

against the porosity of the board. The resulting graph is shown

in figure 1-3. The figure indicates that the porosity increases

as the permeability increases but the relation is nonlinear. At

zero porosity, the permeability is practically zero. From the

trend of the graph, however, it seems the curve will be

assymptotic to the 100% porosity line as the permeability

increases.

Since the viscous resistance coefficient, a varies with the

density (see figure 1-2), the permeability and porosity were both

plotted against the density as shown in figure 1-4. The figure

reveals that both permeability and porosity decrease as the

density increases. The relation is nonlinear in both cases.

Shukla et al (8) also found a similar trend with rice husk

boards. The decrease is more rapid for permeability than

porosity. Both properties decrease more rapidly for densities

between 200 and 500 kg/ms compared to the rate of decrease

between 500 and 1000 kg/nv\ The results reveal that both

permeability and porosity depend on the size and number of air

pores in the board rather than the saw dust particle size. Hence

when the density is low, the accompanying large number and size

of air pores increase both the permeability and porosity. High

fabrication pressure, in the case of the high density boards,
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reduces the size and number of air pores thereby reducing the

permeability and porosity. The graphs cross each other at a

density of 287 kg/m3. From the crossing point, the gap between

the curves gets wider as the density increases. The foregoing

suggests that in applications in which air flow through the board

is undesirable, it is advisable to use high density boards, while

if air flow is desirable, as in a filtration process, lower

density boards may be more desirable.

Both the permeability and porosity yield straight line

graphs when plotted against the density on linear-log or semi-log

graph sheet as displayed in figure 1-5. This reveals that the

permeability, * and porosity, p have the following

mathematical relationship with the density, p:

and

Ae-*1

p = Be""'

a = e *>

A
( 1-6)

(1-7)

where A, B, a and b are constants which can be determined

experimentally or from the graphs or by the technique of

regression analysis.

The relation between porosity and permeability also plots

linearly on log-log sheet as shown in figure 1-6. This indicates

that the variation of porosity with permeability is characterised

by an equation of the form:

(1-8)
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where C and d are constants which can be determined

experimentally or from the graph or by regression analysis.

Graphs of water absorption capacity and increase in

thickness versus density are displayed in figures 1-7 and 1-8 for

one hour, 10 and 20 hours of immersion in water. Both the water

absorption capacity and increase in thickness decrease as the

density increases. When the density is low, the board has more

pores and the adhesive bond is less effective. Hence when it is

immersed, these pores admit and hold water as the air in them is

displaced. Alternately, the more porous the board is, the more

water it holds and the more it swells. This suggests the use of

high density boards where there is likely to be moisture. Both

the water absorption capacity and the increase in thickness also

increase with increase in immersion time. At a density of 400

kg/m3 for example, the water absorption capacity for 20 hours, 10

hours and one hour immersion are 63, 46 and 27% respectively,

while at 800 kg/m3, the corresponding values are 35, 23 and 15%

respectively.

The above results show that the physical properties

evaluated depend on the board density. Gatchell et al (9) have

revealed that the density of such particle boards are affected

by the manufacturing temperature and pressure, and the amount and

type of adhesive, resin and wax. Hence, further studies may be

conducted to find how such component variables affect these

physical properties for chipboard. If the board is waxed or

painted, the water absorption capacity and the increase in

thickness reduce as Shukla et al (8) found when they waxed rice

husk boards.
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1-4. Conclusion:

The apparatus devised has been used successfully to

determine the physical properties of chipboard. It was found

that all the physical properties are a function of the chipboard

density. The higher the board density the less permeable and

porous it is, the less water it absorbs and the lower the

swelling or increase in thickness.

Part 2: Thermal Properties

2-2.1 Thermal conductivity:

Thermal conductivity of a substance is the rate of heat flow

per unit area per unit temperature rise for a unit thickness of

the substance (10), and may be found in most treatises on heat

transfer as follows:

k = (2-1)

where k = thermal conductivity of the material

Q = rate of heat flow across the material

x = thickness of the material

A = surface area of heat flow

Ae = temperature difference between the hot and cold

material faces

In these experiments, the longitudinal and lateral dimensions of

the specimens were much larger than their thickness. The
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apparatus used for the determination of the thermal

conductivities of poor conductors (3) was adapted to determine

the thermal conductivities of the samples as follows:

1. the mercury thermometers were replaced by copper-

constantan thermocouples;

2. the apparatus was lagged with coconut fruit fibre or

coir (3) to reduce the heat loss.

Specimen diameters of 100 mm and thickness of 5 mm were used.

The thermal conductivities were determined as a function of the

bulk density following the procedure outlined by Baryeh (3).

According to Brady (11), the thermal conductivity of a porous

material may increase if water is absorbed into the spaces within

it. The conditioning of the samples, as outlined above, however,

eliminated this drawback. In the experimental procedure, the

heat loss from the apparatus considered negligible, the heat flow

was assumed to be linear due to the small specimen thickness.

2-2.2 Specific heat:

The specific heat of a substance is the heat required to

raise the temperature of unit mass of it through one degree(12).

It was determined using the method of mixtures and the apparatus

used by Shukla et al (8), replacing the glass thermometer with

a copper-constantan thermocouple.

When the specimen is heated and put into paraffin and

stirred, the equilibrium temperature is obtained. At the

equilibrium temperature, the heat released by the specimen is

equal to the heat absorbed by the lagged calorimeter and paraffin

resulting in the following equation:
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S = M ^ t e - e t ) + M;S;(9 - 9 t ) ( 2 - 2 )

where S = specific heat of chipboard

Sj - specific heat of calorimeter and stirrer

S2 = specific heat of paraffin

Mj = mass of calorimeter and stirrer

M2 i mass of paraffin

M = mass of chipboard specimen

9j = initial temperature of paraffin and calorimeter

82 - initial temperature of heated chipboard specimen

6 = equilibrium temperature of mixture

The specific heat was evaluated as a function of the board

density and also for different ambient temperatures.

2-2.3 Calorific value:

The calorific value of a substance is the heat generated by

burning unit mass of the substance. This was determined by

burning a weighed piece of conditioned chipboard in a bomb

calorimeter (13). The calorific value, C was calculated from the

relation:

mC = IV^S. + MCSC + MbSb(92 - 9,} (2-3)

where m = mass of chipboard

M,, = mass of water

Mc = mass of calorimeter

Mb = mass of bomb
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S u = specific heat of water

Sc = specific heat of calorimeter

Sh = specific heat of bomb

Si = initial temperature of bomb

6;, = final temperature of bomb.

2-3 Results and comments:

Figures 2-1 and 2-2 show the thermal conductivity variation

with density and porosity. The figures show that thermal

conductivity increases as density increases. Similar results

have been obtained by Shukla et al (8) for rice husk boards and

Baryeh (3) for plantain stem fibre, plantain fruit stalk fibre

and coconut fruit fibre. The relation found in the present

studies is, however not linear and therefore does not conform

completely with the linear relationship Shukla et al (B) found

for rice husk boards. The variation is, however very similar to

the one obtained by Baryeh (3) for the increasing portion of the

graphs for the thermal conductivities of plantain fruit stalk

fibre, plantain stem fibre and coconut fruit fibre. The figures

also indicate that thermal conductivity increases linearly as

porosity decreases. When the board is porous and has more air

in its pores thermal conductivity is lower because air has a low

thermal conductivity. According to Brady (11), the efficiencies

of fibrous insulation is partly due to their air spaces, and from

figures 2-1 and 2-2, it is obvious that Brady's statement is also

true for chipboard. Due to the generally low thermal

conductivities, chipboard can be recommended for use as a thermal

insulator to replace imported insulating materials.
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The specific heat variation with density and temperature are

displayed in figures 2-3 and 2-4. Both figures indicate that the

specific heat increases linearly as both density and temperature

increase, and are a little higher compared with some solid woods

due to the adhesive and resins used to bind their particles ( 1 4 ) .

The specific heats are in general high also because chipboard is

a poor conductor of heat. The specific heat values range from

1.5 J/g°C for a density of 400 kg/m3 and a temperature of 30°C to

3.5 J/g°C for a density of 1000 kg/m3 and a temperature of 90°C

compared to 0.4 J/g°C for copper, for example, which is a good

conductor of heat. This further suggests the suitability of

chipboard for thermal Insulation purposes.

The heat of combustion was found to be constant at 30800 +

500 kJ/kg as the density varies from 400 to 1100 kg/m3. Hence

the calorific value does not depend on the pores of air in the

board- This is because the apparatus for the determination of

the calorific value is itself filled with a copious supply of air

which is used up in the chipboard combustion process. The

calorific value could however depend on the moisture content of

the board but this was not investigated. This is thus a subject

for further investigation. The calorific value of the board is

high enough for it to be used as fuel for domestic cooking and

for some small and medium size industrial plants.

2-4. Conclusion:

The studies have revealed that the thermal conductivity and

specific heat of chipboard depend on the board density, while the

calorific value is independent of it. The thermal conductivity
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increases with increase in density or decrease in porosity, while

the specific heat increases with increase in both density and

ambient temperature.

Part 3 Mechanical Properties

3-2.2 Theoretical considerations:

The deformation of an engineering material due to applied

forces depends on the applied forces, the area, A over which the

force is applied and the length, L or height, H of the material

(see figure 3-1). The applied force, F results in normal or

direct stress, a and shear stress, x given by:

(3-1)

X =_£.

A
(3-2)

Fifure 3-l(a) illustrates normal or direct stress, while figure

3-l(b) shows shear stress.

The applied force deforms the material as shown in figure

3-1. Figures 3-l(a) and 3-l(b) illustrate direct or normal

deformation, e and shear deformation, x respectively. The

deformation combine with the length, L or height, H of the

material to give direct or normal strain, s and shear strain, <f>

as follows:

t (3-3)
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= X.

H
(3-4)

The direct or normal stress and strain result in the modulus of

elasticity, E while the shear stress and strain give the modulus

of rigidity, G as follows:

(3-5)

9*

The breaking stress in tension, a, is

a = F

A
(3-7)

where F, is the breaking force.

The degree of elasticity in compression, D.c may be defined

from force-deformation measurements as (15):

(3-8)

where Dr = distance recovered by sample after the load is

removed

Dc = distance through which the sample is compressed

The degree of elasticity in tension, Det may also be defined as

(16):

(3-9)
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where Dr is as stated above and De is the distance the sample is

extended. Shukla et al (6) have defined the compressibility and

retention of compression which qualitatively give similar

comparison because the more elastic a material is, the higher its

degree of elasticity and the lower its compressibility and

retention of compression. Hence degree of elasticity deals with

how elastic a material is, while compressibility and retention

of compression deal with how inelastic a material is.

When a beam with the dimensions shown in figure 3-2 is

simply supported and is loaded at mid-span, the modulus of

rupture or breaking bending stress, ab is given by:

My

I
(3-10)

where M = maximum bending moment on the beam

y = distance from the neutral axis to the outer fibre

I = section modulus

ab = .PL. _t_ 12t'
3 = 3PL

4- 2 b ?
(3-11)

3-2.3 Methodology:

3-2.3.1 Tension and compression tests:

Conditioned chipboard specimens measuring 2 5 mm by 5 mm in

section and 100 mm long were used for the tensile tests using the

Instron universal testing machine. The test was performed on 20

samples and the samples were tested to the fracture or breaking

point. The loading rate was 0.1 mm/s.

Compression tests were also conducted on 20 conditioned

- 18 -

samples using the Instron universal testing machine. For each

test, four specimens measuring 2 5 mm by 25 mm by 5 mm were put

together to form a composite specimen measuring 25 mm by 2 5 mm

in section and 20 mm high. The loading rate was 0.1 mm/s.

Some of the tensile test specimens were extended to 105% of

their initial length using the Instron machine in order to assess

the degree of elasticity in tension, while some compressive test

specimens were compressed to 95% of their initial height to

assess the degree of elasticity in compression.

3-2.3.2 Bending test:

For the bending tests, conditioned specimens measuring 25

mm by 5 mm in section by 150 mm long were used. They were placed

on knife edges with 25 mm overhanging at each knife edge support.

They were loaded in the middle as shown in figure 3-2 using the

Instron machine until the specimens broke. Twenty specimens were

tested for each board density considered and the loading rate

used was 0.1 mm/s.

3-2.3.3 Shear test:

The shear tests were conducted on samples measuring 25 mm

by 25 mm by 5 mm using the equipment and procedure described by

Baryeh (16) and a loading rate of 0.1 mm/s.

3-2.3.4 Hardness and resistance to cutting tests:

The hardness was evaluated as resistance to indentation in

the form of pressure for indentation and depth of indentation.

A 10 mm diameter steel rod with a hemispherical indenting end and
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a hexagonal head to fix into a hexagonal cavity in the loading

head of the Instron machine, served as the indenter (see figure

3-3). Test specimens were bonded togehter to form composite

specimens measuring 100 mm by 100 mm by 30 mm thick. The

specimens were indented using a force of 25 N and a loading rate

of 0.1 mm/s for 10 s. The depth of indentation was noted as the

hardness (16). Other tests were conducted in which the indenter

was made to penetrate 5 mm into the specimen. The maximum force

divided by the projected area caused by the hemispherical

indenting end was evaluated to be the hardness.

The resistance to cutting was evaluated as outlined by

Baryeh (16) using samples measuring 25 mm by 25 mm by 120 mm and

cutting across the 25 mm width.

3-2.3.5 Impact test:

Charpy impact tests were performed as outlined by Warnock

and Benham (17). The specimens measured 10 mm by 10 mm by 80 mm.

A Charpy testing machine type CPSA (range: 0 to 4 J) manufactured

by Amsler Otto Wolpert-Werke of Germany was used for the tests.

3-3 Results and discussion:

Stress-strain curves from the tests are shown in figures 3-

4(a) and 3-4(b) for different densities. It is clear from the

figure that the higher the density the higher the stress for a

given strain, and the higher the density the lower the strain for

a given stress. The stress-strain relation is nonlinear. Hence

it is impossible to use the graph to find the modulus of

elasticity of the board without a knowledge of the equation of
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the curve. The graphs show that the modulus of elasticity

depends on the density. Approximating the curves to straight

lines, the approximate modulus of elasticity for densities of

400, 600 and 800 kg/m3 are 26.67xlO5, 60xlO5 and BOxlO6

respectively. This variation is due to the air pores and the

resin and wax which bind the particles together. Thus, the air

pores and resin make the different density boards behave as

different materials. At the breaking point, the bond between the

board particles breaks up making the graphs in figure 3-4(a)

axhibit a remarkable drop in stress for little or no inr rease in

strain. It can be seen from the figures that the compressive

Strength is about 1.25 times the tensile strength for a given

density. Hence the board is stronger in compression than in

tension. The test specimens were considered to be at the rupture

or breaking point when cracks started appearing on them. At this

point, the resin bond between the particles gave in. This

behaviour is indicated by a sudden drop in stress for little or

no increase in strain.

Figure 3-5 shows the tensile strength variation with

density. The figure indicates that the tensile strength

increases linearly with increasing density. This trend is due

to the larger number of pores and less adhesive and wax in the

lower density boards. These pores offer absolutely no strength

to the board. Hence, as the pores decrease, the board strength

increases. According to Marra (18) and Gatchell et al (9), the

resin or edhesive in particle boards gives superior bonds between

particles at higher densities than at low densities, resulting

In improved board strength.
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The degree of elasticity is displayed as a function of

density in figure 3-6. The definition given in equations 3-8 and

3-9 are both plotted. The graphs reveal that the degree of

elasticity increases nonlinearly with density. Hence as the

board gets denser, it becomes more elastic though the degree of

elasticity is very low compared to that of metal- Shukla et al

(8) however, working with rice husk boards, found a linear

relationship for both compressibility and retention of

compression variation with density. Equation 3-8 gives higher

degree of elasticity values than equation 3-9. The gap between

the graphs for the two equations increases as the density

increases. For example, at 400, 800 and 1000 kg/m3, the

difference in the degree of elasticity for the two equations are

0.005, 0.025 and 0.055 respectively. This could be due to the

difference in the board strength in compression and tension.

This is not in agreement with the results found for cocoyam by

Baryeh (16) in which the degree of elasticity was found to be

higher in the tensile situation than in the compressive

situation.

Figure 3-7 depicts the modulus of rapture in bending as a

function of density. The modulus of rupture increases linearly

with density for the reasons given already for the tensile and

compressive strengths. Comparison of the modulus of rupture and

tensile strength results reveals that the modulus of rupture for

a given density is about twice the tensile strength. This

indicates that the board is stronger in bending than in tension.

A plot of the shear strength against density appears in

figure 3-8- Here also, shear strength increases linearly with
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density mainly for the same reasons given for tensile strength,

compressive strength and modulus of rigidity. The shear strength

values are in general lower than the tensile and compressive

strengths and the modulus of rupture in bending. This indicates

that the board is stronger in tension, compression and bending

than in shear. Hence the board may not be used in applications

in which shear is the prevailing mode of stress. The shear

strength variation with density indicates further that the

modulus of rigidity of the board varies with density.

The relationship between the hardness and density is

displayed in figure 3-9. The hardness expressed as depth of

penetration decreases linearly as the density increases. The

reason for this trend is that at high densities, the board has

less voids and therefore offers more resistance to penetration

than at low densities. This consequently results in lower depths

of penetration and vice versa. The hardness expressed as force

divided by the projected area caused by the hemispherical

indenter, however increases linearly with increasing density as

shown in figure 3-9. This is because at high densities, higher

forces are needed to make the indenter penetrate to the same

depth compared to low densities. Hence the higher the density,

the higher the required force and vice versa. This later

statement has also been made by Shukla et al (8) for rice husk

boards.

Resistance to cutting is, in a way, a measure of hardness

too because, in general, the harder a material, the longer it

takes to cut it. The variation of the resistance to cutting with

density is shown in figure 3-10. The figure depicts that the
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higher the density, the higher the time needed to cut it and vice

versa. The reasons for this trend are the same as those given

earlier for the tensile and compressive strengths trends. The

resistance to cutting is also somewhat similar to the screw and

nail pulling resistance test conducted by Shukla et al (B) on

rice husk boards in which they concluded that the higher the

density, the higher the force needed to pull out a nail or a

screw from them.

The impact strength of the board also increases linearly

with density for reasons already given above (see figure 3-1),

The impact strengths are generally low because the resin and wax

binding the particles cannot stand impact loads. Therefore

chipboard is not recommendable for impact and shock load

applications.

The mechanical properties studied are likely to vary with

the resin and wax content and the pressing pressure and

temperature used in the board manufacture as was found by

Gatchell et al (9) for particle boards made out of Douglas-fir

flakes. These aspects were not covered in this study. This is

therefore an area for further study.

3-4. Conclusion

The tests performed have revealed that all the mechanical

properties studied are linear functions of the board density

except the degree of elasticity. All the properties increase as

the density increases except the depth of penetration. For

applications in which strength is important, it is advisable to

use boards of high density. The board is not recommendable for

- 24 -

applications in which shear and impact forces are high. These

mechanical properties are likely to depend on the type and

quantity of resin and wax, moisture content of the board and

pressing pressure and temperature during manufacture. These were

not, however investigated and therefore can form a topic for

further investigation,
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