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Scanning electron microscope (SEM) and image analysis were applied to quantify the
structure of commercial cement bonded particleboard (CBPB) to obtain a more
fundamental understanding of the instability of CBPB and to provide a basis of information
for modelling the stress—strain behaviour of CBPB. Surfaces through the thickness of the
board and vertically within the board were analysed mainly with respect to the distribution,
size, shape and percent area occupied by individual components (void, cement paste and
wood chips). Results showed that the area occupied by wood chips 1) increased from the
surface to the core layer (from 34 to 49%), 2) was 5% higher for vertical surfaces than for
horizontal surfaces, 3) but was in total only about 40%; this is much lower than the volume
fraction (about 75%) of raw materials used in the manufacture of CBPB. This confirms the
mechanism/organisation of mat formation, showing the more significant effect of wood
chips on thickness than on length changes with changing moisture content and indicating
that the wood chips are compressed in CBPB. The wood chips nearly all lie flat in the
horizontal planes throughout the board thickness and were randomly distributed on the
horizontal plane. The mean angle was about 10.7° between wood chips and the horizontal
surface and about 44.7° between wood chips and the longitudinal direction within a
horizontal plane, verifying that the change in thickness should be much higher than that in
length or width, and the change in length and width should be similar. The size and shape
of the wood chips were very different among six horizontal layers and between the
horizontal and the vertical layers. © 2000 Kluwer Academic Publishers

1. Introduction ites and the expected structural properties can be ade-
The properties of CBPB are dependent on the networkjuately modelled from average flake length and width,
of wood chips, cement paste and void spaces resultingtal flake number and total layer area. The feature of
from the interaction of the raw materials and fabrica-voids in flakeboard was also found to be related to the
tion process parameters. The nature of the voids, canethod of mat formation and the direction of flake ori-
ment paste and wood chips in the mat will significantly entation [6].
affect mass transfer and result in different amount of The purpose of the current programme of research is
movement of CBPB in the different directions. to characterise the structure of commercial CBPB with
Very little work has been done on wood compos-the objective of modelling the dimensional changes us-
ites to characterise the network structure of the mating the law of mixtures. A method for observing the
Suchsland [1] was perhaps the first to investigate a regross structure of CBPB was developed using computer
lated topic, namely the horizontal density distributionimage analysis techniques to quantify the parameters
in wood composites. This investigation was continuednecessary to define the structure and this is reported on
in order to develop a model for the simulation of thein this paper. The result of this research will be used
horizontal density distribution in flake board [2] and to specifically to support information when modelling the
examine its relationship with various properties of thestress—strain behaviour of CBPB, including the devel-
product. More recently a micromechanical model haopment of internal stresses, and this will be discussed in
been tried to optimize the structural properties of het-a subsequent paper on “Modelling CBPB as a compos-
erogeneous wood composites [3-5]. It was concludedte.” However, the information provided should have
that the microstructural details can have an importanvery valuable implications for other areas of wood—
effect on the engineering properties of wood composbased composite research.
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2. Preparation of SEM samples
In the preparation of 18 mm thick CBPB samples for
SEM, two factors were considered. Firstly, the sample
should be of sufficient size and of a form to enable the
full size of particles to be included, the chip orientation
to be identified and the distribution of wood cement in-
terfaces to be viewed. Secondly, various sizes of woo
particles have to be included in one sample to ensure
that a true random distribution is represented. Conse §
quently, in order to satisfy these two constraints, a form
of CBPB specimens was chosen as the best means ( -+
investigating orientation and distribution within a bulk ==
system. Samples with a cross-section o580 mm
were cut vertically from the CBPB. The samples were
then sanded from one top surface to produce surface
at various depths across the thickness of the boards
Samples with horizontal faces were prepared with a - e s
thickness of 18, 17.' 15,13, 11 and 9 mm (Fig. 1A) amé:igure 3 Micrograph showing void space (yellow region), wood
the face_s were deSIQnated asL0,L1,12,13,14 and L chip (dark region) and cement paste (pale region) (Sample L3, field
respectively from surface to core. number 2).

To assess the distribution of wood particles and
cement paste on side faces (within the thickness of
the board), three matched samples, of dimensionand measurement. Samples of CBPB were impregnated
50 x 18 (board thickness) 10 mm, were also prepared with resin to increase sample rigidity and to fill any
(Fig. 1B) and designated as T1, T2 and T3. air pores with an electron-opaque medium so that they
could be polished. Backscattered electron images were
made at the minimum magnificatior 9) with the sam-
rEle normal to the electron beam (i.e. there is no distor-

|

3. Image processing and measurement
The schematic diagram and corresponding flowcha

(Fig. 2) describe the procedures for image processin on due to foreshortening).

A typical image is given in Fig. 3 (sample L3, field
number 2). The images were processed by smooth-
ing with a 4:2:1filter. This was done in order to

S| - 3 . 3 3 "’ remove any spurious high and low brightness pixels
=Y ! that would otherwise make image stretching inconsis-

J tent. After this the images were “stretched” so that

2 = 2 2 = @ | the lowest grey level corresponded to a pixel bright-
50 3 ness of 0 and the highest grey level corresponded to
A 255. This ensures that as far as possible all the im-

ages are rendered to a standard contrast range. These
processed images were than analyzed in terms of their
1,72, T3 surface of CBPB greyscale.

Two grey levels were used in this analysis. The lowest
grey level, g, corresponds to regions that contain only
the encapsulating resin used in the preparation of the

- thin samples; the upper grey levep, gorresponds to
thickness of CBPB the wood particles. Since the wood particles can absorb
varying amounts of the resin and the resin density and
Figure 1 Surface ‘preparation of CBPB through the thickness of thethickness can vary,cand @ each span a range of grey
board (A) and on its edge (B) (side faces). levels, Fig. 3. The picture is further complicated by the

18
»

fact that the wood patrticles can be so heavily impreg-
c nated with resin that they are imaged at the same grey
e s s scale as true voids. To avoid incorrect identification of
| Jtal ——fprocessing|—p| diplay these regions by the software as air voids, regions are
Sample & SEM only labelled as air voids if they contain less than one
region with a grey level greater than,d-ig. 3. These
m@nm criteria (grey level, pore numbers) were arrived at by
BPB oo using two independent assessors examining a number
ITnTregm| I Filtering | of Images. g . .
Tmage v Tmage The classification used is thus:
Cutting & Acauisition [ Binarization o .
polishing A peration

Void: Region of grey level gwith less than 1 in-
Figure 2 Schematic diagram and flowchart for image processing and Cluded hole. This is the area of voids in the cement
measurement. paste;
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Dark wood Region of grey level gwith greater paste. The detectable voids, due to air embedded during
than 1 included hole. This is the area of the voidsmanufacture, is less than 1%.
inside wood chips; In Table I it appears that the total area occupied by

Wood Region of grey level g (hole size the three components (wood chips, voids and cement
immaterial). paste) are similar between three samples. The one way
.analysis of variance (ANOVA) statistical procedure de-
fermined that no significant difference existed between
the three side faces for all the items evaluated. This fact

X (which actually covers all parameters measured) also
a{f.’ thto_se ha\é”.]g an atrr?afgzleat_er than 16”?” e?c_:ht verified the accuracy of sampling and view selection
objectin each image the following parameters of inter-, ;200 brocessing.

est were logged on a data file for each of the objects Horizontal surface Regarding the horizontal sur-

measgred: feature number, area, position (uzgmgdy . faces, the features of the wood chips are different be-
coordinates), threshold number, number of pixels (p'x)tween different layers, and this will be discussed in a

feature length, feature breadth, orientation, perimeterﬁollowing section. Looking first at the mean values of

area (no holes), r_lumber of holes, _elllpse minor, elon'the six surfaces related to the three components, it was
gation 1, e_Ionganon 2, aspect ratio, convex C'rC.UIar'caIcuIated that about 62% area of the horizontal surface
ity, circularity, form factor, hole area, convexity, field is occupied by cement paste and about 38% occupied
area, number detected, number of interest, field numb ywood chips. Less than 1% area is occupied by voids

and class name. According to the feature of interest 01" Value similar. to that for the vertical surface. '

the image analysis, the specific parameters measuredHowever, the total percent area occupied by the three

were further processed. These included: area, featurceomponents is different between the different layers.

Ien_gth, feature bregdth, orientation, perimeter, aSPeCthe ‘area occupied by voids is largest in the horizon-
ratio, form factor, field area and class name, and argal layer L3. Lower values were detected in the layers

d|chussedhanfthre§%r_1;red mtth_e present ?aper. th near the surface and at the core of the CBPB. In layer
or each ot the 9 different viewing surfaces, th€ ré-) 1 - jaactaple pore was not found in all five views.

sults are the sum of the examinations of five imagefield%his suggests that certain sizes of wood chips, together

of view for each sample, with each view having an areg, ; . : ;
. ith a certain ratio of wood chips to cement paste, may
of 82.64 mnd, i.e. 5x 82.64 mn? = 4413.2 mm. produce a most compacted CBPB.

The area occupied by wood chips increased from the

These regions are further classified according to the
sizes (area): size 0 being an area from 0 to 1°rsize
1 being from 1 to 2 mrhand so on, up to size 10 which

4. Results and discussion
4.1. Percent mat area occupied
by components

surface layer to the core layer, with an exception of
layer L2. About 34% of the area are occupied by wood
chips in layer LO compared to about 49% in layer L5.

The percent area of a mat occupied by the componentBhis result is in agreement with the mechanism of mat
is an indication of the volume of wood chips, cementformation used in the manufacture of CBPB.
paste and voids in a panel product. The percentage of A comparison of values between the vertical and
components on the horizontal surface will characterhorizontal surfaces shows that the mean percent area
ize the change in length and width of CBPB underof wood chips is higher in the vertical than that in the
moisture change, while that on the vertical, side face$orizontal faces though the horizontal surfaces near the
will contribute a different effect on the thickness and core contain the highest percentage area of wood chips;
length (width) directions. In this investigation, both ver- the mean percent area of cement paste is lower in the
tical and horizontal surfaces were examined. The resultgertical than in the horizontal surface. The high value
(mean values) are presented in Table I. of the mean percent area occupied by wood chips in
Vertical surfaceln each of the three vertical surfaces the vertical surface may be partly responsible for the
with an area of 413.2 mfnon average about 42% is greater change in thickness than in length of CBPB
occupied by wood chips and 58% is occupied by cementinder changing RH.

TABLE | Total/mean area occupied by components of CBPB on vertical and horizontal stirfaces

Surface T1 T2 T3 T-mean LO L1 L2 L3 L4 L5 L-mean
\oids

Number of object 51 20 55 42 6 47 44 29 31 26

Area (mn¥) 2.90 0.96 3.99 2.62 0.29 2.99 3.85 2.10 1.86 1.85

% of total area 0.70 0.23 0.97 0.63 0.07 0.72 0.93 0.51 0.45 0.45
Wood chipg*

Number of object 465 548 567 527 353 335 298 349 329 424 348

Area (mnt) 163.58 183.39 170.67 172.55 141.61 14434 122.02 162.18 168.23 203.56 156.99

% of total area 39.59 44.38 41.30 41.76 34.27 34.93 29.53 39.25 40.71 49.26 37.99
Cement paste

Area (mnt) 246.72  228.85 238.54 238.04 271.30 268.86 288.19 247.17 24287 207.78 254.36

% of total area 59.71 55.38 57.73 57.61 65.66 65.07 69.75 59.82 58.78 50.29 61.56

*Number of view for each surface is 5; total area observed is 4132 mm
**Total area and number of wood chigsthose of wood and dark wood.
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L3

most all chips lie flat in CBPB, 36—-45% of the total
wood chips lie at an angle of 0—1,0and 20-22% of
them at an angle of 171-18With respect to the hori-
zontal surface.
Wood chips In considering the effect of the orientation of wood
comertpase chips on the thickness and length changes due to mois-
ture, chips with the same complementary angle (ef-
Total volume of Wood chips and cement I Volume of CBPB board fective angle) were taken together. It was found that
pasts about 90% of wood chips lie with an angle 0=20the
horizontal. Very few wood chips (only about 2%) are
present with an angle of 41-20
Figure 4 Volume of uncompressed and compressed CBPB. The mean angle was calculated based on the frac-
tional occupied area of wood chip. This was 10,82

From the mean percent areas in both the vertical and1-2T and 9.98 respectively for samples T1, T2 and
horizontal surfaces it appears that only about 40% off 3- Therefore the mean angle for the three samples
the surface area s occupied by wood chips. This greatl{s @pproximately 10.7to the horizontal surface. This
deviates from the proportions of raw materials used ir{es_ult clearly verlflgd the significantly different contri-
the manufacture of CBPB (which is about 75% by vol- butions of wood chips to CBPB between the thickness
ume of wood chips and 25% of cement paste). Theand length or width changes [8, 9], because the longitu-
result may be attributable to the significant differencedinal movement of wood (length of wood chip) is less
in the stiffness of cement paste and wood chips, resulthan 10% that of the transverse (width or thickness of
ing in compression in wood chips in CBPB. The fact Wood chip). The numerical modelling is reported on in
that compression of wood chips occurs in CBPB carf Séparate paper [10]. , _ _
also be verified by analysing the commercial CBPB Horizontal surfacgUnllke the orientation onthe side
products. For example, with a sample of 4258.7 g, amﬁac_es, the wood chips are distributed r_andomly on the
dimensions of 579.2 290.6x 17.86 mm, the volumes horizontal surfaces (Fig. 6), whether in total area or
of cement paste and wood chips used are ¥.4p~3  frequency. The mean angles (based on the fractional
and 3.81x 10-3 mm?® respectively. The total uncom- area for each chip) were calculated, Table II.
pressed volumes of cement paste and wood chips, and From Table I, the effective mean angles for 5
actual volume of CBPB board are presented in Fig. 4layers are seen to range from 41 to°5The total

The ratio of the uncompressed to compressed volumB'é@n angle is approximately 44.7his indicates that
of CBPB is 1.75. the effect of orientation of wood chip in the length

length of chips following dissection was due to stress

2]

Cement paste

S

Volume (x10° mm®)
oW

+
wood chips

=)

Note: Sample with 4258.7 g, and 579.2x290.6x17.86 mm

relief [7].
TABLE Il Mean effective angles of wood chips on the horizontal
surfaces¥)

4.2. Orientation of components and voids Layer Lo L1 L2 L3 L4 L5

Resulting from the anisotropic nature of wood, it is
considered that the orientation of wood chips is a vitalEffective angle 4586 40.59 5141 47.08 4279 4351
factor affecting the dimensional change of CBPB. This
investigation examines whether the change in dimen-

sions of CBPB between length and width is identical, = A

and whether changes between thickness and width it &

significantly different. It should be noted that the raw £

data for the orientation give the angle over a range of M
27 radians. On the graphs in the following discussion M
this had been expressed in degrees over the range ¢ y ;

0--10 11 21- 31- 41- 51- 61- 71- B1- 81- 101- 111- 121- 131- 141- 151- 161- 171-
0_18@ 20 30 40 S0 60 70 8 90 100 110 120 130 140 150 160 170 180

Vertical surface Very similar results were obtained oozt
for all 3 side faces of CBPB (Fig. 5). As expected, al-

Area (mm?)

156

o
S

250

8

Area (mm?)
8 8
Number ot wood chips
g8 3
‘g m

g

T3 T3
T2 T2
T T

g

Lo
4] 0

0-10 11-- 21- 81- 41 51- 61- 71- 81- 91- 101- 111 121- 131- 141- 151- 161- 171- 0-10 11-- 21- 31- 41- 51- &1- 71- 81- 9o1- 101- 111- 121- 131- 141- 151- 161- 171-
20 30 40 50 60 70 80 90 100 110 120 130 140 150 180 170 180 20 30 40 S0 60 70 80 90 100 {10 120 130 140 150 160 170 180
Angle horizontal plane (°) Angle to long edge of board (*)

Vertlcal three layers: T1, T2 and T3 Horizontal six layers: L0, L1, 12,13, L4 and LS

Figure 5 Area occupied by wood chips having various orientations in Figure 6 Area occupied by wood chips (A) and number of wood chips
vertical layers. (B) having various orientations in horizontal layers.
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Figure 7 Change in length and width of four brands of CBPB boards
under various cyclic RH.

Size

intention of manufacturing an isotropic board. The |E"tnett B2-length(v) D3-width(h) B4-width(v)
experimental results have also confirmed this (Fig. 7). |msperimeterty  me-perimeterry)  mr-area) ms-area(y)
Fig. 7 illustrates the change in length and width of
four brands of CBPB. Four different cyclic conditions,
ZOOC/65%_) 203C/90%_) 203(:/30%_) ZOUC/65% h=horizontal surface; v=vertical surface
relative humidity (RH), 20C/65%— 20°C/35%—
20°C/90% — 20°C/65%RH, 20C/65% — 20°C/
75% — 20°C/45% — 20°C/65%RH 20°C/65% —
20°C/45% — 20°C/75% — 20°C/65%RH, were _
used. It is apparent that under various RH conditions The mean values of the parameters measured are sim-
the changes in length and width of various CBPB ardlar between layers. In horizontal surfaces, the length
very similar. of the voids varies from 0.52 to 0.69 mm and from 0.23
to 0.29 mm for the width. The perimeter is always the
same except for layer L2. As for the area of the void,
4.3. The size and shape of components it seems to be larger in layer L3, and both surface and
in CBPB core layers have a lower percent area of void. A one
The structure of CBPB and hence its behaviour dependgay ANOVA test determined that no significance ex-
principally on the components (including voids) andisted between layers. This indicates that the detectable
their size embracing their length, width, perimeter andvoids in CBPB are relatively randomly distributed.
shape. The total area occupied by each component A comparison of the mean values in the horizontal
and the orientation of the wood chips has been discussdéace with that in the vertical surface shows that the
in previous sections. Further evaluation was carried oufnean values of all parameters measured in the vertical
in order to obtain a better concept of the structure ofsurface were similar to those in the horizontal surfaces,
commercial CBPB. The summaries of statistics for theTables Ill and V.
dimensions, area and shape factors of individual com- Wood chipsAs for the size of voids, the variabili-
ponents have already been recorded [11], The granﬂes in the sizes of wood chips within individual Iayers
mean values are presented in Tables Ill and IV, andested is significant, especially for the wood chips with
Figs. 8 and 9. areas ranging between 0-1 rhrhlence, for the same
size class of wood chips, the mean values were dif-
ferent within the six layers. There was a tendency for
Size of components the lower mean values to be in the surface and core
Void. Table Il shows extreme variability in the length, layers. For the same class of wood chips, a one way
width, perimeter and area of void within individual lay- ANOVA model determined that significant differences
ers tested, with the greatest variability being for theexisted only for the perimeter of wood chips with an
area. However, the degree of variability for all param-area of 0—1 mrfy 1-2 mn? and 3—4 mri. There was no
eters was very similar for various layers. significance for all other parameters measured among

W 9-form fator(h) B 10-form fator(v)  E111-aspectratio(h) El12-aspect ratio{v}

Figure 9 A comparison of size of wood chip on horizontal surface with
that on vertical surface.

6217



TABLE IlII Mean size and shape of pores and wood chips in six horizontal layers across the thickness of CBPB
Numb Length (mm) Breadth (mm) Perimeter (mm) Area (Am Form factor Aspect ratio
umber
Layer ofobjects Mean COV(%) Mean COV(%) Mean COV (%) Mean COV(%) Mean COV(%) Mean COV(%)
Void (0-1 mn? in area)

LO 6 0.62 24.46 0.23 37.77 2.04 27.83 0.05 35.64 0.16 37.13 3.00 41.94
L2 47 0.52 31.87 0.27 31.84 1.75 40.23 0.06 57.75 0.30 47.17 2.01 33.33
L3 44 0.69 49.61 0.27 42.68 1.99 46.91 0.09 82.35 0.29 44.40 2.80 46.02
L4 29 0.57 38.83 0.29 36.85 1.95 58.80 0.07 80.50 0.26 41.13 2.06 30.85
L5 31 0.60 32.09 0.25 46.05 192 36.12 0.06 63.90 0.21 38.98 2.65 46.07
p* >0.05 >0.05 >0.05 >0.05 >0.01 <0.01

Wood (0-1 mrd in area)
LO 318 0.89 59.64 0.38 56.06 274 70.15 0.20 106.44 0.32 4043 2.50 40.65
L1 303 0.85 57.17 0.40 55.09 2.59 62.08 0.21 104.60 0.37 37.64 2.28 37.74
L2 236 0.93 61.18 0.41 61.73 3.42 80.30 0.22 111.99 0.24 48.49 250 42.19
L3 271 0.92 55.62 0.37 55.42 3.03 59.82 0.17 110.25 0.23 56.58 2.64 41.37
L4 264 0.90 58.08 0.40 55.93 298 66.37 0.21 105.40 0.28 46.91 241 50.78
L5 351 0.87 63.05 0.39 58.52 2.79 72.47 0.20 115.07 0.32 45.63 2.38 45.67
p >0.05 >0.05 <0.01 >0.05 <0.01 <0.01

Wood (1-2 mri in area)
LO 16 2.66 26.20 1.13 26.66 9.70 31.15 1.35 20.45 0.21 50.84 2.58 44.88
L1 20 2.63 32.01 1.02 2359 8.19 2491 1.35 18.92 0.28 37.64 2.81 49.24
L2 14 3.26 27.80 1.03 18.07 12.50 23.06 1.57 25.58 0.13 43.42 3.30 34.75
L3 5 3.06 33.42 091 30.14 9.42 29.23 1.49 25.02 0.23 45.22 3.58 41.90
L4 18 2.66 2391 1.22 27.00 10.67 31.97 1.51 18.43 0.21 57.02 240 44.14
L5 21 2.76 26.20 1.08 2347 9.10 28.46 1.46 20.40 0.25 41.38 277 4475
p >0.05 >0.05 <0.01 >0.05 <0.01 >0.05

Wood (2-3 mrd in area)
LO 7 3.62 20.26 1.53 18.97 13.24 20.88 2.56 12.62 0.19 35.39 247 3253
L1 4 3.92 17.92 1.46 16.84 1452 15.46 2.37 14.87 0.15 31.10 2.75 25.05
L2 5 3.25 10.25 1.58 9.50 17.28 25.90 2.77 21.21 0.11 35.42 2.06 5.20
L3 5 3.84 3292 1.41 28.43 14.54 39.43 2.52 11.38 0.18 53.59 3.12 63.20
L4 8 3.71 26.45 141 35.68 12.36 24.92 2.55 18.42 0.22 39.78 3.10 55.43
L5 8 3.74 2791 1.52 35.61 16.85 41.77 2.59 11.95 0.15 54.83 2.87 51.16
p >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

Wood (3-4 mnd in area)
LO 5 3.66 17.13 1.96 22.43 14.89 23.36 3.62 10.89 0.21 36.45 1.93 24.88
L1 4 3.97 32.93 157 2344 14.87 22.46 3.52 11.46 0.22 34.89 2.85 65.90
L2 2 5.94 19.42 1.43 16.38 25,92 10.20 4.37 17.66 0.07 0.00 4.29 35.15
L3 3 3.78 13.32 1.64 3.98 12.83 9.76 3.22 7.29 0.25 18.35 2.31 15.82
L4 5 4.26 38.36 1.78 26.75 14.78 25.57 3.67 12.45 0.23 41.34 2.74 69.58
L5 3 3.91 6.98 1.77 26.93 14.68 23.73 3.72 13.48 0.22 41.67 230 22.61
p >0.05 >0.05 <0.01 >0.05 >0.05 >0.05

Wood (=4 mn? in area)
LO 3 4.80 3091 237 1541 18.70 9.87 6.73 35.58 0.23 21.57 2.10 4353
L1 4 594 32.26 2.86 22.59 28.30 39.55 7.73 53.80 0.13 37.16 212 32.84
L2 3 5.76 12.20 2.38 2241 28.41 26.73 6.40 23.53 0.09 26.96 247 16.63
L3 6 590 13.95 2.31 4381 23.01 30.95 7.36 60.70 0.16 37.86 2.86 32.96
L4 7 5.67 23.92 212 6.02 2253 17.37 5.98 24.62 0.14 18.12 2.70 29.05
L5 6 6.80 29.51 2.61 38.83 26.56 37.63 10.70 76.52 0.19 46.32 2.75 25.47
p >0.05 >0.05 >0.05 >0.05 >0.05 >0.05

*Level of significance.

TABLE IV Values of size and shape of void and wood chips averaged over the three vertical surfaces

Length (mm) Breadth (mm) Perimeter (mm) Area (R)m Form factor Aspect ratio
Number
Object of objects Mean COV (%) Mean COV (%) Mean COV (%) Mean COV (%) Mean COV (%) Mean COV (%)
PoreG 126 0.54 35.07 0.26  38.09 1.76 47.89 0.07 98.31 0.28 44.10 229 4341
Darkwood0O 29 1.00 6274 0.42 49.68 4.04 80.19 0.19 13754 0.21 50.59 237 3477
Wood0 1444 1.13 66.25 0.33 56.20 299 71.39 0.21  103.70 0.31 48.09 3.59 4782
Wood1 78 411 30.96 1.04 32.60 13.58 39.01 1.49 20.08 0.13 6189 441 46.46
Wood2 16 574 3278 136 2281 20.16 36.24 2.59 12.46 0.11 8156 441  39.17
Wood3 9 6.80 23.90 1.36 41.60 22,92 29.05 3.42 10.04 0.10 53.13 575 43.03
Wood>=4 4 8.16 14.32 2.32 40.76 48.50 20.08 6.35 17.52 0.03  29.46 4.04 4398

*The number, 0, 1, 2, 3 and 4, after pore and weaotte area of 0—1, 1-2, 2—3, 3—4 ane= 4mn? respectively.
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the differentlayers. It should be noted that the results foinsensitive to degree of elongation. The aspect ratio,
the three vertical surfaces are very close, the ANOVAhowever, distinguishes between the degree of elonga-
test confirming no significant differences. tion rather than indentations and angularity.

In addition to the different sizes within the various In Table Ill, the one way ANOVA statistical proce-
layers, the percent area represented by the various sizieire was carried out to compare the average shape fac-
classes of wood chips change with layers due to differtors for the six layers. The results show that there were
ent number of objects. A typical histogram (Fig. 8), significant differences in the average shapes factors of
produced to illustrate the distribution of the area ofvoids among horizontal surfaces.
wood chips as a function of wood size for the six layers For wood chips, the degree of significance varied
examined and a comparison of the values for the horiwith the size class of wood chips. After an examination
zontal and vertical surfaces, shows that the percent ared& a number of wood chips found in each horizontal
is fairly evenly distributed among the different layers surface, it can be concluded that there was a significant
for the size class 1-4 miywith an exception of layers difference in the average shape factor of wood chips.
L3, which may be due to the wood being incorrectly The average form factors for both surface and core lay-
detected as “dark wood,” resulting in a high percenters were greater than those for intermediate layer(s).
value of the area occupied by the dark wood. For thé=or wood chips with an area of 0—1 rpit was 0.32
largest &5 mn?) and smallest (0—1 mfyisize of wood  for layers LO and L5 compared to 0.23 and 0.24 for
chips there were very marked differences of percentayers L3 and L2 respectively. Conversely for the as-
area occupied between the layers LO, L1, L2 and L3pect ratio, the higher values occurred in intermediate
L4, L5. This visually confirms the general concept thatlayers with lower values in the surface and core layers.
wood chip size gradually increases from the surfacel'he results indicate that relatively shorter and smoother
to core layer in graded density particleboard. The size&edged wood chips were placed in the surface and core
class of 0—1 mrh comprised about 45% of the total layers of CBPB.
area of 34% of wood chips in the horizontal surface A comparison of average form factors in the horizon-
for layer LO compared to 35% of the total area of 49%tal surfaces with those of the vertical surfaces shows that
of wood chips for the layer L5, while the size class of the form factors were similar between the two surfaces
>5 mn¥ only occupied 14% for LO compared to 32% but the aspect ratios were very different (Table IV and
for L5. Fig. 8). This illustrates that the shape of wood chips is

Size distribution of wood chips in the horizontal sur- long, wide and thin.
faces was very differentfrom thatin the vertical surfaces
(Fig. 8), with the total area occupied by the size class .

0-1 mn? being much higher and that by the size classd- Conclusions o

>5 mn? being much lower in the vertical than in the 1) A technique for quantifying the structure of CBPB
horizontal surfaces. Itis interesting that the mean lengtfias been presented which has proved to be efficient
was very similar for the wood chips in the horizontal and@nd effective. Images of both vertical and horizontal
vertical surfaces, while the breadth and perimeter aréurfaces were obtained and the structural parameters,
greater for chips in the horizontal surfaces than in thdncluding the distribution, size, shape and the percent
vertical surfaces (Fig. 9). These results agree with thé&rea occupied by individual components, were quanti-

general concept of the alignment of wood chips withinfied. ) .
CBPB. 2) The percentage area occupied by voids was lower

for surface and core layers than for intermediate lay-

ers. The total value of detectable voids was less than
Shape of components . . 1% of the total surface area for both the horizontal and
The shape of components was characterized with ree ica| surfaces. However, the percentage area occu-

spectto the form factor and aspectratio. The form factopyie v wood chips increased from surface to core layer
is a function of area to perimeter which allows ObJeCt?-ﬁ:

o ; rom 34 to 49%), except for layer L2. This result was
to be classified by the degree of their roundness; a for agreement with the mechanism of mat formation in
factor of 1 represents a perfect circle, a form factor of O,o manufacture of CBPB.
represents an infinitely thin object and 0.785 represents 3) The mean percent area occupied by wood chips
a square object. An object form factor is defined as the,,

f the obiect divided by th £ a circle havi as different between horizontal and vertical surfaces,
area of the object divided by the area of a circle having, o4 504 higher for the vertical surface, suggesting a
a diameter equal to the perimeter of the object divide

. reater contribution to the change in thickness of CBPB
by, i.e. compared to length. The mean percent area occupied
Ararea by cement paste was higher in the horizontal surface
Formfactor= ——— than in the vertical surface.
perimetef 4) Overall, the mean percent area occupied by wood
chips is only about 40%, which is much lower than the
volume fraction for raw materials in the manufacture
. length of CBPB (about 75%). This indicated that the wood
Aspectratio= breadih chips in CBPB are highly compressed. Obviously, the
much higher change in the length of dissected chips
The form factor distinguishes the more angulardiscussed in previous paper of this series [7] was due
shapes from those with smoother edges but appeats stress relief.

Another important factor is the aspect ratio:
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5) Inthe vertical surface, wood chips were nearly all 8) The findings of image analysis indicated that both
flat. The distributions of orientation (separated into 18sampling and view selection were representative and
classes) showed that an area of 36—45% of wood chipappropriate. The results numerically: -
lie at an angle of 0—10and 20-22% at an angle of i) confirmed the features of wood chips used in

170-180 to the horizontal direction. The average ori- CBPB and determined the parameters of compo-
entation of wood chips, based on the area fraction of nents to be in agreement with those theoretically
individual wood chips, was 1027explaining the much controlled in the manufacture of CBPB;

higher change in thickness than in length or width of ii) revealed the structure of CBPB which agrees with
CBPB with changing moisture content. While in the the general concept of the structure of particle-
horizontal surface, the wood chips were randomly dis- board and the distribution of wood chips;
tributed. The effective mean angle was about 44.7 iii) provided a basis of information for modelling the
confirming that the effect of wood chip on the length stress—strain behaviour of CBPB (to be carried out
and width change was the same. in subsequent investigations).

6) The distribution of void size was fairly uniform,
but the size of wood chips was different among the six
horizontal layers and between horizontal and Verticaﬁckpowledgement .
layers. The percent area occupied by larger wood chip enior author Dr. Fan wishes to thank Professor W. B.

increased from surface to the core layer, with the most. an(ljgs of Unlver5|t3/CIof Waltes, Balr\}lgolgf(;; his CO':StfrggE
marked difference for the largest% mn?) and small- V€ JISCUSSIONS and assistance, Mr. L. Raymento

est (0—1 mrR) wood chips. The percent area occupiedfor SEM and image analysis operation and the British

by the smallest wood chips was much higher, but thapOunCII for some financial support.
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