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Introductnon

Wood cement bonded partlcleboard
was originally mvented lanermany about
eight -decades - ago. ' Since then, it has!
been' gaining acceptance in many -parts’

" of the world as a sheet element for the

building - construction* industry.  Thein-

terest ‘in- the board can-be associated with "

a number of.factors.’ It is highly resistant’
to fire, insect: aud fungal attack and has
excellent weatherability and good accoustic
insulation - - properties -~ (Deppe,” ~ 1974;
Dinwoodie, 1978;1981). With respect to-
the aforementioned properties, the board
is'* superior to 'the conventional resin
bonded particleboard. ¥’ Thus, the' cement
board is. being applied to* complement
resin ‘boards ‘ in - areas - where ' adverse
weather conditions and - fire lpreclude the
use of the latter. " Tha cement board is also
more favoured than ‘the.'resin’ board by
having one of its principal raw material;’
namely cement; locally available in most’
c6untries “and*“ by ’the ‘fact” that-its manu-
facture is more’ easny adapted to arela-
'tlvely small plants ke

...One of; the.major problems of cemem-,
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bonded panicleboard |s the _poor bending
strength Thls is a senous “Ilmltahon to’
its ‘use "for’ Ioad-carrymg purposes. Thus,’
in_order- to gaun a wnder -acceptance as a
structural panel for the bulldmg industry,
there is. the need' to develop means ‘of
|mprovmg the strength propemes of the
board.” The 'mam purpose of this prell-
minary study, therefore, ' is _to address the’
strength iproblem- of wood-cement bonded
particlebdard».'Specifically, wathe objective

of the study.isito examine;the effect of

wood: -veneer lamination’ on: the flexural
properties “of: the board at,different. cement -
wood ratios and board densmes TR
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S Matenals and Mqthod

Plantatlon grown Gmel/na arborea

'wood and=mixed sawdust of' some hard-

wood i-species- were .iused::in .this study.
Following..felling,:;tha; Gmelina wood was
cross.icut:iinto, bolts and: debarked, The.
debarked . bolts were;;seasoned for eight
weeks..,and..thereafter . cut .into flakes of
about 25:mm:in - length:and; Q.25 mm thick-,
ness..: The.sawdust.was, $lQ\(6d using;6 mm
and 2 .mm mesh screens.” The flakes, and
the ; portian of . the sawdust-which; passed
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natjon was replicated two times.
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through 6 mm scrfeen but retained on

2 mm mesh screen ware separately
subjected to hot “water treatment “at a"
temperature of 75°C. The wood materials - -

were so treated.to remove water-soluble

extractive ~ component. of . the wood. - .
_where C Cement welght (9)

Following extraction, .the flakes and the
sawdusts were airdried’ to 12 percent

moisture content pnor to panel fabri-® -

cation,

Ordmary Portland ,.cement was used
as. blndrng agent whlle Calcrum chlorrde
3 percent werght of cement was rncorpo-

rated in the wood - -particle- cement paste_

mix to accelerate cement cunng The

ikt i

cement was purchased locally ‘from s’

fresh consignment rn standard bags of
50 kg weight. It was a general pUrpose
type complymg wrth BS 12 Part 2 1971

. The experimental rboards were. - fabrr-

‘ cated at three nominal. board:. densities,
"~ viz: -1000,- 1100.:and .1200.kg/m3. (based.’
on.ovendry: weight.iof the board), and at

cemeut/wood ; ratios..af..2.80:1, 2.75:1 and
3.00:1 (weight :to_  weight basis),  The
study variables were combined in 3 by 3
factorial -layout:vi-Eachi treatment combi-

Rae Y I

.. Prior .- to.. board“: fabrrcatlon, .. the

.amounts: of i"cement..and: wood .,particles.

required - for-the- production .of each board
were calculated oniovendry weight basls..
The calculation -of- the - quantities.. of the.

way' that'the-thicknesses. of :each/ of:the
two face layers, and of the core:layers in.

the final board will ‘be 1.5 mm andi9 mm'

materials - for the board was done-separateiy- "
for- the ‘face-and:the: core, ‘and.in'sucha

respectrvely The amount of water needed
was estrmated ‘from the’ following relation-

"'shrp developed by ‘Simatupang (1979).

# kb

Volume of water (ml)__O 35C+
- (0.30—MC) W
MC Wood moisture content (%)
W Wood werght (g)

For each board the requrred quantrty of
waod particles .and, water containing
dissolved:* Calciim chloride were mixed
manually:i}:before. cement: -was ‘gradually

- addad. wihessingtadientsvavera sthoroughly.

hand r.mixe:df'run't'il the_ymixture appeared to
bhe;hgmoganeoys. . -Thg wood flakps for the
core slayer,ef.ithe rezgper‘rmental .board and
the sawdust for.the: fage:layers. were sepa-
rately emixed.. , The, cement-wood  particle
mixes, werg thanevenly.dijstributed by hand
Q1tora caul plate to,form a mat,tress. In
sawdpst mlx rwas frrstlsgread onto the caul
platg,. followed. by the» cement-wood flake
mlx .and_lastly,, the -remaining half of the
qgme_nt?sa‘wdu_st mix. After tormxng, another
caul.plate was placed on the mattress and it
was,. cold . pressed \n Aan hydraulic press to
the . requrred“thrckness of  12mm with a
Rressure of 1,23 N/mm?. ;The mattress was

._‘,qnqer ~thig. pressure- for a period of 24
hours,, in.: order. ta,, hold. the .cement paste
cpated w\pod “plartiples j together while

:t‘hlS f)'erlod each bqa(d was released from

~pressyre and, stripped . f from, the caul plate.
-~ In -order, to reduc
" board " formed “and”

ater Ioss from the
nhance ‘further hydra-
tion:7ofs the-mcement, vhinder,.: the - boards,




JOURNA4 -OF THE T,D.A.

immediately followipg . stripping, -were
sealed up in polythene bags: for ;28 days,
Thereafter, the!boards.were:conditioned at
60 -percent relative’ humldnty, -at 20°C to a
constant weight.it 2 G

l After each board was
cut’ into two. halves to., glve, ,two sets.of
boards. One _ser ,_qfuboa‘rd_s‘ was ,,lamln_ate_d_

condmonlng.

with: 0.6 mm_thick wood veneer-while the:
.unlaminated. . The.
wwas, done :-using:i1.43 g/m?

other: .. set: left
7 lamination ...
(double glue line)-of icold: setting.urea
formaldehyde resin. After .gluing, and
following an open 'assembly time of 15
minutes, the- veneers 'were. la|d on the
far o st o ‘h SR T S i

was

’-Table 1

§s
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board ;; ,surfaces ~angd, - cold,,(pressed for 8
‘hours ...at;;, the -, pressme of 1.23 N/mm?,
The lamlnared -boards were,condmoned at
60 perceqt relatlve humld|tv and 20°C for
14, days Both the Iammated and  non-
lamlnatqd boards were tested for static
bendlng performance in accordance wrth
German Standard DIN 68761 o 967)

Besult and DJSCUSSIOI]»'

L SSAE

The Modulus of Ruplure (MOR) and
Modulus ‘of° Elasucrty (MOE) of the wood
veneers “lammated and ‘“‘non laminated
cement-bonded wopd partlcleboards pre-
‘pared at’ dlfferent cement ‘wood ratios “and
board densltles are preseme in Table’ 1

W T L Sy

Flexural properhes of wood veneer lammated and-non- lammated icement - bonded board
: At dlfferent cement wood ratlos and density - levels

Loy o e
. "

’é,;me'm. _l}lom,l_na,l;‘ Obgerved ..Modu:l__us -of Rupturel('MF?a):,-:‘ 'Modulus-'of Elasticity .(MPa)
Wood . Density.- Dansity... . /Non-Lami- ‘Laminated * ‘Non-Lami-- “Laminated °
~Ratio. (kQ/m“) (kg/m?).  mated-. i natled‘i:.“' e
254 11000 4988 .. 671, 27,471 L4 4079 it - 3336
2.5:1 11001 = 9089+ . .:866. 30207 5 14812 . 3823
2.5:1 1200 1230 1160 36.07 A 21000 4497
2.76:1 1000 993 - 745 2832° "1 12857 3424
2781 ‘1100 1114, " e Pigggg e inggggea ) 3913
2751 ., 1200 1245 12 62 "_"fl‘f"41":32‘":”""f_‘“““ 2198 i “ 5074
3,007 510005 7991, oy il i ,,,\@zteqmﬁ o ‘“1“503”“‘ 3372
3.0 ©11004. 1120+ .. 110,15, \m,3559.’5 R Y [ 4237'
3.0:1 1200 - 12497 - .-:14.30 v A..4z.55.l;‘-..-.. e 5211

..'\ DA R}

_.Each value represems the mean of two repllcahons

1Y \u,. kl t %58
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Y mis obvious ‘from-‘the “Table “that'the
three varidble factors in this-study namely:
cement ‘wood “ratio, ' board density’ and
lamination'“have  considerable influence on
both the MOR and MOE of the board. “The
values of MOR ranged from 571 to 14.30
MPa for the non laminated . board, and
from 27.17 to 42.55 for the laminated
board. For MOE the .values are in. the
range of 1079 10.2418 MPa, and 3335 to

5211 MPa for the non-laminated and'
laminated boards, respectlvely The'
observed lmprovement in  the flexural

.’propemes as a result "of “wood “veneer
Iamlnanon of the board |s approximately.
two to three-fold increase in the proper-
ties of the unlaminated boards. As earlier
noted, the strength properties of the board
which include £ MOR and MOE are

important properties .which ..determine the ,

applicability of particleboard - for structural.

".componeit. . Thus, .on. the basis of the.
‘improvement. in ;the :flexural prope,rtiesa.*
- observed, lamination; with wood . veneer

can be considered. as a way to enhance
- the boards utilization- as '~ a structural

component in the building’industry..

Both-the MOR and MOE increased

Summary 2

1

2 syl ,.%w‘:\*ﬂ)\‘*a_»z_;i-
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- with‘increase:in board-density.and::cement
wood ratio.* lThls -observation - agrees with
reports by prevnous *workers:-; (Moslemi
" etal, 1983; Badejo, 11988 ‘and - Oyagade,
. 1989). The influence of -increasing density
~can be associated with' improvement in
stress” distribution wuhln the "board 'as a
result’of- better lmerpamcle contact caused
by the "increase in ‘board density. Also,
with-increase in cement/wood ratio, more
cement...was: ‘‘available  far interparticle
j bondlng 'Ieadmg to:enhancement. of: the

board, mechamcal propertles

'Concluslon e

Wlthm the .range of study vanables_

A employad in , this studv., Modulus of
-Rupture - .and: Modu|us ~of Elasticity of
'y, cement bonded pamcleboard increased

with board densnty, cement wood ratio and
lamlnanon “The" lamination “of the boards
brought “about’ two: 10 three. umes increase
“in” the strength propemes -ofthe -board.

' ' The ! wood 'veneer Iammated boards, parti-

: cular_l‘y"thoser!produced_,,at .cement wood
ratio;’?in:_ the range! of 2.5:1- to 3.0:1 and
density of 1200 kg/m3 ‘could be satisfac-
torily: used as-a.’semi structural material in
the; b,_uil_ding construction industry.

) Cement bonded wood part/c/eboards were made usrng troplca/ hardwood
specres at three nominal density levels of 1000, 1100 and 7200 kg/ma and cement/

wood. ratios.. of 251 2.75:1 and 3.0:1.

The. baards were. manu_factqred at_nominal

board thickness of 12 mm and compnsed three /ayers wrth 0 25" mm thick | f/akes fora

9" mm thick core layer and sawdust-for 1.5 mm thick face /ayers,

One.set of boards

was ‘laminated with 0.6 mm thick -wood veneer. whr/e another set was: not Jaminated.
The static bend/ng (Modulus of Rupture) va/ues for non /am/nated and laminated

boards ranged from 571 to 14.30 MPa

and’ 27! 17 t0''42'55'MPa respectively.
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For bending stiffness (Modulus of Elasticity), the observed values ranged from 1079
to 2418 MPa for the non-laminated board, apd 3335 -to 5211- MPa for the laminated
boards. Generally, the increase in. the , va/uas of. the flexural properties caused by
lamination is about two to three times the values abserved for non-laminated boards.
The baards were stronger and stiffer w1th lncrease ln cement wood ratlo and board
dens:ty NN ,.:\ e 8 R am R
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