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Introduftion

Wood~cement bonded. particleboard,

was originally invented in IGermany ab~ut
eJght 'decades, ago. : Since' then: it 'has:
been' gaining acceptance 'in . many -parts

. of the world' as a 'sheet element .Ior the
building" construction-ilndustry. The" in-'
terestin : the' board can be associated with'
a' number of, factors. !'It is highly resistant
to flre, insect aud fungal • attack and has
excellent'weatherabilityand 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; I'Thus, the .cement
board is; being applied to ' complement
resin boards ' in' areas', where 'adverse
weather' conditions' and 'fire' preclude the
use ''of the latter, "The cement board is also
more favoured than ·the.,lresin' board 'by'
having one of' its principal raw material;'
namely cement;' locallyt available inmost'
countries. and " by' 'the' tact'vtbat-its rnanu-'
tacture is more' easily adapted' to a rela-
~ : .' . '. ":.. i .... , '.-I . ::. I ~.; "

. tively small plants. ,
i. ~. .;"'. I : . ; • • ".' , . ' : .,

,_., .One of the.rnalor problems of cernent-,

bonded .panlcleboerd .is: i.the. poor bending
strength;" 'This' is '~ ;~erioJs '~JimJtation . to;
it~' :us'e; :for f'load·cs·trying.' pu~poses. Thus, ~

in 9t.der'~;~Q'·gairF ~wiq~t;~Gc~ptance as 8

st~ucturaj'::~~nei;; f(;r"; the ~~·b~iiding Industry,
~ t"·· ..•.....'t'! I-i,.... ·.Y•.•. _ I' ~.. , .

there' is'. the" need' to "develop', means of
irnpr~vi~9 :tho' strength 3properties of .the
boaf~t~':r~~"Hmain. 'purpose of this prell-
mlnarv istudV:' therefore,:"is 'to address the'
strength; problem- of wood •.cement bonded
particleboard: ;Specifically, t,Qthe ..objective
of the. study', is':',to examine) .the effect of.
wood~i.ve,weilami~ation:~:o~/ .the flexural
properties ~;·of;,theboard~~;;different. cement
wood ratios and board densltles:

'. ;.,.,,p.. ;MataJ.ia.ls a.nd( M.~tJ:l0c,t

Plantation'; 'grown' '(; 'Gme/ina srbotee
. wood', and'~mixed~awdust:of' some hard-
wood 1(, species.' wereiused.iln .this, study •.
Following,~felling.iithq~; G.ma.lina wood was
cross' cut.unto., bolts and. debarked, T!1G1.
debarked, .•holtawere., seasoned for eigh,
weeks...,. and.. therea fter::(;~t. jpto flakes 9f,
about 25;mm~in,"le(lgthcilln,dr;Q.25ITlm thick-.
nes~.:·JThe.,sawduSLwas ..,~~,~~eQ,l,l.sirl9;9 rnrn
and ~,mm mesh sc.reen~> The flakes. and
the,:po,niPQ''p(; th~ ~,~~!jI,l;l§,t,'!'{ri,cp:J~a~seq.
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through 6 mm screen but retained on respectively. The amount. of water needed
2 mm mesh screen' were' separately w~s'~stimat~'d ;from-th~'i follow..ing relati~n-
subjected to hot "water<treatment '-at a' "ship d~velopedb.Y 'Sirnatupanq (1979).
temperature af 75°C. The wood materials ,'. > \.." ';"""" ,l..;::,

were so treated. to remove water-soluble " Volume of water (ml)=0.35C+
extractive component of the",yvood:.;." ,'1" . "/.; (0.30-MC) W
Fallowinge1(traction, .the flakes and the where: C,= Cement wel$lht (g)
sawdusts were airdrled ' to "12 percent .\ .' MC~Woodmq'j~tur~content (%)
moisture content prlor to panel fabri-'·· .... ' ..'.. , W=Wood w~igh~ (g)
cation. " ..:., ' ..J'.'., .,. ':.: - -.. . .',e"'.: ..\ ':';';'\". "

For each board, the required quantity of
Ordinary Po,rtl;inq"p~.ment was used wood particles .and . water containing

as..binding '~~e~t whiit'Calcium chlorlde, dissolved Calcium" cl"iloriCie' were mixed
:3 percent '~e.j9htof cement, w(}.~.inc'o·rp6:; ma~.uY'i1:b~~o.re~~etne~;:was 'gr,adually
rated in the wood ..particle-cement .paste ..c. .••. .a.cl.cl.ad;. ,wTtheldnguulienll\c;,("wer.ah.horplJgh.lv:·
mix to ac~ele,ra,te,.cem.~nt.~uring~)he· hand.rni~ediiuQ:tjJ_the,[rrixtljre appeared to
. . . . • !1~'i I.' . ; . . . ., • I... • '. .' I..•,..1..:.: '., ", , , '.j .' .

cement was purchased, I~cally: fro~, a: b~lbRmf?,g,~~eo~~: ,:nm~''!l;'0pd Ilakesfor the
fresh consignment ,n. stanc1,ar,d bags of ~r;~ 1Lqy~r;,)p:f,t,lhe ,~>.<.pe[;lrv~nta,L:poard and
50. k? "tveight, Jtwa?:"agEl~~r~I:_pu~po~,~; the s~_w.c;lUst..f,9r~he:faH~' d~YElrs. were sepa-
typ,e complying ":',ith B~~.1.2.'.'par!\2:, ,.197,1.,.. riMJy. bl11ix~g,.: ,The;IPc~f;1)ent~wqo.d. particle

. .' f h . - mlxes :IlI(Are·th·~n·,.ev.Anly-,dl'~tribuled by hand_ ",.The .expedmentalrboatds : w.E:!re.:a",rl.-· ·JI"".~.I_,.-.:,'L\~ .•.•. ". ,.,. ... r:'., " .
h . I b d d '.. qntQ )a·l·,·cu"!"olats. ·to.'r form a .rnatfress. Incated at t nee Jlomlna. oar :', l'l.nS,IHes, "" .- .. , It.,.. .. ., r... Y

d b d.' fnrr:mng ..the.rrnattress .,half.·of .the cement-. vlz: ..1000,·.;1.1 OO.:an .,1200,,:kg/m\l.:: (, ase ,'. . ;'f .•..• Il .~., .-: •. ~ '.1 ,(;,:"" ... ,' '. .

oncovendrv: weighLiaf.;the board). and at ~\l\(ll,9pst rn!~!·~~$flr~,qiF,t~qr~nto the caul
cemeut/wood i ratios ..QL)..pQ:1, ,2 ..7.p':J and J:l1~t~,;follpV\lE)!:L"by.th~I'ce,~.~nt-w~od flake
3,00:1 (weight, ita, we,i,ghtbasis), : The rlm(}lnd,.IastJy!;!t~e,p~l'(1~lI[lIng. r~lf of the
study variables were combined in 3 by 3 <fl'lf!lfi.nt,~~wd,l).,strrux, ~f~/3f forming, another
factorial -layout.'.r;E!ach ;..treatment cornbi- <fiH-!l:plate~as pi,ap,ed~.r the mattress and it

. nation was replicated. two .tirnes. " Vl(a~-f;Fq;IA:,pres~ed Jrh,?n hydraulic press t.o
',' .• ".' "'\.- .• ", ':" ,I. thEl".;,J!3quir~9.JI~hickpe.s;L0f.12mmwith a
. ,. Pr ior: .- to. :board' ,; Iabrlcatlon, :: the pr~~sL,JrE,l'iqf,lt2~)~/mm a .,,"1,(1e mattress was

.arnounts of" cement ..and wood.i.panicles 1!3,f,t!;4!?cj~~;(.thi~.,I?I~~.ss,",r~.fora. period .of 24
required for ..-the: production .0Le.aoh beard Iv?/-!r~;"i[l.., order, ,tQ.:

n
holP".,;Jre ..cemen,t paste

were calcula.ted on-.ovendrv v-.:.~Ightbasls.. ~R~I!3~':lw,podl;.Pta~Fif~l~s.;, tOs::Jether while
The . ~alculallon ',of the . q,~antlt'les-,:of,t~e~,.,~.".)19P1!t~~II1.¥fl£t!NjQ.QJ~~~~.;P..ltlC~:d~.~)~eerd. of

- materia Is. fortheboard was done,;s~eparateJY', ~~Ispe,~iod~. eac~,pq~~p yvas released from
tor- thauace- an~;l;the; core.r.and.in.such a '. prM~we, qa~q,r,~HjPP~~::,Jr?rn, the caul plate.
way t hat+the -thlcknesses.vof i each. oLthe. In order .to reduce. water. loss from the

I .:' , ",' ,:. '." • I \ ,.; .•.. ..' :./ i,.:;:t":. ~'.:' '. ." I ", .. ,.'. , .•

two face' "lavers, and of the cor erlaversIn. .' board formed, andiiierihance'~further hydra-
the final board will be 1.5 mm and ': 9: rnrn' t1on,';-lof:; the~N:emen{hQinder;,; the' boards

. • : '.-' I·'·· .:..•• ~ ':'. '

:f
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""" :.•:,.i~;:·.. i •... !:... " T.I',.r::Table 1
:::.i',' . .:::.:~:'-.... I'{:';· ~':.t~\f:._ \:!,

: fle~.}Jra' .prqpe,~; i~~i;~f" w~;d.~e ~ee'( l.~~i nated }and non-lam lnated ;oernent sbond edboard
..... .' '. at . dIfl~re,r:t!t~~rn~~'.''yvood ratio~i~D~,der$ity ':,Jeveis,;~i!;;'(.,

, . . : ... _',.,' .j ,. t • • :.' :! i J: "., . ", .... :, ~ ~... r ~:.t .. !.'.~ ..~.~.': ~.'

,
.! ,'~

immediately foltowipg. stripplnp, were
sealed up in polythene .baqs: fQr"i2.8 days.
Thereafter, the: boardaiwere.conditloned-et
60 -percent relatlvebumlditv.eat ;20°C toa
constant.welqht.v' ;;; .\ . iJ . ..' ,;' .

. 'After. .cond itiqning. ~~ac,l;I.board was
., •. '. '" '., • • ',~_ • I . • ~ : .'

<;:UI into!wo .'h~lyes to .giv~.,~liYP;is~t~,of
boards.. One .;;e,\ I ,QU)oa,rd::;. was )amin,atElQ
with: 0~6;.mm.thlck ,w,ood v~ne.er·V{hiJe;the
other.. set; w.as left c.unlarnlnated. ,.The.

~ lamination. .was. .dcne "using' '1.43 .g/m2.,
(double glue line}» ·of. .cold+senlnu.urea
formaldehyde resin. After . ;gluing. and
following an open"as'semb'ly time of 15
minutes, the' veneers «were .. laid -on the
I:,' "":.

•.••.•• 1 , '.' ':: ~ . '.1··· '.! i',' . i: •. ;l,.: •..;

; I. '" ,t

27·

bo~r,c,1rusu"(-8ces .:>anp, ,,9pI~bp'r.essed for 8
. houts ."attl-,~:he., ;pr.essur,~ r-~'!!?fJ,.23 N/mm', .
T,M! 1~r;T;l)rl9t~d;-.,.~pa,rds ,,:X'!mei~8.!)?itiQ~ed at
60 Jl~rH~nt·r~IC!~~v.e,.hu~.~,di~y,~,nd 20°C for
14, days. ,Both .the laminated .and' non.

i . '-it~,O(" ~'~:. , r;: .

I.amir'\at.~d~~,b.o·ards;. wer.er'.te!>tt'ld· for static
bending' .Performance' io"accordance with
GermanStandard 'QIN6'~761 (1'967):
•• I ''. :'~.'i.\'1 " i' ';';. !.~ . 'I,.~··: .': .i •• ;:" o? ',: I ", •

Result.and D.1sCU6sioo ,;£t.O I:'J I .'
l-.!~: ~".! . :J t.r ,:'. . •..•I I ~.

" The McdulusofRuptuta '(MOR)' and
·:t .••)· '" , .• t-·I. . . ',' "

Modulusvof "Elasticity"'('MOE) of the wood
veneers '.\ laminated" and'r(;(n~n-Iamlnated
~e~en~~bo~ded .: wood "~~riicleboards pre.
• '~:;;';.:,""' .•.."tJ;.! .jl .'\~ •••••. ld·.,t';:; ....·.,.. ':',. '.' " .

'pared' at'Chfferenl ··~ement'wood rattos --and
board cle~~iti~sare' preS~rit~d in Tabia·1.
. '>~'i'·:).{ :f.;.~:,; t"t .. '-..;~:~.~·,~1:'.l~_;J~k~<~.:-:<.;i~J\ ·i .

Cement
:Wood'
-Ratio:

.1'N0rp,ill~L,Oq~e!y:~d !ModuJ.us ·of Ruptl!rel(MF'a):Modulus.of Elasticity .(oM Pa)
Density, Density, .. 'JNplk.~ami-' Lamin~'·r;'·Non-Lami"··'''Laminated .
.(.kg!mS) ,,(kg/m3). nated-, ~.:;r··li!r;.-" '~.:".: •.. : nated"y,~,;,,,.,.: ..;1 ,,,;

-'!.; 1:JU'! I..:~ I, .! 1,.!'; i i lj; .
.. J •.•' , ~. \0. •. ! "'~.i •"' '"J .'

·2;5:1 . ",;·1000· I~J~988~ .. ;C .• ' 5,,1711i 27.17Y~I":"/!'.,.lli1''''10'7'9I;i,'' ;,'3335

2.5:1 1100:'" "l089· ·.."~8.56..30.~0;~-.;;.\}illj· ',,1481j),,:. "".' ~~2~

2.5:1 1200 1230 11.50 . 36.07 . .~:. 2100·· 4497
'. ,"1 .; l ,~j •...:

2.76:1 1000 993 7.45 28.32":""" 1285'" 3424
\,"" .. ·11()0'·;:" ·;\"9.22'-'t·:\ .•..·;~\32:\53·:\~l\~\\li\I)n'1(5:53'f\ii\\·, 3913

2.75:1 .',:.,!.; . ,". ':>'~}1,~\.., .' i..r.,,:~ '. ...s: '. \;;;<\-:I'-. :i'.:,·,~\\\O .•:;'\i~i\ir.\i'.;,.'. ..' "~' "..
2.75:1...,. ,,120Q . 1245 . .12.64..' ~ .~41....32, .,.:;~~.:, . 2JQ8.~.. '. "5074.., : ~.. ':.~ .: :' '.. '., . .>/71" . \ \.~?~ .~~ .:........ ·.1,:400~:.;~i"\ '3372
3.0:l1"', ·/1..,1OQO", ,\ ,:1,9911)."'\' i'J .111.• -;'tj,' ·:.<.\I,.'·:\)\}~Xii:\tttt·J;'>·'\'\\·\f>I',~I'\\,L·~ ~.\.\··.:.';'M'•.,'.:,,(;~ , .

3.0;·1· '1100,"" .,1120· \..1 0,1.5 \ «;\~?~,9,~·N\';;{'I' :.:?:~,7.9·~~;"~i·'li,~~3~.
3.0:1 ,,'1200· '''249 ·\.14.30\";,::':,4i·55·.\ i

"
.; '~'i .:.,241~~"".,,,.:5211,.

. .' . . .. ". '.:. .' i..' .."; l~ '. ;l....•....·.,\ ,'-\"; .

---..

. .Each :Vil1uEll represents the ,!nean ..of !W~ replication,s;:.' .- .; .
•...• , ',"~~ ...•.1"" ..•.•. . •. ~ - ••.• \ '._ ~hn \.''''.P.\ \)J \ \~,; \'·~~·.:n\;:"f..',;\'\. . .

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



\

zs JOURNAL-OF THR T.D.Aj· '.

\
I

'J tt Is' obvlous 'from'the',Table·thaFthe· .wlth'increase-ln board',density;and':cement
three variable, 'factors in this' study' namely: wood ratio;}!;This.observa.tion agrees with
cement "wood'rfuio;'" board density' and reportsr~.'bYTprevious;.;;workers,.,~ (Moslemi
lamination" have-considerable lntluenceon et ~/; .1.983; aadejo,:l~a8 ·'and Oyaqade,
both' the' MaR and 'MOE'of theboard.rTha 1989). Theinfluenceof..inqr~asjng density
values of MaR 'ranged from 5.71 to 14.30 can be associated with' improvement in

"'J, • ' . stress' distribution within I; the' board' ae;aMPa for the non-Iamillated. board, and
, . . . . . resultof better 'interparticle contact causedfrom 27.17 to 42.55 for the laminated '

by; the 'increase', in 'board density. Also,board. For MOE the.i.values are in. the
with- increase in cement/wood ratio, more

ranqeof 1079 ~o,2418 M P?, and 3335 to cement-.•was.: available' ~"for.'} interparticle
5211 M Pa for . the.:O'o;n-laminated 'and, bonding: f.le,ading to .enhancement. of the
laminated , boards,":" res~ectiveIY. The board.mechanical. propertieS..:.,;,' '.'
observed Improvement .. In the flexural . -.'. . :',':. ( . ".' '~:'... : .

~.. properties as" a "r'esult"of"'wood 'veriee'f'" .,;~.",i<J,~Ili~,'t,~~jli~~co~ri'dh.isil~WJ>,j,';l,;',i:'\".;,":;j.-.,"; . ,!
lamination. of.the' board .ls approximately :' . . ..,
two to' three-fold' increase' in the proper; .': Within~~th~ ..ranqe, ~of:.study variables.
ties of the unlarnlnated boards, As earlier ernploved. in" tnis,.st~9y •. Modulus of
. - Rupture .. and .. Modulus ;:.of Elasticity ofnoted. the strength properties of the board ,., .'. "'" . . .
which include MOR' and MOE are '.1 .. cement bonded particleboard increased
. . . . '.. . with board density, cement wood ratio and
Important properties i.whlcn ..determine the, I:" .·~i'.' ,·,m·Th'.. ",I '. . I: f h b d, ' . . arntnanon.:" e'; aminal on '0 t e oar s
applicability of particleboard. for structural. r: b" 'h' / 'b' '. -. h . .. .. .. •.,':', " '.. ' . roug t·a. out ·t'«9.).9.t ree times Increase
.cornponent. ·..Thus ..·,or)' ..the baSIS of the, h'"-,"'.' . . h ''':~':'.'' 'f"" h b d. : .,. ·"-'·m'"'.t erstrenat +propetnes+o ··,t a .. oar .'
'improvement. In .tha.t.tlexural properue!?,."i·'T·h"·i;·····'d·!· 'I;"''',·:''';'db' d '. .. .' . . . e·woo·veneer'.C aminate .' oar s,.partl-, obse,rvfild•. larnlnation., With wood. veneer". , .., 'r ..., .

• 0-. / ••••• • • o· • •• 0 cularly!Jthose{Jproducedll;at',cement wood
can be considered .as a way to enhance . .;.... .. ..

. : '.". rauo.: III the range! .of 2,5:1 ,to 3.0:1 and
the boards utilization· as a ...structural d .... f 1200 k / r ld .

. ' , .' ensity 0 . 9 m3: .cou be satisfac.
component In the buildinq Industry.: '1" d . - ". I . I'.. . . ton y; use. as a·,semi. structure materia In

Bothzhe MaR and MaE increased ttvtl:?,uilding ~~n~vuction;Jndustry.
. r • .

. '1

. ,i;.j,'

Summary"
......,,., ,

.:.~~,i·>. !

, .
. :•~{.:.. ," L< 0.\' ,

Cement bonded wood particleboards ,'tIe~einade.' .I)si(lg . trop,i9.alha,r.dwood
;pecies at th;ee~ominal density levels of 1000,) 100~~nd 1200~gldJ~:\~nd·cement/
. 'rVo.od:·ra(i()~.:,.9f::~:S.:1!2.75,'1 end 3.0:1 .. ' Th9'.b~~~.dsw~r{tmarlu/(J,qJId;f!,[i,it .nomtnst

; :. . . :.,"'(~"'~':f'!'~~"""'': : ~ .•;"...;.;.~'•.., . ' .. ;'.\:"""-''1~. "~"'::,,""..~•.,.,.~.....;.•. ," .".::;...,;;~:,.."..•l·:,;:rt'l !·.•.I..;j.', ... " ;.~, I

board thickness '0('·'12 'mm and comprised three'/ilYt3..rSwith 0.25 mm thick flakes far a ..
9'mm thick core'iayerand sawdust for 1.5 mmthfck fac~/~yers. One.setot boards
was ilemlneted with 0.6 mm thick wood veneer,Whileanotli.~r§.firwas}DgValJl.i!J..atecl,.
The static bendinq (Modulus of Rupture) 'v~iue~f~r ~o;'"t~minated'and'la~i~~ted
boards ranged'fro',;,' 5.71. to '14.30 MPa iJnd'27'.>17"to'·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 ~oarcj"ard,333.5to 521.1-MPa for the laminated
boards. Generally, the increase in the .vetues pt, the flexural properties caused by
lamination is about two to tbree times the values observed.for non-laminated boerds,
The boards were stronger' and stiffer with increase 'in cement wood ratio and board
density. .,,:."I:':',,~,,:~, '\:~l,:' ",:",\1; -,.'~':ii\(\i~:;\~i(1:,\.;\)b'N•.,\\\.~\~~\t)W') > -', ,;

,":' r" I" -_, '-';i" :, '~ef'~'~:~~~~\;'::·,':;,i:~::.':~~:i~-\;,~':.:;,<'>.\";_,,,'
, '-,' ..., ",.-" 1""""'-'1,' , • ,'. J~Oi '':.)I··bn11nf'~·'JV:~l:I. 1i,JJ·.":'I~:{'·.. ~ii:;; ,.. i • J, J..I " ~

8adejo. S.0.0.:1988. ' Effec't of geometry on proper: T,_.,~;!~~:,~'~~7!3:\;';',:\::'i;~':~)~i._~~:~.:
-, ties' of cement-bonded particleboard from mixsd 'Ill •.~I" t, • ".I:""\.\\'.,.N',,~~'-'I\,,_'I.)'; ! -bl);)'-, ..•

tropical hardwood. Wood See Tech. 22 : ~57-370. .:-.,German. ·Standard:.':DIN~';68761 sheet 3: '''Particlo-
board; Flat-pressed. .Boards .tor -'Building -Purposes.

British Standard Institution. 1971. BS 12: Part 2: Quality Requirements; Testing and Properties".
'Specification for Portland cement, BSI, London. "'--"'-:;:- ':,: ,"fC:1o'<"l'-'r.i".'J,:.,.· ::'~;.IL'it'1.. ,,: -

\' -i: . - . :-. Mosleml, A.A. and S.C, Pfister 1987 ••.-The influence
Deppe, H.J. 1974, On the production ano appli- of cement/wood, ratlo.. and cement type on bending
cation of csment : wood - chipboards, Proc, 8th ':}_~-'strenqth and dimensi~rial ' stability: 'of' wood-cement

-, Washington: -,'State' unversltv Int. Symposium on \(~-:composite' panels .. Wood a~d Fib.1 sa.: 19' (2) :
Particieboerd.. . T.M. M~loney (Ed.) pp 267-287.- ' :;. 165-175. I" -: • '. •

Dinwoodie, J.B. (1978). Wood-cement particle-:" Oyagade, A.O. 1989.' Effect of cement/wood ratio
board. Building Research Establishment lnforrna- ',on the relationship between cement bonded particle-
tion. ' CI/SFB/IS2/78.Princes Risborough. 'board density and bending propertles., _Journal of

'Tropical Forest Science 2, (2) : 211-219.
,-

Dinwoodie, J.M. -(1981). Characterising the per-
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