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ABSTRACT 
M o d h  of Ruphm (MOR) ad Modulus of M c i @  WOE) ofveneer h h a t e d  
wood cement pan4 were e v a l d .  Iho boards mn made of 3 layers comprisiq . 
1.5 r m z l t h i & m i x e d ~ ~  sawdustforth~bw surfaces, and 9mmthickcore 
layer made of plantation grown Gmellna arboma flakes. Three varjabIes were in- 
vestrgated namely: .Demity at three lev& (1000 w3, 1100kg/m3 and 1200 kgl 
m3), Cam& wood ratios of2,5:1.0,2.75:I.O and 3.0:l.O and glue spread of 1.02 
kgh2, 1.43 kg/m2 and 1,74 kglm2 double due line @GL) for the boards 
1amination.For all the treatment combhatiom, the the MOR ran@ fmm 26.79 
Nlmm to 42.59 N/mm2 while for MOJ3, the mean vafue was in the range of 3 1 14NI 
mm2 to 53ION/mm2. At board deasity level of 1250 l@m3 the laminated panels 
gave value of the & k t  MOR and MOE. Statistical analysis showed that the three 
variables considered in this study had significant on the board strength. 
Key Worth; Proma variable+; strength properties; cement-bonded and 

partide board. 

XrnODUCrION 
Cement-bonded particle board is a composite panel product produced from wood and other 
ligno-celhdosic materials, mineral binders, additives and water. The production and utilization 
of this product in the developing &untiies became popular hh the 70s when prices of&olaun 
products increased, thereby affecting the activities of the petrw-chemical industries which manu- 
facture the organic resin us* in the panel product fnanufacbhg industries (Badejo 1983). 

Due to the scarcity and expaiveness of petroleum b a d  systematic binder, increasing re- 
search interest &re being focussed on the development of &amative binden' for wood based 
panel productioh both in the developed and developing counhiea. An alternative binder which 
has generated considerable interest is cement for the manufacture of particle board because ' 
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cement can be sourced lodly in many CO&. The industrid devdopment cif particle bard 
with r;ement as bider in the tropical countries has hen hindered. The major reasons which 

. account for this is non compatibility of  most tropid hadwaod with cement. T b  problem is 
attributed to high content of chemical substance8 which are inhibitory to the setting of cement 
paste in hardwood species. These inhibitory subs- W d a  tannin,hemi-~e1luIoges, simple 
sugar and phenolic compounds (Simatupang,l986) . Hot water at varyiag tempentime levels 
and chemical additives like Calcium chloride have however been applied on some tropical 
timbers found in qigcria with resultant e&t ofpossible board production from them (Badejo, 
1989). 

The acceptance of wood cement board can be associated with many of its admirable propperties 
among which is its potential as very good comtructiond materid of repute for building low 
cost houses. The board is highly mistant to m o b  uptake and decay, noise, heat and fire 
attack. It b highly mistant to termite attack due to high alk:&ity ofthe cement binder and has 
been adjudged to perform well with mpect to long exposure to hctuatiom in weather ele  
ments. Wejo,  1988). Over the years, researchen have beexi able to show, the iduepce of 
production variables such as wmd factor, cement, chdcal addhe and water in the wood- 
cemcnt mix on these quality of the boards formed. Badejo (1988) and Oyagade (1990 both 
obswved that wood particle geometry exhibits sipiflcant Muence an properties of boards 
produM. Apart from particle geometry, o k  wood factors that && board quality include 
elasticity, moisture conkmt, s p d ~  p v i t y  and @ah W o n  (Sirniatupmg ef 4 1978). Also 
the type of cement and wood-meat, ratio were reported to have dgnikmi effect on the board 
qualitiw (Badejo 1987,Oyagade 1988, Mdemi 1986). 

1 

In spite of many 1audabIe qualities of wood cemait panels, maqch fd& have indiited that 
the major threat to the total acceptance L the high density. Although wood cement panels have 
been produced in the past using Werent board d d t i e s ,  the densities fur commercidy manu- 
factured panels range from 1 100 - 1300 lrgJm3 (Oyagade 1990). These high densities which are 
approximateiy twice that of chip board and the abrasive nature of the c;ement stimulate high 
wearing of cu~ting tools. Inmasing research &om have been inten&d with the objectives of 
reducing the panel density and s h l t m e ( 3 u a X y  impdngits &m@ properties. These objectives 
have been achieved througl~ manipulation of the board process v&bIes which can innuence 
the density and o k  relationship that may exist between the density and the strength proper- 
ties. Oyagade (1990) observed that the board deasity is linearly and goaitively correlated to the 
bending properties of wood cement paneIs when wood-cement ratio is held constant . & pre- 
~sented out by Oyagade (I990), it is desirable that the denshy be rduced to d o w  easier site , 

handling whik still retaining the qualities. 
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The objective of this study M o r e ,  is to ~~ the &st of three process variables (density, 
mixing ratio and glue. spread) on techidly accepted 3-layered, m o d  cement panel using 
mixed tropical hardwoods. The flexural. cham&&&= of the board so produced be also assessed 
on the basis of Modulus of Rupture (MOR) and Modulus of -city (MOE). 

MA- rn MF,TEODS 
a e d  coarse aaw dust of some Nigerian hardwoods was coUectwl ffom saw mils located at 
Ibadan, N i g h  while the Wea were obtained h m  plantation grown Gmelina urborea bolts, 
The co1lected saw dust was spread in the sun to prevent fungi attack and wols later sieved using 
2mm and 6mm mesh sieve in order to remove hs, md to screen bark and oversized patides 
which are not suitabIe for pmd fabrication. On the other hand the plantation grown Gmelina 
arbom bolts were seasoned in the log yard of f o w  Resex& Institute omgeria 0 for 
8 we& after debar- The Lessoned bolts were chipped into flakes of about 2.5m in length 
and 0 3 5 m  in thihess. Both b e  saw dust slnd ibkes were pre-treated with hot water at a - 
temperature of 75% and later &-dried to rnoigture content pf about 12% prior to panel fabeca- 
tioa 

Mineral binder and additive 
The mineral bider used for the study is PortIand cement p u m M  in standard b a g  of 50kg 
arid having a class strength of p350Z. C a i k  doride (CaC4) at concentration of 3% of 
cement weight in the standard board ww usd as the additive. 

Experimental design - 
Three v W i e s  were investigated in the study: 

(1) Cementlwood ratio: 2.5: 1.0,2.75: 1.0 and 3.0: 1.0 (baaed on oven dry weight ofthe'board. 

(2) Board density: 1 000kgh3, 1 100S,d and lZOOkg/m3 

a (3) Glue s p d  for lamidon 1 .02kg/m2 1 .43kg/m2 and 1.74 k@m2 (double glue l i e  DGL) 
of the board m f m s ] .  

A combination of the above variabies gives a 3 ~ 3 x 3  fbtorial layout resulting h 27 experimen- 
tal treatment combiitions. 
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Panel Fabrication Lamination and %ling d 

For panel fabrication, the required q W t y  of wood, cement, water aad'additive were sepa- 
rateiy weighed into plastic wntaincnr. Thc Additive .was bissolved in water and the solution 
added to the wood. The amount of wates applied for mixing was based on the formular d d -  
oped by Simatupang (1 979). The measured cwnent was then slowly added and mixing w a ~  
done until a homogenous cement-wood mix was formed. Tbismixing procedure was separately 
carrid out for the saw dust and the flake cure layers of the fit6ricated panels. The mats were 
then h d  - formed on metal plates inside wooden boxes befbre being tamped to the required 
thickness of 12mm on a manually operated hydraulic press with a pressure of 1.25 N l d  f ~ r  a 
period of 48 hours. Following the 48 hours press cycle, the boards were stripped from the caul 
plate and kept h i d e  a polythene bag for 28 days optimum strength. They were later stacked 
in the conditioning room at temperature of 2 1 +2 C and r&tive humidity of 60 &2% for another 
3 5 days to attain a moisture content of about 12%. 

At the attainment of the desired moisture content (1 2%) the boards were veneer laminated. The 
required quantity of glue and hardener were measured and little amount of cement was added as 
an extendm. The materials were thoroughly mixed tog* bdofe addition of water. Ugng an 
open assembly time of 15 minutes (after coating the veneer with &e) the boards were later 
cold prwed for 8 hours using 1 .23NImm2 pressure. The laminated boards were dowed to stay 
for 3 days before being cut and tested in accordance with GenmEln Standard DIN 52364 and 
DlN 523 65 of I965 on the ~ d e i d  Tensometer Machine type W. 

RESULTS AND DISCUSSION 
The mean Modulus of Rupture (MOR) aud mean Modulus of Elasticity WOE) obtained from 
the experimental pan& for the various treatment combinatiom are listed in Table I .  The analy- 
sis of variance (ANOVA) of the obswved vdues is presented in Tab16 2. 
Mean MOR values ranged from 26.79N/mmZ to 34.62N/m2 for DGL 1.02kglmZ and 27.20N1 
mmZ to 39.01Nlmm' for DGL 1.43kg.m3 and 28.31~~mm~ to 42.59N/mma for DGL 1.74kM 
for the three mixing ratios and the 3 densities. The MOE values on the o&er hand ranged from 
3114 N/& to 4234 Nlmm3 for DGL 1.02 kg.m23336 N / d t o  52 09 N/mmafor DGL 1.43 
kglmZ and 3 500 N/mmz to 53 10 N/mm2 for DGL 1 .74kg.m2 for the three mixing ratios. The 
results obtained in this study conform with the werage MOR of 42.55 Nldreported by Oyagade 
at al ( I  995) for standard panel thhhess (1 2mm) and 1 -43 kg/m2 DGL. 

The-analysis of variance for the Moduhrs of Rupture WOR) and Mobs of Elasticity WOE) 
data as presented in Table 2 revealed that the three main &cts used for the study (density, 
d g  ratio and glue spread) were highly significant at 0.05 level of probability, ~ G l a r l ~ ,  the 
interactions between the process v&Ies were significant at 0.05 level. of probability. The 
results were graphically depicted in Figure 1 & 2 showing the Muenw of theVpanel density, 
mixing ratio and glue spread on the strength properties of the fabricated panels. 
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Table 1: Mean Values for Modalas of Rapture W R )  and Modukls of Elasticity WOE) 
for the Veneer L d a t e i l  Wood Cement Board 

S/N C~mmt/Wood Glua Nominal AofualD-ity MOR MOE 
spread Density O@a w-7 wm? 

27 I( I t  1200 . 'I250 42.59 5310 
"Each value is the mean of 4 samples per treatment combination. 
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X&ie 2: ANOVA Of the effect of board density Modules of rupture (MOR) and Modulus of 
elasticity (MOE) of the fabricated panel 

Modulus of Ragture ModuIw of EIas#icity 
Source of DF SS MS SS MS 

Density@) 2 1489.3948 
Ratio (R) 2 1 17.868 1 
Spread@) 2 276.65 57 
DR 4 18.3839 
DS 4 69.4443 
RS 4 12.2625 
D M  8 13.1692 
Error 81 38,9245 
TOTAL 107 2028.0030 

* * Highly s w c a n t  a t  0.05 level of probabilty 
* Significant at 0.05 level of probability 

There were vhation between the fabricated p& no@d density and the actual density. This 
could be ascribed lto spring back effect, the degree of which is innuenced by the cement-wood 
ratio in the fabricatd panels. The MOR of the fabricated panels increased with i n m e  in 
density, cement content and glue spread. It could then be submitted that the mast favourabIe 
panels in terms of strength we those fab~cated with density 1200 kg/m3 cement, wood ratio 
310: 1 and glue spread 1 .74kg/m2 DGL. 

CONCLUSIONS 
Within the range of the data coIIscted in this study tnnd &sequent factorid statistical analysis 
the following cunclusiion are drawn 
(i) On a laboratory scale, it is ZecbnicaI possible to produce woodement-panel from 

mixed tropical hardwood saw dust (for face layer) and Gmeliraa mborea flake (for 
core layer) 

(ii) Modulus of rupture and modulus of elasticity of the fabricated panels increase with 
increase in broad dwAty. 

(iii). It is twbnicdy feasible on a laboratory scale, to veneer-laminate wood cement panel 
using appropriate ndhersivw aad formation 

(iv) The board strength increases with h1crease in the glue spread. . 
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Fig 1 : ~ d p a D d d m P i r y , g t t l s ~ d ~ ~ ~ o n M O R D f - ~ ~ p a D d ~ & ~ .  
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