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NlGERlAN HARDWOODS AT VARYING WATEWCEM ENT RATIOS 
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ABSTRACT 

INTRODUCTION 
Mixing ratio is an Important variable in wood 

cement board producfion as resin content ls to 
tesin-bonded particleboard. Only limlted literature 

' 

are found indicating the Influence of mking ratio at 
varying levels on properties of cement-bonded 
partkleboard (MamIoka ct a!. 1972; Prestemon 
1976; Xia f 982: Badejo 1987, Oyagade 1990). The 
reported research of Dinwoodie (1978) and lida et 
a1 (1983) only made use of this production variaMe 
at a specified level, Using mixed wood particles of 
ficza jeroensis'and Ables saccharlensis, Namiaka 
d al(1972) studied the influence of t%menWod 
rnbthg ratio within the range of 1.5 to 2.5 on 
properties of cement-bonded partlclsboar+ and 
reported that static bending strength decreased 
wtth Inwease:yse of. mixing ratla (a measure of 
cernenb'b'rixle~ ccoiif'ot in 'board). Thickness 
swelling of the boards however dmreased wlth 
increase use of c e m e n M  mtxtng ratio. THs 
Indicates improved board dimensional stability with 
Increase In panel$ cement binder wntent 
Prestemon (1976) showed that increased use of 
cementlwood mixing ratio manifested In improved 
properties of the panels in retatbn to static bendlng 
strength and stlffnsss; compression parallel to 
surface; tensile strength perpendicular to surface; 
and nail withdrawal resistance. Slrnilaffy, panet 
made with Increased use of cement binder content 

. - were the m$t  dimensionally stable. Badejo (1987) 
investigated the influence of cementlwood mixlng 
'ratio at elwen levels equispeced b e k e n  2.0: 1.0 
and 3.0 : 1.0 of cement to wad on cement-bonded 

- 
The study was carried out to investigate the influence of mterl*emsnt ratlo on the moisture 

response and mechanical properties of wood cement panels fabricated with mixed hardwood species. 
The experimental boards so produced were subjected to mdulus of rupture (MOR), modulus of 
elasticity (MOE), water absorption (WA), thickness swellng (TS) and llnsar expansion (LE) tests. Data 
collected were subjected to statistleal analysis using ANOVA and multiple linear regressions 

MOR and MOE ranged from 4.94 Nlmm2 to 11.63 Nlmm2 and 2340 Nlmm2 to 4880 Nlmm2 
respectively. Strength (MOR) andatiftness (MOE) of the boards lnaeased as watericement ratio was 
raised from 0,50 to 0.60. W ~ i n  these ranges, more dimensionally stable cement-bonded particleboards 
were obtained. As waterle'ment ratio was hawever raked from 0.60 to 0.65, weaker and inferior boards 
were produced. The results of the multiple regresston analysis showed that waterlcement ratio (WCR), 
cementhood mixlng ratio (MR) and board denslty (BD) m r e  posithrely correlated with MOR and MOE. 
Water absorption (WA), thickness swelling (TS) tests ranged from 16.27 to 48.82% and 0.49 to 2.30% 
respectively, Statlsticat analysis of the results showed that the process variables WCR, BD and MR 
were slgnikant at 1% level of probability on WA and TS. Moiture yptake and swelling of .the panel 
deweased as waterlcement ratio was raised from 0.50 to 0.60. Infedor panels were produced when 
waterlcement ratio was Increase beyond 0.60. Therefo~ 0.60 was conslderd uptlmum level for boam' 
fabrlcatlon In this study. 
Key words: wood cement panels, bendlng properiies, sorption properties, mixed h a r k s ,  
water/cemenl rat10 

partlelcboards fabricated from four tropical 
hardwoods - Mltmgyna dI!8ta, Triplochit~n 
sclerawylon, Tenninalia, superbe anQ' Ceiba 
pcntana. The findings of the study showed that 
strength and stfffness of the experimental panels 
appeared to be associated with the densities of the 
wood species used. The mlxing ratro range of 2.0: 
1.0 to 2.4:l.O produced the most favourable 
results. bn the other hand however, thickness 
sunelling decreased with increased use of 
cementhood mixing ratio fqc each of the hardwood 
species. Oyagade (1 990) hvestigated the effect of 
cementhumd ratio at levels of 1.55: 1.0, 2.33: 1.0 
and 3.10 : I .O on the relatlonshlp behrveen cement- 
bonded partidehard densities and bending 
properties using w a d  samples of Picea abies 
( N o m y  spruce). At constant bo,ard density, 
decrease In bending properties with Increase h 
cementhod ratio was observed. 

Fuwpe (19Q5) reported on the influence of 
cement-wood ratio. on strength properties of 
cement-bonded . particleboards from Spruce at 
levels of 90130, 60140, 50150 and 4W60. The 
results indicated that MOR and MOE as wet1 as 
internal bond (18) decreased with decrease In 
cementlwood ratlo, However, wIthjn above similar 
range of cementhood mixlng ratio, Fuwape (1992) 
had earller reported that thickness swelling and 
water absorption Jnweased with decrease in . 
cementhood ratio applld for cement-bonded 
particleboard production from Sitka spruce. 

. 
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Water is required for homogenous mixing of 
h e  cement binder with the wood particles, Sirnllar 
to what operates with concrete, the & t e r n  of 
wood-wool boards has b@en reported to vary Wlth 
the amount of water add& (Yamagashi eta/ 1 g80; 
Yamagashi et el. 1981). The optimum water- 
cement ratios decrease with increalng density of 
the bards and Increase slightly as the sizes of 
wood partides become smaller. For the highly 
comprtmed boards such as cement-bonded 
particleboards, a M e r a m e n t  ratio of 0.40 of the 
cement wight In the board Is generally used to 
estimate the qyqnt#y of wter applled when mlng 
W E O O d 8 0 f ~ ~ d 4 ~ 4 3 4 ~ s t  
al1978). Experimenting with waterhernsnt ratios 
of 0.50, 0.55 and D.60, Yamagkhi et at (1981) 
reported the ratio level of 0.55 as the optimum 
requtred for the manufacture of cement-knded 
partideboards from wood flakes of Larch W i n  
board specific gravity levels of d.05 to 1.08. Ha 
(1982) Indicated In hts study that an optimum 
water-cement ratio of 0.65 is required to 
manufacture Stayered oriented cement-bonded 
patjclehards from the wood raw materials used. 
Oyagads (1908) investigated the influence of 
cement-water ratto at b u r  levels of0.45,0.55,0,65 
and 0,75 on properties of cement-bonded 
particleboards made from Picea abks (Noway 
spruce) and reported that the level 0.65 produced 
the most favoura ble results. Although studies have 
keen undertaken to assess the effect the eft&& of 
waterlcernent ratio on static bnding and moisture 
response properties of the cement-Mnded 
pertfcleboards, h m e r ,  very i m M  Investigation 

I have ben directed at eshblishing the upblmum 
lwel at which mter  can the applied ta produce ; high qualty pmdeboerd aspdally lrDm rnbted 
tropbl hardwood species. The study $ therefore 
Id;IHated to assess the sorption and static bendlng 1 properties of the boards produced at varylng 
waterlmment ratio Mth a view to determining the 

I uptlmum level 'at which the production variable can 1 be applied. 
* : .  

I M A T E M I S  AND METHODS 
1 ,Ule%M hjr- species for the study 

are: ~flpfoch#on'&mx$on K Schum (Obeche). 
Termihalia Ivmnsis A Chw. (digbo) TermfnaIla 
supenba Eng. & Dids (Afara), Brachystqiia 
n i p &  Hoyle & A.P.D. Jones (Okwen), Khaya 
h n d s  A Chev. (Lagos Mahogany), 
N~sOgord~fa papamifre A C hw. (Dada - Oro) 

- Teclona grandls Unn. F. (Teak), Gmelhe anbwea 
Rox b. (Gmelha). 

wood w e s  of the atwe s e l e ~  spedes 
wera collected from sawdlbwhich operate around 
lbadan In Oyo state, The wood wastes cobcted 
from sawmills were p l e d  together aecordhg the 
spcles type and screened with the aid of wire 
mesh to remove tao fine partielas and barh forthe 
tot. The screened particles were subsequently 

spread out on plywood moulds and air dried for 28 
days to allow for gradual diilntegration of the 
starches and other sugar In thewood that can slow 
down the's&Mg of cement Mnder. The airdried 
particles wre later properly bagged and kept In the 
laboratory prlor to hot water pre-treatment Hd 
water pretreatment of the particle for board 
production was carried our In atcordance with 
procedure deyelopd by Slrnatupang 1974 and 
modified by Badejo 1994, 

Experimental designs and procedures; 
T h r e e p r o e e s s ~ ~ ~ f & k m  

bMcdbn tA the 6mm thick experimental panels. 
These are waterlcement ratio by weight at four 
levels (0.W, 0.55, 0.60 and 0.65), two bard 
density levels of 1100 and lZOOkg/m3 and 
cernentfwood mbtlng ratlos at two levels of 225: 
1.0 and 2.75: 1.0. The combination of the a w e  
produdfon inputs Is a three factors factorial 
experiment which manifested In 16 treatment 
combinatIans. For each of the 18 treatment 
wmblna#ons which were involved in this factorial 
experiment (2 x 2 x 41, four replicate panels were 
made tn order to provide adequate test specimens 
for the experiment. 

RESULTS AND DISCUSSIQMS 
Modull of rupture and elasticity; 

The complled averages of the Moduli of 
ruptyre and elasti* (MOR and MOE) test results 
for each of the 16 experimental treatments arc? 
Gummarked in Table I. As shown in the table, 
MMi and MOE r a w d  from 4.94 Nlrnm2 to 11.63 
Nlmm2 and 2340 NhnmZ to 4880 NIm2 
respectively. These range values, as obtained for 
this study, compared favourably with MOR rage 
values of 3.28 Nlrnrn2 to 10.46 Nlmm2 and 4-23 
Nlrnrn2 to I j.92 Nlmml. as well as MOE range 
values of 22W Nlmmr to 401 0 Mlrnm2 and 1950 
Nlrnm2 to 4140 Nlmm2 reported in literature 
(Dinwoodie 1 g;rS18iion-Werke 1981, Badejo 1999 
and Bade]? et at 201 1 ,). 

Factorial anaIysis of vadanee of the reiults in 
tabte 2 shows that the levels at which the 
Werlcement raUo and the other hw vairab1~ 
used along with it (cernentEwood mbcing ratlo and 
hard  dens@) had significant effects at 1 % level of 
probability on MOOR. These production variables 
produced similar effects on MOE except for bard 
density which had signlflcant effect on this 
dependent variable at 5% level of probability, No 
two-my or three-way slgnlfi a n t  Interactions were 
found beheen and among wwe three produdion 
variables on MOR and MOE. These, findings are 
graphically depicted in figurea 1 and 2. At each of 
the tw mixing pt io  levels of 2.2530 and 2.75:f.O ' 
applied in this experiment, MOR and MOE of the 
test panels increased as the waterlcement ratio 
was raised from 0.55 to 0.a. This means that 
apphtion of waterlcement ratio beWen the 
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SORPTION AND BEIVDINQ PROPERTIES OF WOOD CEMENT PANELS 

levels of 0.50 and 0.80 manifested In the 
produdon of stronger and s f i r  cement-bndd 
particleboards from mked particles of the eight 
hardwood spedes. Raising the waterfcement ratio 
oftha experimental panels beyond the levd of 0.60 
to 0.65 however led to prduction of panels wtth 
weaker strength when tested. The trend of 
inftuenm of the waterleernent ratio on MOR and 
MOE of the panels at each of the board denslty 
level used in the experiment Is simlhr to that of the 
cementfwood mbtlm ratlo. At each of the two board 
density levels of 1100 and 1200 Wm3, strength 
(MORJ and stiffness (MOE) of the test panels 
increased as waterlcemenf ratio was raised from 
0.55 to 0.60 beyond which a decrease was 
oherved at the hIgh& level of 0.65. 

- The results of the NewmawKeuls test carried 
out to determine the significant differences In 
treatment means w e a l d  that the mean MOR 
value of 8.71 Nlmm2 obtalned the waterlcernent 
ratio of 0.50 was significantly higher at 5% lwel 

'than the mean values of 7.83 N/mm2 and 6.95 
Nlmma obtalned at lower levels of 0.55 and 0.50 
r~pecthreb. it was also slgniflcantly superior at 
5% level than mean MOR value of 7.17 Nhm2 
obtdned at the highest waterlcement level of 
0.65. The cement-bonded particleboards made at 
the highest ratio of 0.65 Is so Inferior that the mean 
MOR of 7.17 N/mm2 obtalned at this level was 
found to be inslgnMcantly different from the mean 
of 6.95 Nlmd obtain& at the lowest ratio of 0.50. 
Furthermore, the mean MOR values of 9.50NImm2 
and 8.11 Nlmm3 obtained at the higher 

. cernenWod rnkipg ratio twel of 275:l.O board 
density. Iwel of 1200 Wn3 were stgnlffmntly 
higher at 5% from the mean MOR values 5.83 
N/mm2 and 7 . Z  Nlmn? obtained at the lower 
levels of 2.25: 1.0 and 1100 kgha respecthrely. 
The trend of cornparism ofthe treatment means for 
MOE Is exactly similar to that of MOR. 

The resub d the regression analysis to 
determine relationship between the signlflcant 
factors and MOR and MOE as llsted in table 3 
showed that waterlcsment ratio, cerne@hod 
mixing fstio and board density were poBWdy 
correlated YJ MOR ' and JMOE. T*s muttiple 
r e g W - q a a t i o n W h i c h  relate MOR-and MOE 

. to the three produdon variabtes applied in this 
experiment, Mth their cwrespondlng corr@MIon 
cdlldent, R values are IndicaW presented In 
table 5. 

The coefficient of d&ermindon, R2 VaiUe8 
obtained from the stepwise regression analysls 

. s k  summarked in fable 4. Results showad that 
derlcement ratlo and board density were waWy 
correlated with MOR from pomputed ~rrelat isn 
coefficient, R values of 0.089 afid 0.221 
respectfvely. The simple regr-ion equations 
whlch relate waterlcement ratio and board density 
to MOR gave very low coefficient of determinaffon, 
R2 values of 0.008 and 0.049 mpectkly;  

meaning that only 0.8% and 4.9018 of the total 
variations of MOR can only be explained by these 
hrvo produdon variables. 

The pair of waterlcement ratio and board 
density also gave law R2 values of 0.057 on MOR 
that is, wrplalnlng cmw 5.7% of Its total vartatlons. 
On the other hand, hlgh correlation coefficient, R 
value of 0.901 was ghren by the simple rqresslon 
equation whlch relates mbtlng ratio wtth MOR. As 
s h o w  in Table 4, the wefkient of detsnhatiofi 
R2 value oMahed implies In effect that about 
81.2% of the total varlatIons of MOR were . I 

explained by cementhood ing ratio. The pairs of 
mixing ratio and wafer ratio as well as mixing ratio 
and h r d  density respedhrely accounted for 
82.0% and 86.1% of the total variations of MOR for 
which mixing contributed significantly In each case. 
Cementhood ratio, on the other hand, was well 
correlated with MOE based on wrrelation 
coefildent, R value of 0.863 obtained from the 
simple rqr-lon equation which relates A to thls 
static bending property. 

From this finding, waterlcement ratio and 
board density were weak predictors of MOR and 
MOE while cernentfwood mixing ratto was a strong 
predictor of these two dependent variables as 
carried out in thls experiment. 

Water absorption and thickness swelllng 
As summarized in table 1. the compiled mean 

values for the WA and TS ranged from 16.27 to 
48.82% and 0.49 to 2.30% respectively. These 
range values, as obtalned for thls particular study, 
compared Woufably with the range values 
reported in the wrk of Oyagade (5990), Fuwape 
and Oyagade (1 993) and Badejo (1 988 and 1999). 

Statistical analysk of the result ahawed that 
wat@rfc&mant, cementhuPod rnbring ratio and 
board density were e@niflcant at 1% level of 
probablli on WA and- .TS. No s i g n h n t  
interadion was found between and among the 
three production variables uskd In tHs study. 
Moisture uptake. and swelling of the panels 
decreased as the waterlcement ratio WE raised fro 
0.50 b 0.60. Inweaslng .the waterlcement ratio 
byond thk level to 0.65 manifested in produdon 
of inferior panels which produced increased WA 
and TS values when tested. T h i  trend of behavior 
was obsenred at each of the cementhod mixing 
ratio levels of 2.25:l.O and 2.731.0 applied in the 
study. Again, panets made with increased cement 
binder content at the cementhod mkrlng ratio 
level of 2.75: 1.0 were mom dimendonally stable as 
they produced lower WA and TS values when 
tested than those panels .made at lower 
cementhod mktng ratio level of 2.231.0, As 
shown In figure 4, board density Influenced wafer 
absorption and ,thickness welling of the 
experimental panels in a similar mariner as that 
o k r v e d  for cementfwood mixing ratio. At each of 
the waterlcemsnt ratio levels of 0.50, 0.55, 0.80 
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and 0.65 applied in the expriment, WA and TS 
values obtained at the board d e w  I d  of 
1200kg/mS wre Iwer than those g k n  at the level 
of 1 1 ~ l m ~  Board density hwever has a more 
decided effect on thkhmss mll tng than -tar 
absorption of the qrirnental  panels when judged 
from the w#er gap tfiat e x b  Mwen the two 
board density curves Illustrated In Rgure 4. 

Newman-Keuls tests Mi& anabed the 
. significant dtfferences bWeen the treatment 

means for the process variables s h o w  that the 
mean WA of 34.16% obtained at cementhater 
ratio of 0.60 was signiReantly tower at 5% and 
therefore superior with respect to dimensional 
&ablthy to mean values of 39.1?%, 40.08% and 
45.70% obtafned at the other levels of 0.65, 0.55 
and 0.50 respsctklefy. Slmlarly, the mean value of 
37.93% (WA) obtained from panels fabricated at 
i nwead  cement binder of 275:l.O was 
significantly lower (an indicatkn of improved 
dimensional stabltty) at 5% than the mean WA 
value of 41.62% obtained at the lower ratio 
cetnentfwood mixing level of 225:l.O. This trend 
was also observed at different nominal board 
demities. Absence of signmcirnt dierences 
betwen the mean .of 0.76% obtakd at the 
cementEwabr ratio h e !  of 0.60 and mean values 
of 1.01% and 1.1 1% obtained at the lev& of 0.65 
and 0.55 respdwly  notwithstanding, rmub 
s M  that thiclcnw s\nrelIlng values mistently 
decreased as the watw/mment ratio was,.nised 
from 0.50 to 0.60 

The r ~ u l t s  of the regression analpb show 
that the three independent variables applied in the 
experiment wen neptiveIy and linearly correlated 
with WA and TS. The multiple regression 
equations which relate WA and TS to the three 
production variables, with their corresponding 
vaIuea of correlaUon efficlents, R are as indicated 
In hMe 6. 

The regrsslon performed on TS was , 
significant at 1% level of probabjlity. On the other 
hand, the regression performed on WA at 1% Iwel 
of probability Is not slgniflcant (Taple 4). The 
sjmple regrsssion equation which rel8tes each of 
the @be production .variables :with WA gave 
&iei%bn od-efiiclent, R values of 0.228, 0.114 
and 0.400 respectively. For these low values, they 
were weakly correlated vvWl the moisture response 
property fhe low coefficient of determination, R2 
values of 0.052, 0.013 rid 0,160 obtained from the 
three simple regression quatioras s u g g d  that 
WA cannot b predicted from waterlcement ratio, 
cementlwood mixing ratio or board dsnslty atone 
as each accounted only for 5.2%, 1.3% and 16.0% 
r e s m e l y  of total variations of WA 

The combined paIrs d waterlcement ratio and 
board density as well as cemenWmd ratlo and 
board demity gave W value6 of 0.721 and 0.678 
respetiiety. This implies that each of th-e 
combined pairs explained up to 72.1% and 67.8% 

of the total variations noted In TS. Unlike b 
Influence on WA, waterlwment ratio, 
cementhod rnkirg ratio, and board density are 
MI carrdated wlth TS in a multiple regmion 
equation Mkh relate them to this moisture 
response property (melation coefflchnt value d 
0.913 was obtained). 

The test data listed In TaMe 1 generally 
revealed an Increased knprwement In board 
properties at Increased Ievd of ma of 
waterlcement ratlo. The inferior boards obtained at 
the tower waterlcemmt ratio lwei$ of 0.50 and 
0.55 muld be attributed to Insumclent water 
needed to promote adequate Mending and uniform 
coating of the cement binder on the wood particles 
(both sawdust and Aakeces). At the Waterlcement 
mtio level of 0.55, more water was available to 
achleve this desired objecthe than at the level of 
0.50; and at 0.60 levels, more water was again 
available to thoroughly wat the cement-wood 
partick mix than at the level of 0.55. In effect 
thereforeA increasing MOR and MOE as well as 
decreasing WA and TS values were observed as 
Werlcement ratio inaeased from 0.50 level to 
0.60. As the waterlcernsnt ratio was raised from 
0.60 to 0.65 Levels howwar, Inferior pan& which 
exhibit lowr  strength, dimes6 and mdsture 
responm values when tested were obtained. What 
was observed to have happened at the 
waterlcement ratio hvel of 0.65 was not that of 
insufficfent water to coat the cement-wood particle 
mixes but avaitability of excess water. Wtth too 
much wte r  In the mix&, the volumes of the 
Mended material-ment, sawdu-ake partides, 
w te r  and chemical additive were noted to shrink 
considerably. As a result of this shrinkage, the 
thickne~~es of the matheSses, which used to be 
1.5 to 2 timea the nominal thickness of the boards 
to be made, prior to p r e h g ,  was foulad to have 
reduced considerably: Thls observed phenomenon 
led to Insu~clent consoMation an the mattresses 
during 'pressing and consequently production of 
weak and porous boards whkh gave low MOR and 
MOE as. well as high WA and TS values when 
tested. In essence therefore, the study has Marly 
demonstrated that insuffldent water in a cement- 
wood partlde mix would entail production of low 
quality cement-bonded particlebards while 
addition of ex- water to the mix would similarly 
produce weak experimental boards. 

The noticeable decrease h MOR and MOE 
values; as well as increase In WA and TS values 
as #e wterlwment ratio was r a m  from 0.60 to 
0.65 may be further Mbuted to the strength of the 
hydrated cement whl* .bonds wether the 
smdust partides, the flake paflcles and the 
sWustlRaloi particles. Waterlcement ratio has 
been indicated to have a domlnatlng influence on' 
strengthofcement paste (Lea 1970, Soroka 1979). 
increases in waterlcement ratlo decreased cement 
paste strength. This generally happened when the 
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added water is more than necessary and
consequently, weaker hardened cement paste is
obtained. Allhough Oyagade's (1988) study on
influence of water/cement ratio on properties of
cement-bonded particleboard focussed on use of a
temperate wood species (Norway Spruce), similar
trend of result was however observed.
Experimenting with four water/cement ratio levels
of 0.45, 0.55, 0.65 and 0.75, he (Oyagade 1988)
reported that the level of 0.65 produced the most
favourable results. Thickness swelling values were
found to decrease as water/cement ratio was
raised from 0.65 to 0.75. Based on the findings
oblained in this study, the water/cement ratio of
0.60 seemed to be the optimum level necessary to
produce cement-bonded particleboards in mixed
particles of the eight hardwood species.

Use of water/cement ratio at increasing levels
between 0.50 and 0.60 manifested in the
production of stronger, stiffer and more
dimensionally stable cement-bonded
panicleboards. Increasing the water/cement ratio
beyond the level of 0.60 to 0.65 produced weaker
and inferior boards which gave lower MaR and
MOE values as well as higher WA and TS values
when tested.
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SORPTION A M  8EIVDIM PROPERTIES W CEMENT PANELS 

Figure I : Influence of wabrleemetlt ratio and mixing ratio on Modulus of Rupture and Elasticity ol 
cementhnded par€icle bawds made from mixed particles d b e  eight Ntgerian hardwad 
species. 
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Figure 2: Influence of waterleament ratio and board density on MOE of cement-bonded particle 
boards made from mixed parffclea of the etght Nlgerlan hardwood species. 
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Fluure 3: Influence of waterlwment ratio and cement mlxlng ratlo on WA and TS of the 
experimental partlcleboarda 
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Flgure 4: Influen- of waterleement tatto and board density on WA and TS of the experfmental 
cement-bonded patUclabards. 

Table I: Mean values of physlca! ynd mechanical properties d the panels produced at 
different waterlcsrnent ratlo levels. 
Treatmefit combinations 1 MOR (Nmm') 1 MOE (Nhnmz) IWA (X) I 'IS (%) I 

L I I # 
Mean vdues based on 4 ~ m p l e s  fw each hdnw 
soak in water. 
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S0RP770NAND BEMDIM PROPERTIES OF WOOD CEIWENT PANELS 

Table 2: Factorial ANOVA tesulb of the effect of the process varlablem of the board 

I Error 1 1.34 1 0.24 I 

Table 5: Muldple regression equations whlch relade MOR and MOE to the three production 

Table 3: Regression analysis of the signHIcant factors and board properties 

variables 
I Independent I Depedent I Equations I R I 

Source of 
Variation 
Regr-Ion 

- ReLidual 

and BD 

** Slgnltlmnt at 1% level of probabltty, NS Not sbnifiearrt 

Degress of 
freedom 
3 
12 

variables 
WCR, BD & MR 

Table & vytuFie twr&slon equatioridwhieh relate WA and TS to the three production variables- 
1 Indmendent ' ' 1 Depedent I Equathrts I R 

Mean Square VaIuea(MS) 

y, and Ym = MOR aml MOE mwectfvehr XI. Xn and Xa = Independent (process) veriables of W R ,  MR 

Variabses 
MOR 
MOE 

MOR 
19.0P 

variables 
WCR, 80 & MR 

Yl = -22.8-t. 3.16X1+ 7 . m  + 0:00899Xs 
Y2 = 7375 + 1350x1 + 250% + 3.08Xs 

0 
2.38 + W 1 29.74& 

values 
0.932 
0.892 

Y ,  and K = WA md TS reqedhlu; Xr,Xz e n d s  = independwrl (p0$$$) varf8bles of WCR, MR and 

~ a t i a ~ e s  
WA 
TS 

TS . 
1.10" 
0.06 1 0.72 

YI;=' 102 -20.03X1+ 226x2 + 0.0399% 
Ya = 13.4 - 351x1 - 0.66% -0.OOIQX3 

0.15E+06 125.60 . 

values 
0.474 
0.913 
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