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ABSTRACT 

I t  is clriite valuable for the rescarch scientist to he  able to predict accul.ately the strength 
properties of his treatment specinrens. This is frequently done tliror~gh the use of control or 
untreated test speci~rlcns. 

This study explored several methods of predicting treatment specimen ?\IOR's for t \ \~o 
types of oriented particlel>oard, using side- and end-~natched control spccimens. The effect 
of control specimen positioning was investigated. Side-matching pro\.ed to be more accurate 
than end-matching. With the trtSatillcnt specinlen flanked on either side by control speci- 
mens, the average percent error \oas only 3.4% with a standard deviation of 2.8 when the 
prediction para~ncter \\as ol~tained 1)y averaging the MOR's of ttic flanking control speci- 
mens. A freehand c ~ ~ r \ - c  fit nlcthod \-,as attempted with silliilar reslilts. 

The introduction of another illatrrial property (i.e., modulus of elasticity) into the 
prediction model was ex;ui~ined. Brcause of a low correlation of the paraiiieters used 
( \IOR and hIOE ) , this nletliod did nothing to i111prove prediction accurary. 

Arltlitionul keywortls: Statistical analysis, cxperilllental design, modrlllls of rnptllrc, r n o d ~ ~ l ~ ~ ~  
of elasticity, particlel~oxd, prediction rcl~lations. 

INTROI>UCTION of orientcd particleboard. The ol)jectives 

In most experimelltal dcsigns, the effects this study were to examine the effectiveness 
of sprcific variilbles or treatIIlellts are tested of ~"ir~llatching technicpes on this material 
i,nd e\,t,luated the basis of some "stan- to propose alternative methods of 
tlar$ condition. The standard ~isually is test 
determined by the use of a rilatched control 1" a rc'cellt study by Gerhards (1976) 

Or lllitreated specimell wl,ose properties are several predictioll models were proposed. 

assluned to characteristic of the inatched Two lilode1s from his paper were selected 

material. This invariably leaves the clues- for this study. The first model (Model I )  

tiOll of just how accurate the precliction of "'"ply the philosophy that two 
treatment specilllell is. B~~~~~~~ \vOod adjaccllt specinlells cut from a nieinber will 

iuld prodllcts, like most l)iologica] have the sallle properties, For example, if 

Inateria]s, are inherently \rariable ill their ll'odul"s Of ruptl're (MOR) was being eval- 

material properties, information about uated, the modulus of rupture for C1 (con- 
tnetliods of accurately predicting those trol specimen 1) is assumed to be that of 

treatment specimen T1. 
properties is of considerable interest. The second model ( Model I1 ) introduces 

Generally, when dealing with wood prod- an additional paraineter into the consider- 
ucts, test specimens are either side- or end- ation (Model II here is Model IV in Ger- 
~r~atclled. In both cases the principal axes hards. paper). This is usllally m21teriLll 
are intei~ded to be idelltical in the pairs. parameter that can be or has beell corre- 
This strldy i1ivestig;~ted the prediction .IC- lated to the pn)perty being investigated. 
culxcy of side- and end-matclred specimens T~~ Sllch lnaterial properties conlmonly 
- wed are modulus of elasticity (MOE)  and 

' I  \,,ollld like to ackno\\~lcrlgc the aid gi\eu l,y specific gravity. h4athenlatically, Model 11 
Professor Robert J. Hoylc. Jr, in suggestiilg the can 11c expressed as 
stlldy and fnnlislii~ig solile vsperi~neirtal data and 
general g ~ ~ i d a n c r .  Y = f(Xi -X,,,) [I1 
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A B 
1"1(.. I .  Specinlen cutting pattern\; ( A )  3-ply glued-lan~inated board; ( B )  3-layer single Inat 

formed 1)oarcl. 

where Y = the predicted property ( RIOR 
in this case), 

X, = the illaterial paramc>ter used in 
the prediction equation (MOE 
in this case), 

X,,, = the nondestructively deter- 
m i n e d  p a r a m e t e r  of t h e  
matched specimen. 

Frequently a regression equation I c.latiilg 
two properties can be enlployed as the 
f~mction. 

ANALYTICAL IIESIGN AND PHOCEIIURE 

Data from two studies conducted at 
\Vashington State University on oriented 
particleboard were used for the analyses. 
Thc test material coilsisted of two types of 
particleboard, raildomly selected from a 
manufacturer's pilot pldilt production of a 
commercial board. The orientation scheme 
of the particles of one type was similar to 
the principle of 3-ply plytvood. The threc- 
layered, glued-laminated board consisted of 

TAIILL 1. Pertent crlor for the crtd-matched tcrt r/ieciii~ctts, Aliodcl I (tlliee-lar~eretl hoard) 

- -- - -- Panel Number 

Spec in~en Nut i~ber 1 2 3 4 5 6 

T o t .  Ave. ( a l g e b r a i c )  0.5 S.D.  ( a l g . )  1 2 . 4  

T o t .  Ave. ( a b s o l u t e )  1 0 . 1  S.U. ( a b s . )  6.9 
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T ~ H L ~  2. Petcettt tJiloi for the, et~tl-motchetl tect cpecin~ens, Jlotlel I 1  (three-layered board) 

Panel Number 

Specin~en Nuniber 1 2 3 4 5 6 
- - - - - - - -- 

T o t .  Ave. ( a l g . )  0 .7  S.D. ( a l g . )  10.8 

T o t .  Ave. (abs. )  3.9 S.D. (abs. )  6.0 

TAIIIX 3. P ~ ' T C C I I ~  error for tlze sitle-~nutchetl ,s~~ecimens tising Model I (three-la!lereil hoard) 
- . -- -. -- -- -- 

-- Panel Number 

Specilnen Nu~~iber  1 2 3 4 5 
-- 

6 
-- 

T o t .  Ave. ( a l g . )  - 0 .3  S.D. ( a l g . )  11.0  

T o t .  Ave. (abs. )  0.6 S.D. (abs. )  6 .7  

TAI~LE 4. Percent elror for tlte title-rr~atched sl)ccil)tcns using Model 11 (three-layered hoard) 

-- - -- Panel Number 

Specimen Nu~nber 1 2 3 4 5 6 
- p- -. 

1 4.7 -1.7 6.6 12.7 -17.5 5.1 

2 4.7 0 .5  5.8 -8.0 -8.6 24.0 

3 -12.0  10.0 -8 .6  27.8 -10.2 

4 - 3 . 3  10.2  28.0 -0 .1  -5.8 

5 10.1 5.5 -10.0 6.7 -9.0 8 . 3  

6 4 .3  -5.7 7.7 4.0 3.9 -10.8 

7 12.9 17.1 1.1 19.0 -1 . 9  5.8 

8 2.0 -11.5 -18.7  47.2 17.4 0.1 

9 3 .5  3.1 -17.2 -6 .1  -12.7 16.9 

10 -20.4 5.3 -11.1 -9.9 16.7 2.2 

11 -0.9 - 4 .5  10.1 0.8 -0.9 

12 9.7 - 4 . 7  3 .7  -20.4 -11.3 

T o t .  Ave. ( a l g . )  1.7 S.D. ( a l g . )  12.5  

T o t .  Ave. ( abs . )  9.7 S.D. (abs. )  8.0 
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' ~ ' A H I  E 5 JIOR t>retlictcd lrtcng Alorlel 1 arltl adlacent test s))ecimens, peicetct eiror (single inat board) 

CI p r e d l c t s  - . Panel Number 

C ( l + l )  1 2 3 4 5 

C 1 CZ 2 . 5  -0.2 2 .0  9 . 9  9.9 

C; C3 2.8 -3 .3  9 . 0  -8.7 9.1 

C; C4 2.9 - 7 . 5  -12 .4  8 .4  -11.7 

C4 C5 -13 .3  -14.0 - 4 . 8  6.0 -3.2 
- . . - . - 

T u t .  Ave. ( a l g . )  - 0 .9  S . D .  ( a l g . )  8 . 3  

~ o t .  A V C .  ( i1bs .1  7 . 1  s . n .  ( a b s . )  4.2 

two 'A-iiicll-thick face panels, with their 
inajor axes aligned along the test span di- 
rection and a %-inch core with its major 
axis at ninety degrees to the face plies. The 
s c c o ~ ~ d  type was a single mat-fornled board 
silnilar in construction, with the exception 
that the cross-oriented layers of particles 
nTere pressed in a single operation. Both 
I~oard types were %-inch thick. 

A load duration study of the three-layered 
board used gronps of five specimens cut 
from panels as shown in Fig. 1A. I11 that 
s t~~ t ly ,  the I,1 and L2 speci~l~ens were treat- 
nlent specinlens, and the C1, C" C3 speci- 
mens were controls. The information on the 
C : l ,  C2, ancl C3 specimens, being readily 
available, has been analyzed for the effec- 
tiveness of side-matching. The information 
on C1 and C1' specimens has been exam- 
ined for end-matching effcct. There were 
70 side-matched pairs and 36 end-~natched 
pairs. Specirner~ size was 23" x 3" x %". 

The second experiment, dealing with the 
single mat-formcd board, provided twenty- 
five specimens, also 23" x 3" x 'A". There 
were five specimens (C1 through C5) from 
each of five panels. These specimens were 

cut from locations immediately adjacent to 
one another, as seen in Fig. lR, yielding 
four side-matched pairs per panel for a total 
of twenty distinct pairs. No end-matched 
pairs were obtained from this type of board. 

hlodels I and I1 were applied to the 
three-layered board, with Model I and 
variations thereof applied to the data from 
the single mat-formed board. 

Using M'odel I1 for the three-layered 
board, the adjustment was based on a 
previously determined regression equation 
(Hoyle and Adams 1975) correlating mod- 
ulus of rupture and modulus of elasticity. 
This equation was developed from control 
data for the material under consideration 
and can be stated as: 

MOR = 0.00421 (MOE) + 897 [2] 

with a coefficient of determination of 0.48. 
To predict a treatment specimen MOR, 

a simple example best illustrates the tech- 
nique. Assuine MORl will be used to pre- 
dict MOR? using the regression equation. 

MORl = 0.00421 El f S97 [3] 

T ~ I ~ L C  6. hlOR l~tetlictctl 11sitlg Motlel I and test rl~ecinlet~r sl~aced 3" apart, pelcent error (single mat 
bourcl) 

-. . . - - - -- ~ . .  ~- 

C i  p r e d i c t s  Panel Number 
C(1+2) 1 2 3 4 5 

l o t .  Ave. ( a l g . )  -1 .9  S.D. ( a l g . )  1 1 . 8  

T o t .  Ave. ( a b s . )  9.3 S.D. ( a b s . )  7 . 1  



If E(b [3] is sl11)tracted fronl Eq. [ 4 ] ,  the 
r?sult can be lvritten as: 

Thc. previously mentionecl variables of 
1Zodel I, as applied to the single mat-forlned 
l~oard, involved interpolating a predicted 
specitllen RlOR between the MOli's of the 
two adjacent specimens (controls), thus C2 
strength from C1 and C3 strengths. Straight 
ant1 frrellaild curve fit lines to the specimen 
propmties were selected for the interpola- 
tion processc~s due to their direct applica- 
tion to the experimental data. In niost cases, 
experiments using side- or end-matching 
call be desig~led to have controls on either 
side or either c,nd of the treatment specimen. 
As seen in Fig. l R ,  test specimens C1, C3, 
and CS were used to predict C2 and C:4. 

All the test specimens were conditioned 
at 1274 E\IC 1111til equilibrium was att:lined. 
The test specimen weights and dimensions 
were recordecl. Destructive testing followed. 
Tliis operation was carried out on a Iieihle 
testing machine with third-point loading 
on an 18-inch span. Load versus tleflcction 
curves were recorded, and the nioduh~s of 
ruptnre a ~ i d  modulus of elasticity were cal- 
cnlatcd. 

RI<SUI.TS 4NI) DISCUSSION 

Analysis of the data consisted of compar- 
ing the percent error between actual and 
predicted moduli of rupture. Algebraic and 
al)solnte percent errors were cornputetl. The 
algel-~raic percent crror was defined as the 
pel-cent clifference (lfOR,,,.,,,,i,.t,,,I-RIOR :,,. t,,,,/ 
?rlOl<L,,.t,,,,) between the predicted modulus 
of rupture and the actual moduh~s of rup- 
ture of the prediction specimen. The abso- 
lute percent error was merely the absolute 
value of the algebraic percent error. 

'The algebraic percent errors are of in- 
terest when comparing the nlean treatment 
&ect to the mean untreated properties of 
a multi-specimen sample. The absolute per- 
cent errors are of interest when using the 
control specimens as a basis for applying 
treatment to their matched counterparts. In 
load cluration studies, the applied stress 
(treatment) is a percentage of the pre- 

TAI~LE 7. Ptcdic t~d MOR's using the  ample 
averaging a t ~ t l  clirae fit technicltles (single mut 

board) 

Technique 

Simple Freehand 
Specimen Panel Average Curve 
Number Number ( Z  Error) (t,, Error) 

Tot. Ave. ( a l g . )  

S . D .  ( a l g . )  

T o t .  Ave. ( a b s . )  

S.D.  ( a b s . )  

dictcd property and the interest is in fidelity 
of the prediction for the application of the 
proper treatment stress. 

Both h4odels I and I1 were used in the 
analysis of. the side- and end-matchcd speci- 
men?. Tables 1 and 2 are cornpilations of 
the percent error and their respective al- 
gebraic and absolllte means and standard 
deviations for the end-matched \pecimens. 
The average percent error was 10.1, with a 
standard deviation of 6.9. 

Three-lnyeretl oriented particlehoartl- 
side-matched 

Tables 3 and 4 are compilations of the 
percent errors, total averages, and standard 
deviations for Models I and 11, respec- 
tively, as applied to the side-matched speci- 
mens. For the end-matched specimens, use 
of the elastic modulus (Model 11) did 
slightly improve one's prediction capability, 
while the reverse was observed for the side- 
matched specimens. Generally, however, 
differences between the two methods of 
prediction are small, as arc differences be- 
tween the matching techniques. It  should 



1; Error 

Type of 
Technique Control Location Absolute Algebraic _ 

Board Mean S.D. Mean S.D. 

Model I 3- layer  one end-matched control  10.1 6.9 0 .5  12.4 

Model I 3- layer  one side-matched control  8 . 6  6.7 -0.3 11.0 

Model I I *  3- layer  one end-matched control  8 . 9  6.0 0.7 10.8 

Model 11* 3- layer  one side-matched control  9 . 7  8.0 1.7 12.5 

Simple Averaging s ing le  111at p a i r  of side-matched 3.4 2.8 1 .3  4 . 4  
con t ro l s  

Property Trend** s i n g l e  niat p a i r  of side-matched 4 . 5  2.9 -0.1 5 . 6  
con t ro l s  

Model I s i n g l e  #flat one side-matched c o n t r o l :  
adjacent  7 .1  4 . 2  -0.9 8 . 3  

3" removed 9 . 3  7 . 1  -1.9 11 .8  
~ ~. . 

Using regression of MOR on MOE ** 
Using l o ~ a t i o n  parameter 

1)e notcd that the total avcrugcs tended to 
be less than 1076, with rather high standard 
cleviations. The acceptability of the subse- 
eluent ranges in percei~t error of pretliction 
are left to the reader. 

It  was also found that hlodel 11, using 
test specinlen weight as the rclating prop- 
crty, did nothing to increase or decrease 
prediction accuracy over the levels previ- 
ously descril~ed. 

Single mat-formed particleOoart1- 
side-~nntcherl 

It  was felt that the proximity of the con- 
trol specil~leils to the treatnlent specilllens 
\\,as important. For the single mat board, 
control specinle~ls were located imnlediately 
adjacent to the prediction specimeiis (Fig. 
1 B )  in anticipation that the percent error 
\~ou ld  decrease. Table 5 sho\vs the: results 
of t\vcnty hlOR predictions, total averages, 
and staiidard deviations. Table 6 gives the 
results of predictions nlade 11si11g the same 
data but with the test specin~ens separated 
Ily 3-inch intervals. 

As expected, a compi~rison of Tables 5 
and 6 sho~ved that the test speci~nens lo- 
cated inlnlediately adjacent produced sig- 
uificantly lo\ver average percent errors and 
standard deviations. 

13ecause of the increase in predic:tion ac- 
curacy by selecting adjoining specimens, it 

was felt that control specimens on either 
side could increase the power of prediction 
even further. Table 7 displays the effect of 
averaging the two neighboring control 
specin~ens and using that average as the 
prediction value. It  can be seen that the 
prediction of the ~llodulus of rupture is en- 
hanced by this averaging technique. The 
total absolute average percent error was 3.4 
with a standard deviation of only 2.8, as 
compared to 7.1 and 4.2 in Table 5. 

The encouraging results of the averaging 
technique prompted a further refinement of 
the method by plotting a curve including 
threc: or more points to show property 
trends through the material. Figure 2 de- 
picts a typical arrangement of MOR's plot- 

DISTANCE FROM PANEL EDGE 

FIG. 2. Curve for specimen Iocation effect. 
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ted against test specimen position irt the 
panel. 

The results of the application of this tech- 
~iiclue to the sarnc data previously analyzed 
showed a 1.1% increase in the absolute per- 
cent error and a slight increase in the stan- 
dard deviation (Table 7 ) ,  indicating no 
noticeable improvenleiit in prediction ac- 
curacy. As this method is cluite subjective, 
a Inore sophisticated method of curve fit- 
ting or a larger number of plotted points 
could be advautageous. If, however, the 
\,ariation in properties was a random fea- 
ture of the material, no advantage would 
11e expected. 

CONCLUSION 

The need for accurate inaterial property 
prediction is well ~mderstood, but the ineth- 
ods are not. With an increase in the power 
of prediction, the reliability and confidcmce 
one may assume in his results can be 
greatly improved. 

In this study, general techniques and 
models of prediction were evaluatetl. It  
was fomnd that for this espcrinlent on ori- 
ented particleboard the addition of another 
~~latcrial property (h"Iode1 11) did little to 
improve the overall prediction accuracy for 
either side- or end-matched specimens. 
hlodel 11, using specinlen weight. was con- 

sidered; but the correlatio~l was not good 
enough to suggest that it would i m p r o v c  
prediction accuracy. No data on this evalu- 
ation are included in this report, as the 
coefficient of determination for MOR and 
specific gravity was only 0.47. 

The relative locations of the control speci- 
illens and the treatillent specimens did, 
however, significantly affect prcdiction ac- 
curacy. I t  seemed logical that the closer 
the two specimens were located in relation 
to one another, the better thc prediction, as 
was illustrated by this study. 

The most accurate nlethod of prediction 
was found to be a simple averaging tech- 
nique. When the treatment specimen was 
flanked by controls and the average of the 
two adjacent speci~nelis was used as the 
prediction value, percent error was greatly 
reduced. The variations in those predicted 
values also were markedly reduced. 
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