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ABSTRACT 

Eight connnercial particleboards and two conn~~erci;il plywoorls manufactnred for struc- 
tural appl ica t io~~ were fabricated into 4' x 4' panel-joist systems and s~thjectecl to sinlulated 
on-site mvironmental conditions. Inlpact properties werc dctern~ined by British impact and 
ASTAI tests. The Rritisll innpact test lacked sensitivity to establislr diffCrences between 
typcs of p:irticlcboard. Most particleboards cx11il)ited about 11;llf the puncture resistance 
of plywood of eqnal thicknclss. Orientcd particleboard had the greatest puncture resistance 
of any ~xirticlebonrds tested. Weathering without the influence of llcnt generally increased 
lx~ncturc rcsistancc. ASTSI sandbag testing of floor systenls indicatccl that plywood and 
oricnted particleboard had the greatcst resistance to initial visible failurc. Thicker boards 
or l~oards composed of larger-sized p;irticles also had grcatcr rcsistance to initial visible 
Faih~re. All tcst wcatl~cring conditions generally caused a loss of resistance to initial visible 
failure of floor sections. Thc effccts of thc test weatlrcring conditions upon strength to 
total failure werc sligl~t. It docs not appcar that loss of strength on the construction site is a 
significant problem as far as its effect on impact strength is concemctl. 

Adtlitional ke~ltl;o~.tl.s: Structural particlehoard, plywood, illlpact strcngtll, 
sa~ltll)na drop test, p~~nc.tnl.o tc'st, weatl~cring, suhfloor/~untlerl;ty~~lt.nt, roof sheathing. 

INTRODUCTION 

This study was designed to compare and 
evaluate the impact properties of different 
types of comnlercial structural particleboard 
and plywood when used in applications 
such as roof sheathing or sul)floor/underlay- 
ment arid subjected to environ~nental condi- 
tions that iuight be ellcountered during 
oil-site construction. Plywood was included 
ill this study for comparntive purposes, but 
it should not be inferred that we feel tlie 
ultimate goal of particleboard is to eclual 
thc performance of plywood. 

Weather conditions that might be en- 
connterctl during co~~struction in the United 
States vary so widely that there are obvious 
tlifficlllties in agreeing upon "avemge" eu- 
pocnrc conditions. Personal juclgiiient a i d  
the data of IIann et al. (1963) a11d IIeyer 
( 1963) led 11s to select a 48-11 period of rain 

' Prcscnted at  tlie Ninth Particlcbonrcl Sympo- 
siunr, \\7ashington State University, Pullman, WA, 
2 April 1975. 1'11blishcd as Sci. Jot~r.  Scr. l'aper 
No. 1575 of thc Univ. of ?\lintl. Agric. Esp. Sta. 

followed in some cases by 48 h of 150 F 
temperature us representative of "highly un- 
favor:ll)le" buildiug conditions. Tempera- 
tures of tllis niagnitude and duration have 
been nleasured experimentally between 
shingles and roof sheathing. 

htETHODS 

Four conditions of use were evaluated in 
this study: ( 1 )  a dry condition that simu- 
lated the norrnal use situation in a homc; 
(2 )  a wet condition that simulated ail 011- 
site coiistructio~l situation in~rnediately after 
rain; ( 3 )  a wet condition that involvecl 
wetted l~oarcls that redried at mild tenlpera- 
tures before being put into use; ( 4 )  a \vet 
condition that was similar to the third but 
differed in that a tenlperaturr of 150 F was 
present during drying. 

In order to evaluatc the effects of these 
exposures on iillpact properties, two types 
of impact tests \\]ere performed. A 60- 
pound sandbag drop as specified in ASThl 
E-72 was used to test all boards for all ex- 
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Frc. I .  Diagram of test locations on the four-foot square floor and roof panels. 

0 
posures. A British impact test complying 
with BS 1811 was used as a supplementary 
test on the boards tested as 16" on-center 
floor units. This test is essentially a punc- 
ture or "spear" test. 

A joist/sheathing system having a span 
of 12' to 14' would be ideal for testing if 
availal~ility of materials and cost were not +HEIGHT OF IN IT IAL 

VISIBLE FAILURE 
factors and if the objective was to simulate 
the inlpact behavior in actual systems. In - 
this study, however, a 4' x 4' panel-joist P systeln m~iformly supported along the band , 
joists was used. Information from this sys- 5 
ten1 should be valid for product co~nparison 
and for determining changes in properties Y 
due to weathering. The main difference be- 

BOARD NO. DESC. 
tween this joist system and one with a 0 1 I B Z  

greater span is the amount of energy that is 0 2 182 

a1,sorbed by the joists upon impact. The D 5 ZBZ 
0 7 OB joists of this system deflect less; thus the 8 WB 

sheathing rrlaterial absorbs more of the im- PLY 
pact energy resulting in a somewhat con- 
servative measure of the impact perfor- 

SET (INCHES) mance of these materials. 
Joist spacings of 16" and 24" on-center FIG, 2, Set in 5h-inch panels at 50% RH on 

\\,ere used to simulate floor and roof sys- 16-inch joist spacing. 
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TABLE 1. Characteristics o f  commercial boards used in this study 

Board 
Number D e s c r i p t i o n  

Type o f  
F u r n i s h  

Dens i t y  ( p c f )  
Type o f  Resin (00  wt. & v o l .  
Forma t i  on Type a t  50% RH) 

1 Mob i le  Home Decking Southern Yel low P ine  
(162) (Shavings)  

2 Mob i le  Home Decking West Coast Softwood 
(182) (Shavings)  

3 Mob i le  Home Decking West Coast Softwood 
( l e i  (Shavings)  

4 Mob i le  Home Decking West Coast Softwood 
( l B 2 )  (Shavings & F lakes )  

5 Manufactured 
House Decking 

(262) 

Southern Yel low Pine 
(Shavings)  

Graded Urea 43.6 
Dens i t y  

3 Layer Urea 42.9 

3 Layer Urea 43.7 

3 Layer Pheno l i c  41 .6 
& Urea 

Graded Pheno l i c  44.8 
Dens i t y  

6 Or ien ted  West Coast Softwood 3 Layer Pheno l i c  40.4 
P a r t i c l e b o a r d  (F lakes )  Cross 

( O B I  Laminated 

7 Or ien ted  West Coast Softwood 3 Layer Pheno l i c  38.8 
P a r t i c l e b o a r d  (F lakes )  Cross 

(08 )  Laminated 

8 Wafer Type Aspen 
P a r t i c l e b o a r d  (Wafers)  

(WE) 

Homogenous Pheno l i c  40.3 

9 I n t e r i o r  Type Group I 4 p l y  32/16 Pheno l i c  29.5 
P lywood-Ex te r io r  Douglas-Fi r  Veneer Standard 
Glue Grade 

10 I n t e r i o r  Type Group I 5 P l y  Pheno l i c  31.3 
Plywood-Exter i  o r  Southern Yel low P ine  Under1 ayment 
Glue Veneer Grade 

tems, respectively. As would be required 
by most building codes, the thickness of the 
sheet materials used in the floor systems was 
"L" or thicker. Sheathing material W" and 
;'A'' thick were used in the roof systems. 

Eight commercial particleboards and two 
commercial plywoods conlprising a range 
of  species, thicknesses, board densities, 
particle geometries, and resin types were 
selected for this study (Tablc 1). Particle- 
I~oards included planer shavings/residue 
boards such as urea-bonded mobile home 
decking and phellolic-bonded manufactured 
house decking, as well as larger flake-type 
oriented particleboard and wafer-type 
particleboard. 

Two 4' by 4' test specimens for each 
panel type/span combination were ran- 
domly assigned to each of the weathering 
exposures described below: 

Control: Equilibrated at 72 F and 50% 
RH and then tested. 

Wet: Equilibrated at 72 F and 50% RII 
followed by a continuous 48-h room 
temperature wetting of the boards 
while positioned horizontally. The wet- 
ting was done with a garden soaker 
hose so that the top surface was cov- 
ered with a film of water. Testing was 
at the end of the wetting period. 

Wetted-Reconditioned: Equilibrated at 
72 F and 50% RH, then wetted for 
48 h as described above and allowed to 
again come to equilibrium at 72 F and 
50% RH before being tested. 

Wetted-Heated-Reconditioned: Ecluili- 
brated at 72 F and 50% RH, wetted in 
the same manner as described above, 
and then heated at 150 F and about 
50% RH for 48 h. Testing was con- 
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, 

AJ' BOARD NO. DESC. THICK. 
0 1 lB2 518 
0 2 182 518 
D 5 282 5/8 

6 OB 112 
8 WB 518 

b 9 PLY 112 

1 -HEIGHT OF INITIAL VISIBLE FAILURE 
- + * -- t -- t -t- 

0 0 1  0 2  0 3  0 4  0 5  

SET (INCHES) 

I ' r c  3 St t ,lt 50% 1'111 on "4-lnch joist sp,icIng. 

tluctcd after re-ecluilibration at 72 F 
and 50'4 KH. 

After wetting or reconditioning, the 
panc~lswcre nailed with 6d stiff stock screw 
shank nails spaced 6" and 10" apart on the 
o ~ ~ t e r  and inner joists to 4' 1)y 4' frames. 
7'hc frailles \fiere fabricated from 2" by 8" 
Donglas-fir construction grade joists 16" or 
24" on-center as shown in Fig. 1. Panels of 
?h" tkick~~ess were tested only on 24" cen- 
tcw, while '5" or thicker panels were tested 
only on 16" centers. All of the "s" panels 
were tested on 16" ccnters and some were 
tcsted on 24" centers. 

All panels \yere su1)jcctccl to successive 
60-pound sandbag drops from an initial 
height of 6" with increasing 6" increments 
until total failwe occurred. Two such drop 
scc111ences wc,re made per pancl to givc 
4 replicntions/panel-type/span-desif;natio~i/ 
\veatl~eri~lg condition. The sandbag used 
and the testing procedures for tlic sandbag 
test adhered to ASThI E 72. Panel deflec- 
tio11s were measured n~cchanically. and 
visual inspection was used to detect any 
failures. The height of drop necessary to 
cause bottom, top, and total failure was re- 
corded. Top and bottom failure was deter- 

BOARD NO. DESC. 
0 1 182 
0 2 1B2 

5 202 

8 WB 
m 10 PLY 

TOTAL DEFLECTION (INCHES) 

FIG. 4. Total deflection from 60-pound sandbag 
drop for 9;-inch boards at 50% RRH on 16-inch 
joist spacing. 

rnined \vhen hairline cracks first became 
visible, and total failure was determined 
when tlie sandbag passed coinpletely 
through the panel. 

Set, the inelastic component of deflection, 
n7,is measured from the top surface with 
tlie u\e of a rigid dial gauge jig. Total 
deflection, which is the sum of elastic and 
set deflection, was determined by measur- 
ing the vertical movement of a plunger 
p1acc.d beneath the center of impact on the 
panel with a eathetometer. The joist deflec- 
tions during testing at mid-span under 12" 
drop did not exceed 0.048 inches. 

After the sm~dbag testing \vas completed, 
the British impact test, as specified in 
13riti\h Standard 1811, was conducted on 
all panels with joist spacing 16" on-center. 
This test utilized an 8-kg rod with a hemi- 
spherical head 50 mm in diameter which 
was dropped vertically from an initial 
height of 25 mln with increasing 25 mm 
increment\. The heights at which initial 
bottom failure and punch-through occurred 
were recorded. Bottom failure was deter- 
mined when a hairline crack first became 
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BOARD NO. DESC. THICK. 
O 1 1B2 5/8 

2 1B2 5/8 
5 2B2 518 

' 6 OB 
8 WB 518 
9 PLY 112 

l c~c ; .  5. Total deflection from 60-pound sandbag 
drop at 50% RH on 24-inch joist spacing. 

8 WB 

SET 

- - - - - - - TOTAL DEFLECTION 

visible Punch-through was said to occur 
,it the time the nose of the spear was com- 
plctely irn1)eclded in the board. 

Although the main objective of this study 
\Tias to deterinine how weathering affected 
in~p,lct properties, the effect on the basic 
mechanical properties was also detelmined. 
To do this 2' by 2' panels were s~~bjected to 
the s:nne weathering treatments as the 4' by 
4' panel.;, and subsequently cut up into 
four 3"-wide static bending test strips. 
Thesc, strips were used in determining den- 
sity, CJrRIC, MOR, MOE, and IR.  Static 
I~ellding tests conformed to ASTM D 1037. 
C:ompl~tation of h4OR and MOE was based 
011 the thickness of the samples at the time 
of tcst. Calculation of the MOE and MOR 
of plv\vood was based on thc moment of 
inertia of the entire cross section so that a 
more direct comparison with particleboard 
conlcl 1)c made. Four torsional In samples 
1" s q ~ ~ a r e  werc cut near the ends of each 
static bending strip after bending failure. 
Internal bond strength was estimated by a 
center line torsional shear tect (Gertjejansen 
nncl TTavgreen 1971). 

13I;SULTS ANI) 1)ISCUSSION 

A visil~le difference in the surface wetting 
of the board types could be seen throughout 

0 

* 
0 nab 

16" 24" 
SPACING 

FIG. 6. Effect of span on total deflection ancl 
sct fro111 12-inch drop at 50% RH for %-inch 
1)oarcls. 

the period of wetting. Tlre entire surface of 
some particleboard types resisted wetting 
for considerable periods of time. Other 
board types appeared rnottled with dry 
zones. Presu~nably these spots were due to 
high concentrations of size. Plywood panels 
wctted readily, and the water appeared to 
penetrate through the thickness of the 
panels. 

Ph!y.sical properties 

The basic physical properties of the ten 
l~oards, at equilibrium with 50% RH and 
72 F, are outlilled in Table 2. 

Table 3 shows the MOE, MOR, and I13 
values after exposure and reconditioning 
to 50% KII as a percent of the control vallles 
givcn in Table 2. From this table it can be 
seen that exposure to rain alone or to rain 
followed by heat did not have a consistent 
effect on either the MOE or MOR of all 
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TOTAL DEFLECTION AT 12 INCH DROP (INCHES) 
015 0 3 0  045 0 6 0  075  0 9 0  !Ly-- -- - 

f " ~ ( : .  7. Santlbag drop impact strength properties 
on Ifi-inch joist spacing at 507L RII.  

I)o,lrcl types. hlOE and hlOR of the urea- 
l~onded shavings boards, 1, 2, 3, and 4 
deteriorated under either ot the wetting- 
drying eorlditions, while hlOE and MOR 
of the ' 5"  phei~olic-bonded shavings board 
5 i~lcreased. This strcngth incrcase was 
prol~al~ly due primarily to n higher initial 
density of the weathered samples. 

HEIGHT TO TOTAL FAILURE (INCHES) 
15 3q 45 60 75 9 0  

TOTAL DEFLECTION AT 12" DROP (INCHES] 
9 . 3 0  0.45 0.60 p:75 0.90 

FIG. 8. Sandbag clrop impact strength properties 
on 24-inch joist spacing at 50% RH. 

British Impact Test 

For this test eight board types, each hav- 
ing 2 replicates, were tested at 2 separate 
points. At each point initial visible failure 
and punch-through were noted. The results 
at the control condition are given in Table 
4. Table 5 shows the percent change in 
British impact strength due to weathering. 

The range in height-to-initial visible 
failure for various particleboards at the con- 

TABLE 2. B U S ~ C  physicnl properties (conditioned ut 50% relutive humidity) 

Nominal Ave T o r s i o n a l  
Board Thickness Thickness MOE MOR I B 
Number D e s c r i p t i o n  ( i n c h e s )  ( i n c h e s )  (x1000 p s i )  ( p s i )  

1  182 518 0.620 490 2820 136 

a ~ a l u e s  o b t a i n e d  f rom t o r s i o n a l  c e n t e r l i n e  shear s t r e n g t h s  o f  16 one-inch square specimens 
u s i n g  t h e  fo rmu la :  IB=11.3 x t o r q u e  i n  f o o t  pounds 
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Y 
BOARD NO. DESC. THICK. 

80.- 0 4 162 13/16 

Y 
> 
2 . 8 WB 518 
i= 60.- - m 10 PLY 518 
I 

I 

4 
2 -20 
u 

HEATED SAMPLE -6 

- 
EMC WET RECONDITIONED 
K)%RH. TO 50% R.H. 

I'lc;. 9. Effcct of various exposures on height 
of drop to initial failure on 16-inch joist spacing. 

trol condition was small, but widened some- 
\vlrhat as a result of weathering treatments. 
Plywood perfornled better than particle- 
l~oard, and its closest overall competitioil 
was orieiltcd particleboard. Impact strength 

BOARD NO. DESC. THICK. 
o 4 102 13/16 
4 5 282 518 

o 7 OB 5 / 8  

8 WB 518 
10 PLY 518 

\ , 
\ 

2 -20 
\ 

0 

- -HEATED SAMPLE 

I 
I - - -  - - -  1 A- 
EMC WET RECONDITIONED 
50% R H. TO 50% R.H. 

FIG. 10. Effect of various exposures on height 
of drop to total failure on 16-inch joist spacing. 

of ply\vood increased when wet by 128%. 
The range of vaIues for height-to-punch- 

through of particleboard also was small and 
widened with severity of the weathering 
conditions. Overall, wetting or wetting- 
reconditioning without heat increased 

TABLE 3 .  Change in hlOE,  hlOR nnd IB  rcnilting fronl tnuiotrs exposures, expressed (1s l~ercent change 
from controls shotun in Tclble 2 

48 Hr.  Wett ing,  48 Hr.  Hea t ing  and 
48 Hr. Wet t i ng  and Recondi t ioned t o  50% R.H. Recondi t ioned t o  50% R.H. 

Board 
Number D e s c r i p t i o n  % M O E ~  Change % M O R ~  Change X IB Change b M O E ~  Change :; M O R ~  Change % I B  Change 

a ~ a l c u l a t i o n s  based upon th i ckness  o f  samples a t  t io le o f  t e s t - - n o t  o r i g i n a l  th i ckness .  
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TABLE 4. Rewlts of the British Standard Impact 
Test utilizing an &kilogram rod on 16-inch on- 
center floor systems, conditioned to 50% relative 

humidity 

Ht .  t o  
I n i t i a l  H t .  t o  
V i s i b l e  Punch 

Board Nominal F a i l u r e  Through 
Number D e s c r i p t i o n  Thickness ( i n c h e ~ ) ~  ( i n c h e s )  

-- 
1 1 B2 518 10.5 15.2 

a Converted f rom m e t r i c  u n i t s  

puncture resistance whilv the effects of 
heat were positive and negative. Note that 
the strengths of oriented particleboard and 
plywood changed similarly and that both 
appeared to have better punch-through 
rcsistallce after being cxposecl to weather- 
ing. No explanation is offered for this 
plleilomelion. The punch-through resis- 
tance of the urea-bonded particlel~oards 

,, I+----- __i_ 

16" SPACING 24" 

12.- 

6.- 

FIG. 11. Effect of span on height to initial 
visible failure and height to total failure at 50% 
KH for %-inch boards. 

BOARD NO. DESC. 
o 1 162 

INITIAL FAILURE 2 102 

- - - - - - - TOTAL FAILURE b 5 202 

8 WB 

did not deteriorate to any great extent after 
they had been exposed to moisture and heat. 

There seems to be no direct correlation 
between board thickness and resistailce to 

T A I ~ L ~  5. C l l ( ~ n g e  in Br i t i~ l~  Stunck~rd lrnpclct Test properties resulting from uclrious exposures- 
expressed as a percent of the controls shoum in Tuble 4 

% Change f rom S t reng th  @ 50% R.H. 

Wet Cond i t i on  Wet & Recond i t i on  Wet-Heat-Recondi t i o n  

Board Nominal I n i t i a l  Punch I n i t i a l  Punch I n i t i a l  Punch 
Number D e s c r i p t i o n  Thickness V i s i b l e  F a i l u r e  Through V i s i b l e  F a i l u r e  Through V i s i b l e  F a i l u r e  Through 

"va lue  i s  h igher  because some o r  a l l  t e s t s  d i d  n o t  f a i l  a t  t h e  maximum (107 cm) drop. 
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TAIII.C 6. IIcs~~lts of 60-Ib. S ~ n d b a g  Droll Test on 16-inch on-center floor systems tested at 50% 
relative humidity  control^) 

Heigh t  t o  F a i l u r e  To ta l  Set  
( i n . )  D e f l e c t i o n  A f t ~ r  

f rom 12 12 
Board Nominal I n i t i a l  i n c h  drop Drop 
Number D e s c r i p t i o n  Thickness V i s i b l e  T o t a l a  ( i n . )  ( i n . )  

a The h e i g h t  o f  drop a t  which sandbag passes through t h e  f l o o r .  

The d e f l e c t i o n  i n c l u d i n g  bo th  e l a s t i c  component and se t .  

Due t o  an exper imental  e r r o r ,  va lue  was e x t r a p o l a t e d  f rom cu rve  i n  F igu re  4. 

F a i l u r e  of  a l l  samples d i d  n o t  occur  a t  maximum drop h e i g h t  o f  84 inches.  

n puilct~~re, but there does appear to be an 
i~lteractioil between I U  and thickness that 
re1atc.s to puncture resistance. 

The British spear test seems to lack the 
seilsitivity to establish clear-cnt differences 
l)c.twcel~ different types of particleboard 
products. This 111ay mean that the puncture 
resistance of particleboarcl is basically the 
salne, or that therc is an inherent weakness 
ill the test itself, which results in failwe at 
a fairly uniform height. The cunlnlative 
effect of repetitive drops froin heights in- 

creasing at  25-mm intervals may be the 
problem. 

Suntlhug I~i~puct  Test results 

The major impact evaluation technique 
used in this study v7as the 60-pound sancl- 
bag drop. Selected impact strength and 
deflection results are listed in Tablcs 6, 7, 
8, and 9 and in Figs. 2 through 10. A 12" 
drop was arbitrarily chosen for comparing 
set and deflection since this was the maxi- 

TAI~LE 7. Hestrlts of 60-111. Santlhug Drop Test on 24-inch on-center roof systems testccl at 50% relatioc 
humidity (controls) 

Heigh t  t o  F a i l u r e  To ta l  Set 
( i n . )  D e f l e c t i o n  A f t & r  

f rom 12 12 
Board IYorninal I n i t i a l  i n c h  drop Drop 
Number D e s c r i p t i o n  Thickness V i s i b l e  T o t a l a  ( i n . )  ( i n . )  

a 'b  Footnote Table 6 
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TABLE 8. Clzange in impact properties of 16-inch on-center floor systems resulting from various 
exposures-expressed as a percent of the controls shown in Table 6 

Percent Change from Board Conditioned @ 50% R.H. 

Wet Wet. & Reconditioned Wet-Heat-Recondi tioned 

Ht. to Ht. to Ht. to 
Initial Ht. to Total Initial Ht. to Total Initial Ht. to Total 

Board Visible Total Deflection Visible Total Deflection Visible Total Deflection 
Number Failure Failure @ 12" Drop Failure Failure @ 12" Drop Failure Failure @ 12" Drop 

a Footnote Table 6 

mum height at which all test boards ex- 
11ibitc.d elastic propcrtics. 

Results at 50% RII ant1 72 F (control contli- 
tion) 

Results of the sandbag test at the control 
condition are given in Tables 6 and 7 for 
joists 16" and 24" on-center respectively. 
Figures 2 and 3 compare the development 
of sct on some of the floor and roof panels. 
The point of visible failure is also indicated. 

In somc cases considerable set developed 
before failure was observed. Note that 
some boards in Fig. 3 are of 'h" thickness. 
The 1B2 boards cieveloped set most rapidly 
while the oriented particleboard performed 
nearly as well as plywood. 

Figure 4 illustrates the total deflection 
as a function of height of drop for the ?A"- 
thick boards used as floor panels. Figure 
5 illustrates the sainc property for boards 
of Ih'' and %" thickness tested as roof 

TABLIT 9. Cl~clnjie in some in~7)cict propcvties of 34-inch on-center roof systems resulting from various 
exl~osures-expressed us a percent of the rcsultr of the controls shown in Table 7 

Percent Chanqe from Board Conditioned @ 50% R.H. 

Wet Wet & Reconditioned Wet-Heat-Reconditioned 

Ht. to Ht. to Ht. to 
Initial Ht. to Total Initial Ht. to Total Initial Ht. to Total 

Board Visible Total Deflection Visible Total Deflection Visible Total Deflection 
Number Failure Failure @ 12" Drop Failure Failure @ 12" Drop Failure Failure @ 12" Drop 



PERFORMANCE OF WEATHERED PARTICLEBOARD 101 

panels. Figure 6 shows the effect of span 
on both set and total deflection. Set appears 
to develop only slightly more on 16" centers 
than on 24" centers (Fig. 6 ) .  

Note that %" plywood and %" oriented 
particleboard deflected the least and de- 
veloped less set than the other products 
studied (Figs. 4 and 2 ) .  However, board 
thickness appeared to be the overriding 
factor when evaluating stiffness since lh" 
plywood and W" oriented particleboard 
deflected more than the 54" boards (Fig. 
ij). Increasing the span had a pronounced 
effect on total deflection as would be ex- 
pected (Fig. 6 ) .  

Tables 6 and 7 indicate the average 
height of drop to cause initial visible and 
total failure. I t  can be seen that the average 
height to initial visible failure on the floor 
panels (Table 6 and Fig. 7 )  ranged from 15 
inches for a %" shavings-type particleboard, 
board 1, to 34.5 inches for both %"plywood, 
hoard 10, and Yirr oriented particleboard, 
board 7. Thickness seemed to be an impor- 
tant factor. A noticeable improvement in 
height to initial visible failure was found 
with the Xrr, board 3, and 'No", board 4, 
p:lrticleboards. The wafer-type board, 
hoard 8, performed only slightly better than 
shavings-type boards in terms of initial 
visible failure but exhibited clearly superior 
properties in teriils of resistance to total 
faillwe. 

From Table 7 and Fig. 8, it can he seen 
that the height to initial visible f a1 '1 ure on 
24" centers was similar for all boards, rang- 
ing from 13.5 to 18 inches. This, however, 
compares l/i'r plywood, board 9, and 
oriented particlehoard, board 6, with other 
l~oards that are 5krf thick. From Fig. 
11 note that initial visible failure occurred 
slightly earlier on 24" than on 16" spans, 
I ~ u t  the height to total failure tended to 
increase slightly when going from the 16" 
to 24" span. The benefit obtained from 
large flake geometries or cross lamination 
in resistance to total failure can be seen 
from the results of the oriented and wafer- 
type particleboards and plywood (Tables 
6 and 7 ) .  

The following summarizes the results of 
the sandbag test at the control condition. 
Shavings-type particleboard %" thick did 
not compare well with %" plywood in re- 
gards to impact strength and deflection 
properties when tested as subfloor/under- 
layment. Oriented particleboard on the 
other hand, was the equal of plywood as 
far as height to initial visible failure was 
concerned and was the best particleboard 
in respect to height to total failure. Chang- 
ing the span from 16" to 24" had only a 
moderate effect on height to initial failure, 
total failure and set, but had a large effect 
on total deflection. 

Results from Exposure to  Weathering 

Tables 8 and 9 and Figs. 9 and 10 show 
the change from the control condition as 
a result of the three types of weathering ex- 
posures. Figure 11 shows the effect of span 
on sandbag impact strength. In lieu of a 
detailed discussion, a few general observa- 
tions regarding weathering are given below. 
These were generated from all tests, not 
just those illustrated in Figs. 9 and 10. 

When boards were wetted as a result of 
48 h of "rain," they generally lost little of 
their ultimate sandbag impact strength and 
sometimes became somewhat stronger in 
their resistance to ultimate failure. When 
deterioration occurred, it was on 24" spans. 
Wetting resulted in much greater deflec- 
tion and permanent deformation from a 
12" drop on both 16" and 24" spacings. 

Weathering by wetting-reconditioning 
or wetting-heating-reconditioning generally 
produced the same results. The recondi- 
tioned strength values fell somewhat below 
control strengths, and the deflection after 
reconditioning was often but not always 
greater than that at the control condition. 
Deterioration of deflection performance 
tended to be slightly more pronounced 
when heating was present. Shavings-type 
particleboards, both urea- or phenolic- 
bonded, had lower sandbag impact strengths 
after weathering than did wafer-type 
particleboard, oriented particleboard, and 
- - 

plywood, in that order. 
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CONCLUSIONS 

1. The British impact test generally lacked 
the sensitivity to establish differences be- 
tween types of particleboard. When the 
13ritish impact test was used, the height 
~rceded for punch-through was a more dis- 
criminating characteristic than the height 
to initial failure. 
2. Most particleboards exhibited about half 
the punch-through or puncture resistance 
of plywood of equal thickness. Oriented 
particleboard had the greatest punch- 
through resistance of ally of the particle- 
I~oards tested. 
3. Wetting or wetting-reconditioning in- 
creased the height of drop necessary for 
p~inch-through. 
4. Height-to-initial failure from sandbag 
testing of boards 16" on-center was highest 
in plywood and oriented-type particleboard 
at each of the 4 testing conditions. 
5. The size of particles and board thickness 
were the characteristics that seemed to have 
the greatest iilfll~ence on the initial visible 
sandbag failure. Thicker boards or boards 
conlposed of larger-sized particles had 
grcater resistance to failure. 
6. Wctting. wetting-reconditioning, or 
wctting-heating-reconditioning generally 
caused a slight loss in resistallce to initial 
visible failure for boards over joists 16" on- 
center, while the effect was variable for 
l~oarcls 24" on-center. 
7. Coinpared with phenolic-bonded boards. 
the urea-bonded hoards incurred only 
slightly larger losses in sandbag impact 
strength due to heating. These losses might 
have bee11 much larger, were it not for the 
effect of sizing, which appeared to retard 
a thorough wetting of the boards. The ad- 
dition of a water repellent by a postmanu- 
factnring treatment might limit the losses 
evc~n further. 
8. Under all test conditions, plywood had 
as good resistance or greater resistance to 
total sandbag failure than particleboard. 
One-half inch and %" plywood on 24" and 
16" centers withstood a height of drop of 
1.3 to 2.7 times the average height required 
to totally fail 36'' shavings-type particle- 

board, 1.7 times the height to totally fail 
wafer-type particleboard, and 1 to 1.5 
times the height necessary to fail the ori- 
ented-type particleboards. 
9. The effects of wetting or wetting-recon- 
ditioning with or without heat on the 
height-to-total-failure was slight. 
10. In the case of floor systems, plywood 
and particleboard lost approximately equal 
percentages of their initial strength as a 
result of exposure and reconditioning with 
or without heat. 
11. Plywood and oriented particleboard 
deflected less under impact than other 
types of particleboard of equal thickness. 

FINAL COMhfENTS 

The results of this study are not intended 
to be used to establish impact criteria for 
particleboard at a level comparable to that 
of plywood. The impact performance of 
plywood is not the result of product 
engineering designed to meet use conditions 
but rather is due to the inherent properties 
of the cross lamination process. The devel- 
opment of design criteria for impact should 
be based on an analysis of impact loads 
actually encountered in structures. 

Some of the particleboards evaluated in 
this study exceed the impact strength re- 
quirements of some Scandinavian countries 
that presently use particleboard for sheath- 
ing ancl subflooring material (Haygreen 
1973). This suggests that particleboard can 
successfully bc nsed in the United States 
for o11-site building applications if the 
builders are educated to its limitations and 
proper applicatio~~. 

This stlidy has shown that exposure to a 
period of short-term weathering has little 
effect, if any, on impact resistance. This 
and the Fact that structural shavings-type 
particleboards ]lave been used extensively 
and with good success by the U.S. manu- 
factures of mobile homes and modular 
houses appear to provide justification for its 
consideration for on-site construction. How- 
ever, the most important task would seen1 
to be the determination of the magnitude 
of actual impact stresses, as well as the in- 



PERFORMANCE OF WEATHERED PARTICLEBOARD 103 

fluence that combined loading and/or creep HANN, R. A., J. M. BLACK, AND R. F. BLOMQUIST. 
1963. Ilow durable is particleboard? For. might have on reducing impact strength. Prod. 1. 13( 5 )  :169-174. 
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