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ABSTRACT 

'1'11c. tli~iirv~\ional c.11a11ges iir particlrl~oard ~mderlaymc.nt ir~stalled over plywood sul)- 
flooril~g on f l o ~ ~ r  s r c t i o ~ ~ s  ant1 cxposc,tl to different euviror~lnental corlditions wcrc in- 
\ c,\tig;~tecl. 

(;;IP f o r l ~ ~ a t i o ~ ~  ljctween pairs of 8-ft particleboard panels attachrtl by nailing occurrc.tl 
ri~pitlly 1111der dryi~lg conditiol~s, causing print-through on narrow strips of vinyl Iloo~. 
c , o \ c ~ . i ~ ~ p s  ;mtl rupture i l l  the l c ~  elastic types. Attac11nlt:nt 1,y glue nailing limited gap 
f o r t ~ i a t i o ~ ~  iund prcvrnted de\zelopment of defects in floor co\n . i~~gs .  IIot-melt coatings Iverc. 
c,ffcctive ill staljilizilrg yarticlello~ud panels of c c r t u i ~ ~  types \\,hen floor sectiol~s \xrerc. 
c,x~osctl at 80 F arltl 10% relative htunitlity, but werc, of limited \~alut> wllrrl cXaposrlrc5 
\ \as a t  120 F ant1 2070 relative h~lmidity. 

<:liai~gc.\ in  the distance fro111 the joint betweer1 p~irticleboard panels ant1 points that 
wc.rc3 initially 1. " ;i,-(i f t  fro111 thc joint varied with thc method of attachment of thc 
p;lllels to floor sections and \\.ere frecluently in the opposite direction from that lvhich 
(~c.cllrs in unrestrained panels. Tlte magnitutle of the change and the direction of ~ n o v r ~ ~ i r l ~ t  
art' c~splairictl in terlns of the corlcur~.e~it dimensional c1langc.s in thr  particlel1oan.1 ant1 
tlr*. p ly \ \~~o t l  sul)floor to which i t  was attached. 

INTI<OI~UCTIOA- lxoblems still occur in finished floor sys- 
particlelIoard was first produced t ~ n s  that :Ire caused by the movement of 

I,icrcially in tl,c Ullited states in 1946  articlebo board underlayment in response to 

j l,auil,crt 1970 ) .  Total productiOll has in- changes in moisture content. The study rc- 

crcilsecl rapidly since 1 9 5 ~ ~  al ld  \f,as 3 3  ported here was undertakcn by this labora- 

~ , i l l i ~ )~ ,  scluarr feet in 1970, The current tory to obtain information on the climen- 

grOwtll for the indllstry is in excess sional cliangcs of particleboard in standard 

of 2 0 ~ ,  year ( J ~ ~ ~ ~ ~ ~ ) ~ ~  1958; Arloli, 1970). floor systeiils exposed to different enkiron- 

A~~~~~ the uses of l,articleboa,.cl, one of inental conditions, and to cletern~il~c thc 

th(> 11iost i~nportant in terms of volume con- effcct of these changes on different grades 

sunled is underlaylllellt for floor coverillgs, ;ilid types of vinyl floor-covering materials. 

TIlc (~imcllsional properties board used The study \vas sponsored by Georgia-l';lcific 

for this purpose, are import:lnt. Sl~riilkage of Corpor"tiO1l. 

~~nderlaynlc~iit will mar the, appearance of l'HOCEDUI<I.: 
a floor by permitting print-through at the 
joints, allcl rllay ruill floor co\iering by Two conditioniilg cabinets of sufficieilt 

it to rupture at poillts of high stress. "ize to acc:omlnodate four 4' X 16' floor. scc- 
Problelns \\,bile of tio"s eacll were collstructed (Fig. 1). [nsu- 
less frequent occurrence those caused Iatioii and vapor barricrs were installed on 

shrinkage, also occur alld a1.e usual]y ill1 sides of both cabinets to minimize teni- 
rlralrifcsted by buckling of installet1 particle- perature and llunlidity variations within the 
board, thus 11ecc.ssitatirig major repairs to two units. One cabinet \\!as e q u i p p d  with 
the floor. electric heating units, blower, thermostat, 

Particleboard currently produc(:d for use and coil-type dehumidifier and was oper- 
as underlaymelit is mudl  impro\.ed in di- ated at 120 F and 20% relative humidity for 
~nensional stability coillpared to the rather the duration of the study. The other one 
unpro~nisiiig product that was first iiiallu- n7as attachcd by inc,ans of ducts to an 1100 
facturecl in this country. Ne>vcrtheless, cfm Aniinco-Aire Unit in parallel with a 

',\OOlR ,\Yil l ~ ' l l % K l ~  1 :39 f'A1.1. I!)??. \I. A ( : ] )  



Cargoaire, self-regenerating, clesic cant-type 
dchl~u~itlifiei-. I t  was operated at either 80 
F ant1 10%: relativc hunlidity or 90 F and 
9091 relative huiniclity, depeuding upon the 
type of test being conducted. The de- 
llulnidifier was disconnectetl whc~t  the unit 
\\]as operated at the latter conditions. A 
12' x 12' forced-draft, rescarch dr!. kiln n7as 
usc~l  for one gu)up of four floor sections. 

Floor sections were constructc~d using 
2" x 10" kiln-dried. southern pinc joists on 
16-inch centers and ?k-ir>ch, A - C  grade 
L>ougl21s-fir plywood subflooring. The sub- 
flooring mas installed in three pieces-a 
4-ft panel on each end of the floor assembly 
ant1 ail 8-ft panc1 in the center. Eight-penny 
nails spaced 6 inches apart wercx used in 
the. installation, and the grain clirection of 

tlie surface plics \.\;as oriented parallcl to 
the long axis of the joists. Except as other- 
wise noted, the, underlayment m7as ?is-inch, 
1B2 southern pine particleboard with a 
resin cor~tent of 11% and a specific gravity 
of 0.80. It \17as attached to the floor sections 
by c.itl1c.r the stailcli~rd-nailii~g patter11 rec- 
ommended 1)y thc National Particlcl>oard 
Association, a rnoclificd-nailing pattern in 
~vhic11 nail spacing mas one-half that of the 
standard pattcm, or by glue nailing using 
phenol-rcsorcinol, urea, polyvinyl nc:etate 
( PVA ), or casein adhesives. Two 3' x 8' 
sheets n7cre attached to each floor sc'ction. 
The moisture content of all panels i ~ t  the 
beginning of n test ranged between X and 
9%; This moisture content was used 
throughout tho stutlp l~ecause it corresl)onds 
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approximately to the inoisture content of 
southern pine particleboard at the time of 
installation. Construction details for the 
floor sections are shown ill Fig. 2. 

The response of 29 types ant1 grades of 
floor-covering materials to thc sl.resses im- 
posed by dirncnsioual changes in the under- 
layment was studied initially by gluing 6- 
inch-wide by 6-ft-long strips of vinyl sheet 
goods to the underlayment usi~lg a rigid 
epoxy adhesive and noting the development 
of print-through and ruptures at the joint 
l~et\veen adjacent particleboard panels. In 
later studies, floor sections of the same 
design were covered completely with sheet 
goods, and the performance of the latter 
\\.as studied as the uncierlavmrot shrank. 

Sixteen experimental runs were made. 
Each run consisted of four floor sections in 
one or the other of the two cabi11c.ts. Mea- 
smeinrnts of dimensional changes for 14 of 
the 16 runs \~~crce made over a 2-inch span 

across the joint between adjacent particle- 
board panels on a floor section (Fig. 3 ) .  
Brass eyelets were driven into prcdrilled 
holes on cither side of the joint at points 6 
inches frorn each side of the panel and at 
the center (Fig. 3 ) .  Changes in the climen- 
sions across the joint were measured with 
a dial-gauge micrometer to the nearest 0.001 
inch. This instrument was mounted on a 
frame with adjustable legs that were in- 
serted into the eyelets at the time of mea- 
surement. 

A similar procedure was used in making 
measurt:inents on floor sections included in 
the other two runs, except that eyelets were 
placed at distances from the joint between 
particleboard panels of 1, 2, - 6 feet in 
each of the two panels on a floor section. 
Experimental run number 15 was con- 
ducted at 120 F and 20% relative humidity. 
Measurements on panels included in this 
run were made to determine the movement 
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FIG. D. Floor section showilig pl;lc,~mc.l~t of eyelets for meas~~remc~nts  of tlimensional charlges. 

of the eyelets with respect to the joint. For 
this purpose, the initial distancc from the 
joint to cach eyelet at the 1-ft point, 2-ft 
point, etc. was measured 011 first one panel 
and then on the other panel. At prccleter- 
iniiled time i~ltervals, these distances were 
remeasured, and thc movement at each 
cyclet with respect to the joint was com- 
puted. The movement that had occurred at 
each of the six eyelets (three for each 
panel) representing the sane  distance from 
thc joint were averaged. These resi~lts were 
plottcd over exposure period to give a 
family of curves showing the relationship 
between exposure period and rnovement 
with respect to the joint for points 1-ft, 2-ft, 
c+c. from the joint. 

Run nuinber 16 was conducted ill a man- 

to thc joint for each cliqtance from the joint 
had been calculated, the values for thc cor- 
rclspondirig positions ( I-ft, 2-ft, etc. ) 111 the 
two panels were added together to gi\ o the 
total mo\ernent over span widths of 2, 4, 6, 
and 8 ft that included the joint. 

The length of the conditioning period for 
each run varied from 4 to 22 week5 At 
weekly intervals the floor sections 111 all 
runs except number 16 were removed from 
the conditioning cabinets, the colldition of 
the sheet goods was determined, and the 
dimensional changes in the underlaylrient 
were measured. For run number 16 mea- 
3urements to determine dimensional changes 
were made at 48-hr intervals. 

I)ISCUSSION OF RESULTS 

llc.r to that for number 1,5 except hfovement of standar(b-nailed particle1)oartl 
that a dry kiln was used instead of one of The avcrage changcs in dimension across 
the humidity chambers and the (,xposure the joint between panels of particlel~oard 
conditions were 125 F and 90% relative in floor sections are given in Table I for 
humidity. After the movement wit11 respect three expowre conditions. 



7 ~ lal<r>r;. 1. F:ffcct of inethotl of uttuchnlent on 
tlitt~c~r~siotrul cllat~ges i ~ r  ~~article1)oard vtrderln!yi~ler~t 
as rttcns~lrc,tl crt tltc joir~t bcftcc'cv~ two 8-foot-loilg 

l1aire1.c. it~stallerl oil floor sccliorls 

Methi~cl ~t 120 F 80 F 90 F 
Attachnient" 20% KII 10CL HI [ 90% RH 

I ~ l l ~ ~ l i l l -  

rvsc,rcitrol 12 ( 1 8 )  17 ( 3 )  1.4 ( 3 )  
]'\'A 70 ( 9 )  - 29 (:3) 
IJl.ea 1.5 ( 6 )  3 - 

(:;lsei~~ 4 ( 6 )  - 15 ( 3 )  
- ~- ~ ~ ~- - ~ - ~  ---- 

,I I k j r s  not include pnnt.1~ covered with shvet goods. 
K r l l ~ l l ) r r \  in p;~rentlicscs give thr nl11iihr1- of mcasll1.r- 

1ncnt5 rc.l)resrnted l ~ y  e;lch valrte. 

Standard nailing was ineffecti\e in pre- 
venting gap forination betweell particle- 
board panels. The gap bct\veen panels con- 
taining no floor covering, or Ivith only 
strips of floor covering on their surfaces, 
iucrcascd rapidly in width at 120 F-20% 
relative humidity and usually reached 
c.truilibriuln conditions in four to \ix weeks. 
Changes in length of panels occurred more 
slowly at 80 F-10% relative humidity. Aver- 
age gap widths after four \.r,eeks for the tn70 
exposure conditions were 110 anti 52 mils, 
rcspectivcly. Reducing the spacing of nails 
by one-half did not signifiea~ltly affect the 
sllrinkagc of the uiiderlayment at the joints. 

Two runs \vrrcL conducted at 90 F-90% 
relative, hu~niditv to obtain data on dimen- 
sional changes untler swelling conditions. 
In one, a gap of approsinlately 125 mils was 
left bc~tween panels during installation. No 
gap was left between panels in the other 
run. Dinlensional changes due to smelling 
in the former were comparable to those 
obtained under shrinkage conditions, but 
mere in the opposite direction ('Table 1). 
In the case of the latter run. thr distance 
acro\s the joint decreased until firm contact 
was made betwren the two pancls-about 
15 1llil5 nct movcnient-and then remained 
cvsentiallv constant for the renlaintler of the 
cluposurr period. No buckling occurred in 

TAI<I.E 2. Rntc of shrir~kage of l~a~~ticleboclrd tin- 
rlcrla!yit~ott l)atrcls g111c i~uilcd 11,ying curiorrs ad- 
Itc,.r.ice.y LL./I(,II es/~osecl at 120 1: clntl 20 ~~c~rcertt 

rclaticc h~rrr~idity 

the body of the panels and the distortion 
at the joint itself was minor, although the 
edge of one pallel was elevated above the 
other 3/16 to % inch in seine instances. Later 
studies, subsequently described, revraled 
that once firni contact is made between 
panels at a joint, the two panels continue to 
swcll as a single unit. Under such condi- 
tions, nlovement occurs only at the free 
cnds, and buckling docs not becoriie :I seri- 
ous problem unless the ends are restrained. 

Aloveineizt of glue-nailed particlebonrcl 

Clue nailing using phenol-resorcinol form- 
aldehyde, urea formaldehyde, PVA, and 
casein adhesives effectively restrained 
panels under both shrinking ancl s\vclling 
conditions. \17ith the exception of panels 
glue nailrtl using PVi4 adhesives, thc: di- 
incnsionnl changes sustained by glue-~~iiiled 
panels were less than 20 mils. Since r ~ ~ p t u r e  
of floor coverings applied as narrow strips 
norillally occurred at gap widths grc:ater 
than 30 mils, all adhesives tested we1.e ef- 
fective, thcre being no instance of sheet 
goods failure in any of the tests. 

The least cffcctive adhesive testetl was 
I'VA. It  permjtted an average movemc3nt at 
the joint of 20 mils for panels undergoing 
shrinkage and 29 mils for panels undergoing 
swelling ( Table 1 ) . Comparable vnlucs for 
phenol-rcsorcinol, and casein adhesives 
werc, in order, 12 and 14 mils and 4 :~nd 15 
mils. Urca forinaldchyde resin was not 
trsted m1dc.r high humidity conditions, but 
it pcrnlittcd an average shrinkage of only 13 
mils in thc tests conducted at low humidity. 

Unlikc. the case for panels attac11c.d by 



'I'AHLE ,3. Cornp(~r i~or~ of d i t n ~ r ~ ~ i v i ~ a l  ,stuhilit~ of hot-tn~'lt co(lted IT)o~igln,s-fi~. and rrncocjtccl .so~rthe~n 
~jitle l~articlcboard panels without sheet goods 

--- -- -- -- .~ . -- - - - 
Type of Undrrlayment Cumulative Dimensional Change (0.001") by Wvek 

and Method ot ~ 

-. 
Attach~nrn t  1 3 3 4 5 6 7 

- -- -~ 

(NO F-10% R l f )  

Douglas-fir, coated; standard nailed 0 0 1 1 3 5 7 
Pine, uncoated;" standard iiailed 10 29 42 54 64 72 78 
l'irie, uncoated; glue nailed (urea glue ) 3 7 9 10 1,'3 13 - 

(120 F-20% R H )  

Douglas-fir, coated; stanclartl nailed 3 7 18 30 37 - - 

Pine, uncoatecl; standard tlailed. 76 87 93 104 110 - - 
I'ine, uncoated; glue nailed (phenol-resorci~~ol glue) 16 16 16 19 19 - - 

I'ine, ~mcoated; glue n;~iletl (urea glue ) 11 14 17 17 - - - 
-. -- - -- . - - - .- 

:' Averngr v a l u ~  for two floor sections. 

standard nailing, the din~cnsional changes 
ill which continued throughout exposure 
periods of four to six weeks' duration, 
practically all of the rnovement in glue- 
nailed panels occurred during tht first two 
wceks. This point is illustrated ill Table 2, 
which gives data on average sh~inkage of 
panels by week for the four aclhesives. The 
rtlsponse of gluc-nailed undcrlaynient in this 
regard suggests that, with one r~irface re- 
strained by the adhesive, a liinited amount 
of movelnent still occurs in the upper incre- 
mcmts of a panel. 

Six runs with boards froin two manu- 
facturers that were treated with hot-melt 
coatings \Yere conducted. Boards from one 
manufacturer ( A)  were made of Douglas- 
fir and had a specific gravity of 0.72 and a 
resin content of 6%. Those from the other 
lnanufacturer ( B  ) were made of- southern 
pine and had the characteristics 1)rcviously 
described. Both sets of boards wcre coated 
by manufacturer A using colnmercial equip- 
ment. Coating thickness w'xs approximately 
2 mils. The results of these tests are sum- 
marized in Table 3, in which thc perform- 
ance of the coatcd Douglas-fir boards is 
compared with that of uncoated southern 
pine boards, and in Table 4, in which coated 
boards of both types are cornpared. The 
panels described in Table 3 contained no 

shcet goods, mhile those described in Table 
4 received a full covering of sheet goods. 

Coated Douglas-fir particleboard showed 
markedly less shrinkage at 80 F ant1 10% 
relative humidity than either coated or un- 
coated southern pine particleboard. 'Total 
gap width after seven wecks' expos~ve of 
panels without sheet goods was 7 mils. 
This value was only about one-half the 
shrinkage sustailled by a glue-nailed as- 
sembly of southern pine includetl in the 
same test, which had a gap width of 1:3 mils 
(Table 3 ) .  The comparable value for stan- 
dard-nailed pine particleboard was 78 
mils. For coated Douglas-fir particleboard 
covered with sheet goods, total gap width 
was 9 mils after 22 weeks' exposure at 80 F, 
compared to an average value of 2:3 mils 
for coatcd southern pine board inclut1r:d in 
the same run (Table 4 ) .  

The performance of coated Douglas-fir 
board exposed without sheet goods at 1.80 F, 
in terms of din~ensional stability, was con- 
siderably less favorable than that obtained 
at 80 F, but was still nluch better than that 
for uncoated southern pine board (Tal~le 3). 
The hot-melt coating appeared to rc:strict 
nloisture loss, and hence shrinkage, for the 
first two \\reeks' exposure. However, shrink- 
age increased rapidly after the second week 
and totaled 37 mils at the end of five weeks. 
This vahle was still significantly lower than 
the 110 rnils recorded for uncoated southern 



1 4 (:orn),clri.,on of tlin~c~n.rionul stobilit!/ of hot-n~c~lt  coatetl .sotrthe~n lline and Dovglas-fir l~crrticle- 
hoortl r.ooci.etl tcitlr cin!,l .shec.t goot1.r nnrl t~ttacherl to .s~rhfloor hrj stantlard nailir~g 

--- -- .-- .- -- -- - -. . - 
Typr o t  Under layn~cn t  C ~ n ~ ~ ~ l l ; ~ t i v c  Change (0.001") by Week 

.mrl hlrthrd , , I  --- -- - .. - 
Attachnlrnt 1 0  12 14 1 fi I8  "0 22 

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

(:ro F-10% RIlj 

l'inc,, coatrd 2 side.; 4 8 10 16 25 26 25 
I'i~rc,, coatrtl 1 side 4 ti 9 13 15 21 21 

Pint., r~ncoatcd 12 13 16 18 30 29 29 
Doi~glas-fir, coatvcl 2 sides I 2 1 6 9 9 9 

( l20 F-20% RH) 
7 - 4 6 8 10 12 14 

-- -- - 

-1 2 ti 4 (5 I'int., coatc,(l 2 sides 72 78 87 95 
l'inc., coatetl 1 sidc (i 3 1 49 70 77 84 93 
Pint., 11nco;ltetl -Fi 12 25 38 42 49 .5 4 
llo~iglas-fir, coatrtl 2 side\ 2 14 24 41 4.3 50 5 4 

-- 

pine board for the sanle period, but was 
apl3roximately two times as great as that for 
the two uncoated glue-nailcd assen~blies in- 
cluded in the same run. A shrinkage value 
of 54 mils was obtained for coated Douglas- 
fir boards with sheet goods exp0sc.d for 14 
weeks at 120 F. The same shrinkage oc- 
currcd in uncoated southern pint? boards 
(Table 4 ) .  

Hot-melt coatings were for all practical 
purposes ineffective on southern pine 
particleboard under both chxposure condi- 
tions. The gap between boards coated on 
both siclcs and covered with shec:t goods 
was 25 mils after 22 weeks' exposure at 80 F 
(Table 4 ) .  For control boards, which also 
contained sheet goods but mere uncoated, 
the value ivas 29 mils. ?\latched assemblies 
exposed for 14 wceks at 120 F had shrinkage 
values of 95 and 93 nlils for panels coated 
011 two sides and one side, respectively. The 
comparable value for control assemblies, 
which were uncoated but covered with 
sheet goods, was 54 mils (Table 4 ) .  The 
low value for the control panels was caused 
by a below-average initial moistlire con- 
tent of 7.0%. The reason the performance 
of coated pine boards was less favorable 
than that for sin~ilarly treated Douglas-fir 
boards is not known, but was probably re- 
lated to the surface characteristics of the 

two board types and manufacturing \rari- 
ables. 

Dimensio~ml changes over spans of 
different width 

Typical results of measurements of dil11e11- 
sional changes over spans of 1  to 6 f t  for 
particleboard underlayment attached to 
floor sections by staiidard nailing and glue 
nailing and exposed to low humidity condi- 
tions are given in Figs. 4 and 5, respecticely. 
Comparable data for nailed and glue-nailed 
panels exposed to high humidity conditions 
are given in Figs. 6 and 7. 

For panels attached by standard nailing, 
the span length from the center of the joint 
between panels on a floor section to points 
1 ft and 2 ft from the joint increased at a 
decreasing rate with exposure time, reaching 
a maximuni after approximately five weeks 
(Fig. 4 ) .  This trend was reversed after this 
period and the length of the 1- and 2-ft 
spans dec.rt:ased during the remaining two 
weeks. Changes in spans greater than 2 ft 
were negative; that is, the distance from thc 
center of the joint to points 3, 4, 5, and 6 ft 
from the joint decreased upon exposure of 
the floor assemblies to low humidity condi- 
tions. The rate of decrease increased with 
span length, and for any given span, de- 
creased as the particleboard panels ap- 
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Time ( W e e k s )  

l''i(:. 4.  Din~e~rsiol~al c.Ii;~l~gcs o\-c\~- spans of 
l ( A ) ,  B ( R ) ,  3 ( C ) ,  1 ( D ) ,  5 ( E ) ,  ant1 6 ( F )  feet 
111 pa~.ticlcbo;trd attacl~c.tl by ~tailillfi to floor sec- 
tions rxposctl at  120 l;-2OOc/r H I I .  

 roached equilibrium. Changes in span 
lcilgth for panels glue nailed to floor sec- 
tions follorved a pattern similar to that for 
pancls attached by standard naili~lg, cxcept 
that they were all negativcb (Fig. 5 ) .  

The procedure followed in rneasuring 
changes in the length of spans {'or under- 
laymcnt exposed to smelling conditions was 
identical to that described above, except 
that the joint between panels \?,as at the 
ccntcr of each span. Results of this phase 
of thc. study arc sunin~arized in Figs. 6 and 
7, which sho\v tllc relationship between 
changes in span ltiigth ant1 exposure period 
for panels attached to floor sc.ctions by 
standard nailing and glue nailing, respec- 
tively. Total elongation over an 8-ft span 
For pancls that were standard r~ailed was 
200 mils. Movement ovcr the same span 
length for glut,-nailed assemblies was 118 
mils. The elongation for shorter spans de- 
creased with decreasing span length. 

Thcsc, results show that the tlimcnsional 
cha~lges paral1c:l to the long a ~ i s  of panels 
of particleboard arc influenced to a sig- 
nificant degree by both the naturc of the 
attachment by which the panels are held 
to the subfloor and by  thc dimensional 
properties of the subfloor itself. For un- 

Time (Weeks) 

FIG. 5 .  Dimt.nsiona1 changes over sl);cns of 
[ ( A ) ,  "(B, 3(C:), 4 ( D ) ,  5 ( E ) ,  ancl 6(1,') feet 
in particleboard attached by nail gluinq to floor 
sections cxposed at  120 F-20% RI-I. 

restrainrd panels exposed to drying condi- 
tions, slrrinkage occurs in all points in a 
panel, with m;iximum movement occurring 
at points farthest removed from the c a t e r .  
The center itself renlains stationary. For a 
two-panel assembly such as that shown in 
Fig. 3, the change in distance fro111 the 
center of the joint to the center of' a panel 
is al\i~ays zcro. It follows that the changes 
in distance from the center of thc joint to 
intermediate points arc always positive. 
Similarly, the change in distance to points 
Farther removed from the joint than 4 ft (in 
the case of an 8-ft panel) would al\vays be 
ncgativc,, since the shrinkage of such points 
is toward the joint. 

When the underlaynient is restrained, as 
in the present case, shrinkage of the various 
points in thc panel towarcl the panel center 
occurs as dcscribcd abovcx, but the ccnter of 
thr panel itself moves toward the joint i~nder 
the influcncc of the plywood subfloor to 
which it is attachcd. Under these conditions, 
thc changc in distance from the center of the 
joint to a given point on the pane1 ntay be 



l i m e  ( ~ 0 ~ s )  

FIG. 6. Ili~llensional changes ovet spans of 
"(I), 4 iC ) ,  B ( B ) ,  and 8 ( A )  feet ~u particle- 
1)oal-d attachetl by n;~iling to floor sections ex- 
posed at  125 F-90% RII. 

positive or negative, depending upon the 
movement of the point relative to the joint 
( Fig. 4 ) .  The change in distance from the 
center of the joint to the centc:r of the 
panel would of course be negative. The 
magnitude of this change provides informa- 
tion on the shrinkage of the subfloc )r and the 
efficiency of the method used to attach the 
undcrlayment to the subfloor. With regard 
to the latter point, the greatest change 
should occur in glue-nailed assemblies, and 
the direction of change should ordinarily bc 
negative (Fig. 5 ) .  In this type of as- 
sembly, the underlayment and attached 
subfloor in effect move as a sil-~gle 16-ft 
panel with the joint between und(:rlayment 
panels as its center. 

Dimensional changes in panels under- 
going swelling should follow the same pat- 
tern as described for shrinkage, but would 
be in the opposite direction. In the case 
of ad jaca~t  unclerlayment panels on a floor 
assembly such as the one depicted in Fig. 3, 
movement in each piece of undc,rlayn~ent 
and subfloor would be outward from their 
respective centers; i.c. the distance from the 
edge to the center of each piece increases. 
During the early stages, movement of the 

T l m e  (Days)  

FI~:. 7, Dimensional changes over sp,111s of 
2 ( D ) ,  3 ( C ) ,  6 ( B ) ,  ant1 8 ( A )  feet in p:irticle- 
1)oard attached by nail gluing to floor sections ex- 
posed at  125 F-90% RH. 

particleboard is restrained by the p l y ~ o o d  
subfloor. which moves at a slower rat(, and, 
in a norinal floor assembly, in the opposite 
direction from that of the particlelmard. 
Moveinent in the plane parallel to the long 
axis of each piece is in two directions dur- 
ing this phase. However, after the "\lack 
at the joints is taken up in both the under- 
layment and subflooring, the total inove- 
ment in both materials is outward fro111 the 
center of the asscmbly. Froni that point 
on, the assembly moves as one piecc,. un- 
restrained cvcept for the nails holding it to 
the joists. Movement in the subfloor, while 
occurring at a slower rate than that for the 
particleboard, is in the same directio~~. It 
i\ significant that any movement in thv sub- 
floor accentuates the movement in the un- 
derlaymcmt. The effect is analogous to a 
person walking while riding an escalator. 
The total movement at the ends of a floor 
section is approximately proportional to the 
length of the section. 

Buckling at the joint between adjacent 
panels of underlayment was not sevrie in 
this study because the ends of the asseniblies 
were free to move. Had they been re- 
strained, as werc the interior ends, the ex- 
pansion ineasured here as horizontal move- 
ment would have been manifested by severe 
buckling of the panels. Because of the large 
spans involved, the potential for buckling 



of flooring in a house under cei-tali1 condi- 
tions is great if the underlaymcrit is re- 
strained and thus unable to lnove laterally. 

Performance of sheet goods as strips 

Development of print-through altcl failure 
of the samples were relatcd to the elasticity 
of the floor coverings. In theory, ;ill of the 
samples should have failcd, sincc stress at 
the joint was applied over a zero span. In 
actual practice, there was enough "give" in 
the system that failure occurred only after 
the development of a minimum gap width 
of 30 mils. For this reason, failure of the 
test materials, as well as severe print- 
through, was confined to floor sections to 
which the underlayment \vas attached by 
nailing. 

The incidence of failure was ]lot large. 
Of 62 tests conducted on 29 diffr,rent pat- 
terns of floor coverings, there were only 19 
failures. Sixteen of the 19 failures occurred 
in two patterns of vinyl floor coverings 
from thc same manufacturer. These pat- 
terns are relatively rigid, compared to 
products of other manufacturers. Nor- 
mally, print-through was either xbsent or 
barely noticeable prior to failure of these 
products. First failure was characterized by 
one or more ruptures 'h to '/1 inches long 
over the joint between particleboard 
panels. The ruptures increased irr size and 
number as shrinkage of the undc.:rlayment 
continued and eventually involvecl most of 
the cross-sectional area of the samples. 

Performance of sheet goorls as conzplete 
coverings 

These tests \yere conducted following the 
same procedure as that described above ex- 
cept that all floor sections were completely 
covercd with the test materials. Only those 
products that accounted for nlost of the 
failures in the preLious tests were included 
in this phase of the study. Results of mea- 
surements of panel movement arc: given in 
Table 4. 

An asphalt-base adhesive comnionly used 
in installing vinyl floor coverings was used 
as the mastic in the first series of tests. Gap 
width at the joint betwcen panels after 

eight weeks' exposure of two sets of floor 
sections was sufficient in four of the eight 
sections involved to produce failure, 1)ased 
on results of tests using strips of sheet 
goods. However, no failure occurred. This 
was attributed to the persistent tackiness of 
the mastic, which may have prcvented the 
floor covering from being stressed to the 
point of failure. That some n~ovemc*nt of 
the floor covering on the underlayment did 
occur is indicated by the fact that 'ir-inch 
holes drilled through the floor covering and 
into the underlayment were not aligncd in 
the two materials after a period of seireral 
weeks. 

Another set of eight floor sections war 
prepared identical to the first, except that 
Armstrong's No. S-235 adhesive was used 
as the mastic. The results of thesc runs 
were similar to the first. No failure i l l  the 
sheet goodr occurrcd in floor sections cx- 
posed at cithrr 80 F or 120 F after pro- 
longed exposure, although shrinkage \ alues 
twice as large as those previousl~ ob- 
served to cause failure were recolded for 
floor ~ections exposed at the higher tem- 
perature As mas the case with the other 
adhesive, thew was evidence of slipp,~ge of 
the floor covering on the underlaymcnt in 
these assen~blies. 

In the final test, which involved a slngle 
floor section, the same procedure described 
above tr7a5 used, except that a two-corn- 
ponent epoxy resin was used as the ~nastic 
to give a rigid joint between floor co\ ering 
and underlayment. The section was condi- 
tioned at 120 F and 20% relative humidity 
for 11 weeks. At the end of this period, the 
average shrinkage at the joint was 40 mils. 
No failure occurred in the sheet goods. 

Two differences serve to distinguih the 
results obtained in the above three tests 
from results provided by tests in wllicll nar- 
row strips of sheet goods were used, first, 
the total shrinkage at the joint between 
particleboard panels in a floor section was 
less when the panels were completely 
covered with sheet goods than w h e ~ ~  nar- - 

row strips were applicd; and second, the 
rate of shrinkage in panels covered with 
sheet goods was smaller than the rate in 



pai~cls on which strips were used. These 
facts arc believed to accouilt in part for 
the lack of failure of sheet goods on panels 
\vith a full covering of the test. material. 
'The smaller total shrinkage after approxi- 
~natcly equilibrium conditions mere ob- 
tained in thr pailcls indicates that partial 
lxhlief of clryil~g stresses in the panels oc- 
curred by internal relaxation, rather than 
114' esterilal shrinkagc~. Such internal ad- 
iustmcnt to stresses that accompaily mois- 
ture loss is much more Iikvly to occur when 
tlir. drying rate is slow than whcn it is rapid, 
as n7as the case for panels that rcc:eived nar- 
ro\v strips of sheet goods. 

The lack of failmc of tllr tvst I   late rial 011 

pa11rls the total shrinkage, of which ex- 
ceetlcd thc level at which failure occurred 
i11 11arro\v strips is more difficult to explain. 
It  is possiblc that because of thct relatively 
slow rate o f  gap clevclopn~ent, the floor 
co\,ering itself was ab!c to accolnmodate a 
\i.idcr Rap without failing thali was the 
casc 1\7llen rapicl shrinkage occui.red. 

The lack of failure in floor sec:tions with 
Full coverings of shcet goods is significant. 
Only those panels csposed at 120 F and 
low humidity for a prolonged period of 
tiinc shrank sufficieiltly to cause failure, 
oil the basis of results obtainecl by using 
narrow strips. Paliels exposed at the inore- 
nearly-normal scrvicc collditioils of 80 F 
and 10% relative humidity shrank only 21 
111ils on average after an exposure period of 
22 weeks (Table 4) ,  or about one-half the 
~unoullt observed to causc, failure in nar- 
ron7 strips. These data suggest that failure 
of sheet goods in the field ix probably 
caused in part by abusive treatnicnt of the 
undcrlayment during building construction. 
\.Vetting of panels by rain or sno\ir, or pro- 
longccl c~xpomrre to high humidity condi- 
tions, prior to the installation of sheet goods 
could result in excessive shrinkage of the 
underlaymcnt when the building is heated. 

Thc dimensional stability of particleboard 
underlay~~~c~nt  exposed to different environ- 
mental conditions was studicd. Floor sec- 
tions 4-ft \vide and 16-ft long were con- 

structed of 2" x 10" joists on 16-inch centers 
and X-mch plywood subflooring. Particle- 
board rk-inch thick wd5 attached to the 
floor sections by nailing, or by a co~ltbina- 
tion of nailing and gluing, and vinyl floor 
covering was glued to the partic1ct)oard. 
The as\emblie\ were exposed to sclected 
conditions of telnperature and humidity for 
periods of 4 to 22 weeks, and the dimen- 
sional change\ in the particleboarcl under- 
layment and condition of the floor cover- 
ings werc, observed at weekly inter\&. 

Attachment of unclerlavment to floor sec- 
tions by nailing did not prevent gap infor- 
mation at thc joint between panels and 
failure of floor coverings. Floor co\,erings 
usually failed following the development of 
a 30-to-50 mil gap. Two types of floor 
coverings manufactured by the same coln- 
paliy accounted for 84% of all failures dur- 
ing the study. Glue nailing li~nitetl gap 
formation to less than 20 mils and pre- 
vented failure of sheet goods. 

Dimensional changes sustained by panels 
at 90 F and 90% relative humiditv were 
about the same as those that occurled at 
lorn humidities, but were in the, o1)posite 
direction. Shrinkage of panels c,xposed at 
80 F ant1 10% relative humidity \\as less 
than for those ex~osed at 120 F 20'1 rela- 
tive humidity, even after prolongetl cxpo- 
sure. 'The difference was attributed to 
partial intenla1 equalizatioil of tlrying 
stresses due to the slower rate of ~no\~ement 
that occurrcd at the lower temperature. 

Hot-melt coatings were effective in re- 
ducing cli~nensional changes in Dou",as-fir 
particleboard at 80 F and 10%) irblative 
humidity. Shrinkage under these condi- 
tions \va5 equal to or less than that obtained 
\vith glue-nailed panel5 without hot-melt 
coatings. Thc coatings \yere also effective 
at 120 F and 20% relative humidity tor the 
first two to three weeks, but shrinkaqe oc- 
curred rapidly in coated panel5 thereafter. 
Hot-melt coatings did not perform satis- 
factorily on southern pine particleboard. 

Failure of sheet goods applied as narrow 
strips occurred only on panels attached by 
standard nailing. Movement of boards con- - 
taiiliilg strips of the test materials was equal 
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