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In-Plane Dimensional Stability of
Wood-Based Panel Products IIL.*

Constraint of linear expansion by nail joints
with or without bonding™*!

Noboru SEKINO*? and Atsuhiko SUEMATSU*?

The effects of mechanical constraint by nail joints with or without bonding on linear expansion
(LE) were investigated for four types of commercial wood-based panels, namely, medium density
fiberboard (MDF), particleboard (PB), oriented strandboard (OSB), and lauan plywood (PW).
Small size specimens jointed to lumber were made and measured for panel LE along the lumber
under humidity cycling from 33 to 95% relative humidity at 20°C. The main results obtained are as
follows: 1) The effects of nail joints without bonding on LE constraint were rather small ; about ten
percent reduction at most for PW and OSB, and thirty percent at most for PB and MDF when
compared to free panel expansion. 2) The above small contribution of nail joints could be explained
by the panel being laterally compressed by the nail, thus resulting in gaps at the nail fastening as the
panel moves ; the gaps calculated from the results of shrinkage load and compression tests agreed
well with panel LE. 3) Nail joints with bonding showed much effect on LE constraint ; about
twenty-five, fifty and sixty percent reduction for PW, OSB and PB/MDF, respectively, when
compared to free panel expansion. 4) LE of panels nail jointed with bonding was in the order of
OSB<PW<KPB=MDF, which agreed with swelling stresses experimentally obtained for matched
panel samples.

Keywords :  dimensional stability, linear expansion, wood-based panel, nail joint.
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270 mm

Nail (CN50)
@135mm or 90 mm

Gauge length (240 mm)

1
.
H
;
- e o'
\_ Wood-based panels
\ 75 mm X 300 mm X 12 mm

\— Lumber (Douglas—fir, Pseudotsuga

menziesii, density: 0.49 g/cm®)
45 mm (T) X 105 mm (R) X 380 mm (L)

Fig. 1. A joint specimen measured for a panel linear
expansion. Panels were jointed to lumber by
nail with or without bonding (urethane base
resin for construction, spread: 300 g/m?).
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2.1 #HEMAES L UESEERG

Table 1 12T 4 EEOTHRAE R —F (Fi#EH"
ER—uy b, ERIGHEER 1) » 5, 875 mmX
R &300 mm OFRABRF 2 LI L7z, 7272 L, K&
FEiZ, & (PW) & OSB TRXEEOBMEE R
MIZ—E&¥, /N—7 4 Z7)VHR—F (PB) & MDF
TRPEFAIC—RERT, ZhoDEBRF %, U
T4 E&ETEMROZIHICES LR (Fig.1&
M),

s Baxt

N@135 T84 (CN50, 37, [ERE135 mm)
N@90 §T#:4 (CN50, 44, RERE90 mm)
BN@135 gTEEfA (Ne@l3s+#E#l)
BN@90 STEEEGEA (N@90+#5EA)

72721, #7 (CN50 ; £&50.8 mm, £2.87 mm,
BEER6.76 mm) 3NV —THb, 20K, f—
FIZI3E 2 mm OFH R BRI 72, BEEAICZY vV
¥ v REERESEER (HEAR) v vy YT,
Bt "y Fay ) BERLUE, BHAEIZI00
g/m? T, BAMESEIIEBE Lz, EfE, B
EDOERBICELETEICEIAEEHDAHE LT, 3
BB X UORZUMIE, BERNC20°C, fHREE (L
T, RH £587) 62%TH 1 »BEIEE ST,

Table 1. Characteristics of commercial wood-based panels measured for linear expansion.

Panel types®

Symbols Adhesives Density
(g/cm?®)

Notes

Plywood PW MUF®
Oriented strand board OSB PF®

Particleboard PB UMF®
Medium density fiberboard MDF MUF

0.62 Tropical wood plywood

(lauan), 5-ply
(1.843.4+1.8+3.4+1.8 mm).

0.71  Aspen (Populus tremuloides), powdered resin :
20

0-

0.80 Three-layer construction with fine particles at

faces and coarse particles at core, resin con-
tent : 13% (face), 8% (core).

0.70 -

® Nominal thickness of panels: 12 mm (9.5 mm for OSB).
® Melamine-urea-formaldehyde resin, ©® Phenol-formaldehyde resin, ® Urea-melamine-formaldehyde resin.
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D LE 2§l Lz, LE B LB R & 1%, HBK
WCHEDRAARRZODOESADOER (240 mm) & L, B
] ORIFES (1/100 mm FEE) ZHVTHIE L 72,
%®, HEERARD OBREEFER LGS,
O SRR N 3 2 LE #IERE 13, +£0.005% T
BB, BEIIEAME 9 mm, AE 6 mm OREF v
FEAW, EOAAMER, BEERBREB LUR
— FEAETRIA— NEAROFRE L, 2ZIJHEE
TREAHICIET 2 IKEEEARORR L Lz,
SRERIA % 62% —>95% —62% —33% —62%RH DJE
12, 20°CT 4 B D OFE L, FIHA62% RH ST
BoRS 2EH#EL LT, % RHFEBKTHEO LE ®
BHL%, &8, 62%RH ORI EREEZENT,
33% B £ M95%RH D FHE X FZFIEAER (2=
1 MgCl,, KNO,) 2Ty —FHTTo7,
%7z, 95%—62%RH DOEIRERES X 1833%—62%
RH W& Tk, EEE L, 2, 4, 7, 14,
2IHECR S LEE®HEL, LE B L UEKED
REFE(LEFANT, 2B, AEBESZ, BEEHRGE
T15%M514, R—FEETESE, ZUMTSHHE
L, HIEMERZOFEHETTHEL 72,
2.3 HEMEEERS & UUNHFEIC & 3 ETRIERE DR
E
ZFMICEES S e R — R SEIE T 5 B,
FTEMEAS R — Rz DA & LE 306 S < &
3, AWFETIE, HVAAEREDERER2E2
Je®, ZREOHEIER{To 7z, =21, Fig. 2 IZ/RY
B LR L 2ESEMERERTH 5, R— FHIHE
WX 7 E X 5 mm OFM CEMEIEmEMAgL,
EhL (7ax~y FBEE) —fHEMEEE. &
ACREE X, 20°C62%RH ¥ & V'95%RH 1z 53 %
2K#EL Uiz, FHEREENZ 1 £M1046T, B—7FH
EHRIZ T OTIETFHE L 720 5 —Did, Fig. 3

Load (speed: 0.5 mm/min)

Steel loading plate adjusted to
contact specimen surfaces

Nail (CN50, driven
after preboring by 2
mm in diameter)
Specimen; fully
conditioned at 20°C and
62 % or 95 % RH after
nailing

(size: 50 mm X 50 mm)

Compression plate
Universal testing machine

Fig.2. Schematic showing compression test by a
nail.

IR EEE & &I X 2 ETREEEDHIE TH %,
20°C95%RH T 4 MM EEAE S - RB k%
200C62%RH e Z&FE L, IGEIWC X D EU 3 ETAIERA
BERI2EMAIE LTz, 72720, B BEOREM
ZHERR T 270, FHI.SN DBRHER2E 2 72, 3
BB 1 &5 4T, HIEFEIZZNS DFHET
ML Z72, ETHEOS I —HBEEHAWTE
B ewmERRHEL, BB X 5 E5KFEL
PHRNI,

24 [EZBEHhoRIE

Fig 4 WRTEBEZHVT, RBIZLXB3FR—FE
SAMDIZE RRE LT, BIESEZLITO®ED
THb, BE | 20°C33%RH, HEREF D ZBIRILE ;

Upper grip (to load cell of a universal testing machine)

Stirrups adjusted to contact
7 specimen surfaces

t Nail (CN50, driven after
drilled 2 mm in diameter)

270 mm
Fixed

Specimen; fully conditioned at 95 %
RH and 20 °C before testing
(size; 75 mm X 300 mm)

Fixing pin (8.5 mm in diameter)

Lower grip with fixing plates adjusted
to contact specimen surfaces

Fig.3. Schematic showing panel shrinkage load
test. Load was recorded for 12 hours after
exposure at 629 RH and 20°C.

s o iiet? 4
=" VvV

Ty

Steel fixing bolt
to prevent bucking

Specimen: fully conditioned
at 20°C and 33 % RH
(75 mm X 300 mm)

Steel fixing plate

E N

Load cell

Fig.4. Schematic showing panel swelling load test.
Load was recorded for 12 hours after expo-
sure at 62% RH and 20°C.
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2R T 57-9, FHI.8N OEMEHRE
2527, RBERKIT 1 &4 T, AIEEZZN
S DEETTE L 720 72, ATEDS I —HBk
rAwWCERS L eERRHIEL, TRICK
B EAEELERNI,

3. BRBIUEE

3.1 LE #IFIzh%E

BF U, BRI RBEOSKEERCE
B3 %, Table 21, & — FE{EB X OZFHEED
SARREERL TS, 28, BEEFABRFCEL
TH, THZhOFEMEKZEZ Table 2 OfE & IFI1
FAETH2 I EVEERECLVERIN TV S,
WE, BAIORIERT v 7 TH595%RH D& k=K
2Rz, R—FTRFHEHEAED TIZIZTELZOD

Table 2. Changes in moisture content of the panels

and lumber tested for linear expansion.

Relative humidity at 20°C

Symbol

YIRO'S  69% — 95% — 62% — 33% — 62%

PW  10.1 17.8 13.2 105 12.3

0SB 8.2 16.6 11.9 8.6 11.0

PB 11.3 15.6 12.9 10.0 12.4

MDF 9.1 14.0 11.2 8.8 10.6

Lumber 11.1 155 11.4 8.0 10.2
(Unit: %)
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Fig. 5.

XL, ZOMTIRFEESAE (§924%7) T
PR VELS R, Thbb, AT v 7 4BHEOD
FRIZ, MEOKERZUM EAI K-zl
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& To LE (Fig. 5 DiRiE, 4LE L27) 20T,
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¥ 9, Fig. 5 icB8WT, K— F8{ED 4LE, &
bbb, dLE, KEHT %, ZOFFZ OSB<KPWK
MDF<PB T& D, #% 2 &I 2 HFDK 3 fEDME L
%57z, MDF % PB O~T#ELEEDES 3EH T
&3, LaL, ZUMCESEES S MDF ® PB
Tl&, 4ALE 3 PW Eifk® OSB Bifk X [F% 5 THIE
EhTw3, BEEHF L2 LEMGEOER,
Table3 FERDIEETRE NS, #[HAICL 3 4ALE
DIETI, PWELOSBT1l1HEEETHY, PBL
MDF THEA3EI Loz, —F, EEFBHHAS L
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Comparison of changes in LE among panel types and joint types.

Legend: O: Control panel, [1: N@135, A : BN@135, @ : Lumber.

Note:

Constraint index, = (ALEs—A4LE;) / (ALEs—4LE.) X100 (%).



2000429 A]

$THE B & VR T X 2AKRE R — F ORIEZROMH 445

Table 3. Effects of nail joints or bonding on the linear expansion of panels. The entire LEs over the humidity
cycle (amplitudes, 4LE, shown in Fig.5) are compared among panel types and joint types.

Joint types

Panel types

PW OSB PB MDF
—Indices where the relevant control sample equals 100—
N@135 84 88 79 77
N@90 105 98 87 71
BN@135 7 54 39 39
BN @90 72 44 43 35
ALE of the control 0.107 0.092 0.323 0.304
samples (4LEp, %)%
—Indices of constraints, @ (%, cf. Fig.5)—

N@135 29 25 25 28
N@90 -9 4 15 34
BN @135 42 96 72 72
BN @90 50 117 67 ik

2 ALE of the control lumber (4LEL) : 0.048%.
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b a 130 %, ZUMEE LRSS TlHShn
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TR 7 BHE) TEEEEOHSEIELTEY,
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EEcd Y, FHRE L THEOMICERERIZED
S5hiz, 2B, 0SB TIiX LE & DfE E THEATL 72,

[ o—PW —o—0s8 —a—PB —B—MOF e Lumber

0.25

0.05
000

0 5 10 15 2 25 3 o 12 1 16 18
Time(days) Moisture content (%)

Moisture content (%)

Fig.6. Changes in moisture content and relation-
ships between moisture content and LE under
the desorption process from 95% to 62%RH.
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Fig. 7. Changes of LE for the MDF panels under the

desorption process from 95% to 62% RH.
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Fig.8. Shrinkage load behavior of the panels
exposed to 62% from 95% RH at 20°C.
PW: y=862In(¢#) +15.9 (»=0.99), v=26.3
«dmc (r=0.94)

OSB: y=2641In(#)+4.3 (r=0.99), y=17.82
-dmc (r=0.94)

PB: y=2781n(#)+29.0 (»=0.96), y=83.4

Notes:

-dmce (»=0.99)
MDF: y=28.91n(¢)+30.9 (»=0.98), y=98.5
- Amc (7=0.99)
1200 1200
62 %RH 95 %RH
1000 | 1000 |
PW
800 | Pw\ 800
2 P8 2 P8
2 600 F '2600 -
400 + - 400 |
4 "
200 | /. MOF 200 . osB
0sB MDF
0 — 0 AR
0 01 02 03 04 05 0 0.1 0.2 0.3 04 05

Displacement (mm) Displacement (mm)

Fig.9. Load-displacement relationships in compres-

sion test by a nail.

Table 4. Comparison between linear expansion of panels nail jointed to lumber and compression displacement
(Dc) calculated by shrinkage load and compression tests.

Load (N) D. 4L/29
Panel types N® Nc? Mean (mm) (mm)
PW 70 (74 74 0.08 0.03
OSB 22 31 26 0.04 0.04
PB 211 187 199 0.19 0.17
MDF 220 215 218 0.23 0.14

) Shrinkage loads at four-week exposure calculated by regression equations of load-t and load-Zmc relations

shown in Figure 8.

¢ Half of the linear expansion observed at the first exposure step (62%RH — 95%RH).
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Fig. 10. Swelling load behavior of the panels exposed
to 62% from 33% RH at 20°C.

Notes: PW: y=2851n(#) +15.0 (»=0.99), y=97.7
«dmc (»=0.99)
OSB: y=12.61n(¢) +3.4 (»=10.99), y=170.2
+dmc (r=0.99)
PB: y=117In(¢) +29.7 (»=0.98), y=437-4
mc (»=0.99)
MDF : y=1311In(#) +40.2 (»=0.98), y=514
«dmc (=0.99)
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