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Studies on the chipboard
Part 1. Mechanical Properties
" by Takamaro MAKU and Ryozo Hamapa -

’Ihlu report is on the results of studies on the mechamcal propertiés

~ of the chipboard and on the bendmg strength of chlpboard beam.
1. Experimental procedure

1. Panel preperation
‘The wood j)ar'ticles used in this exﬁeriment are devided into the following 2 basic types.
S-type : 5cm long, 1.3mm wide, and 0.28, 0.61, or 1.18 mm thick,
shaved from beech veneer of 1.3 mm thick.
R-type : 5cm long, 1.2cm wide, and 0.24 mm thick, shaved from
1.2 cm thick lumber of Japanese cypress.
The weight of urea resin apphcated was 7.3 9% of particles m S-type and 6.5 % in R-
type, then the particles were conditioned to aboutA 12~139¢ moisture content and hot press-
“ed in the range of specific gravity 0.4~1.1.
2. Types of Tests. ‘
Measurement were made for the determination of (a) specific gravity, (b) moisture
content, (c¢) tensile and compressive strength, (d) modulus of elasticity in tension and
compression, énd (e) shearing strength.

'The testing pieces are shown in Fig. 1.
II. Mechanical properties of chipboard

1. S’tréng‘th—densi‘ty relation

The re’lations between the specific gravity and the tensile-, compressive-, and shearing-
strength of the chipboard’ (S-type) are shown in Fig. 2 and these results illustrate the
same relation as in wood. As for these relations, there are few reports hitherto Kovrr-

MANNY indicates an exponential curve and TurNEr? an linear relation between the mo-

dulus of rupture and specific gravity.



T.MAKU and R, HAMADA : Studies on the chipboard

Fig. 1 Testing pieces

Fig. 2 The relation: of tensile, compressive,
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As for the effect of the thickness of particles on the strength of chipboard, the influ-

ences were scarcely found at least in this experiment as clearly shown in Fig. 2. In re-

gard to this relation, TurNER also obtained the same result on a certain particle.

The relation between the elastic modulus and the specific gravity is shown in Fig. 3.

Fig. 3 The\ relation of elastic modulus to specific gravity
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In the Figure, E, seems to be a little larger than E, as same as in wood (E:, E, :;ela{stic
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modulus in tension and compression), but they can be regarded equal and the relation is

shown also in exponential curve.
For the chipboard of R-type or leaf-like shavings, the quite same conclusion seems to
be given except that there is a considerable difference between E; and E. in R-type chip-

board of spec. gravity 0.7 and over. It is noteworthy and important in practise that the

tensile s'trength g¢ 1s smaller than éompressive strength ge. -

2. Streng‘th—eléstic modulus relation

From above results the relations between ¢:; and E, o. and E are given as follows in

moistufe content #=0.124 (see Fig. 4).

Fig. 4 The relation of tensile and compressive
strength to elastic modulus
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IIT. Bending failure of chipboard beam

1. Stress-strain curve _
The typical stress-strain curves of chipboard are, as shown in Fig. 5, similar to that of

wood. However, as mentioned above, there is observed characteristics that the tensile
strength is smaller than the compressive strength, and in soft- and semi-hard-chipboard
which is of most practical uss, when the tensile stress reaches to the ultimate strength
the conipressive stress yet remains within the proportional limit, while in hard chipboard
the compressive stress reaches barely to plastic region when Lthe tensile stress reaches to

the ultimate strength. In this figure the simplified stress-strain curves are shown as dott-
ed lines.
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As for R-type the same matter can be explained except that in semi-hard and hard
board the slope of stress-st’rain curve in tension differs,pas. above mentioned, from that in
compression, but the following discussion are made under the simplification of E;=E,.

2. Single section beam A ‘

As for the condition vof bendingr failure of wood beam, Kon®, Sawapa® and the others
published the reports in consideration of. plastic region. On chipboard-beam, as obvious
from Fig. 5, the authors present the: stress diS'tljibution in which there exists the . plastic
region only in the tension side in cross section (Fig. 6) and this stress distribution just

coincides with the Kon’s one when the tension and compression side are exchanged. So,

Fig. 5 Stress-strain curves of chipboard of specific
gravity 0.50, 0.56, 0.64, 0.74, and 0.86
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with exception of a few incidental conditions, one can obtain the bending failure co-
efficients in the similar way as in Kon’s case.
For instance, in a simple beam which supports a concentrated center load.

Bending failure coefficient (caused by tension) in plastic region g,

were 7 = /22K | K=0B/OA in Fig. 6.
Bending failure cbef ficiehi (caused by ho_riéontal shear) in plastic region pas

— 41 —
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20y = ____‘3_0_'1“ -
1+ ot
' T l -
................................................ (3)
or , = gt il '
3o _ 1 !
pOb
- where .75 is shearing strength of chipboard, / span and % height of section.
.’Bending Sfailure coefficient (caused by horizontal shear) in elastic region .o,
— IZTb
TR
L (4)
. edy h
OI‘ Tb —_ 2 T—

Then, the critical value of A/l between eq. (2) and (3), i.e. (2/)., and that between
eq. (3) and (4) i.e. (/). is given as follows.

(1= Ao )

at
. , ‘ e et s (5)
P(h/l)ez ZTb J
. J¢ .
thus for /1 < (Ch/I) " eq. (2) is applicable
for  (h/Dy < R/l < J(B/D). eq. (3) ”

for kLl > (h/D), eq. (4) 7

Table 1 gives the illustrations of bending test pieces. According to this table, in all
test pieces h/l is smaller than (k/0)., namely, ‘the bending failure must‘be caused by

tensile failure (eq. (2)) and this coincides well with the result of actual bending test.

Table 1 -
Type | gravity | ©F 7 K | & ! R | (R/Dy | o(R[De | o
. 1
0.51 63 18 0.93 1.13 12 0.0946 | 0.514 | 0.572 67
0.61 105 26 0.75 1.13 16 0.0706 | 0.349 | 0,495 | 131
S ‘
0.74 155 38 0.89 121 16 0.0756 | 0.414 | 0.49 175
0.86 208 58 -0.63 1.16 16 0.0726 | 0.351 | 0.558 | 276
R | 0.6 85 23 0.68 | 0.98 12 0.0817 | 0.345 ;  0.54 117

— 42—
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The value of /I in practical use is regarded generally to be smaller than that of t»his
experimént, therefore it is enough to be expected that the bending failure is Caused main-
ly by the tension failure.

3. 3-ply composite section (all chipboard)

As for the bending failure of the laminated wood beam (3-ply), MorI, AsaNo® and SA-
wADA® have reported their studies.

To extend the | stress-strain relation from single section to composite one is somewhat
doubtful and, in general, with increase‘of the plastic region the stress distribution in com-
posite section which is only geometrical superposition of that in. single section shall
lose its accuracy. But in this report the authors will use this distribution as an approx-
A imation. »

The process of the stress distribution of this case can be devided in many cases, but
from eq. (1) - | |

gtA — 0.007EA — EA
JtR . OOO7EB E];

Where E,, Ejy is elastic modulus of core A and face B, 6t4, otn is' tensile strength of
- those, and n=0¢4/0t5, € =E4/Ez.
And in practise the bending failure of beam is mainly caused by the tension failure of

skin of ‘tension side, so the process of stress distribution in Fig. 7 becomes important..

Fig. 7
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This case js almost the same as SAWADA’s case with the exception of few incidental
conditions when its tension side and compression side are replaced. Therefore in the the
similar way as in SAWADA’s .case, the following modulus of rupture ¢ are obtained in the
beam under a concentrated center load.  (in such a kind of construction the maximum
shearing stress takes .place in the compression side of core A because the ratio Z/u is com-

paratively sfﬁall)
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Bénding failure coefficient (caused by tension) in plastic region
gy = 025 3a0—2 £o)- Abrop® T s e
b 2 [ o 7ol 2o +2280)+ i (o) g by ] . (D
w = e(1-gotnp?)+(1-e)nte?
7o = e(l—gotngy)+(1—e)nt

mw= D1 1 - 205 —el-e) @t (5 )]
A = a(1-K)

B = e(1-¢po+np)K+(1-e)nt,

b = th

go = ¢/h

Bending failure cozfficient (caused by horizontalishear) in plastib region uon

© . 271)
W0 = Tk O ) ©
............................................................... )
_ ’}'b(h/l)h
or 7 = *?——2—0-—*1

_ n _ Cat(d-e) (po—t)p
= g et Aot [ e

o : that of eq. N
‘Be,ndihg failure coefficient (caused by horizontal shear) in elastic region 0t
_ 21'1;
SN
/D

2Bo
Bo = hpo/2{ed?+(1— )22~ t)to}
g0 = 2{1-(1-e)po*~ 4"} -3H1-(1-e) o~ 4}

The critical &/l of eq. (7) and (8) (tha’f is (B/D)) is

), = 2t 7 B PR verenes S ~(10)

"The requirement of the critical value of %// between eq. '(8) and (9) ie. ,(B/1), is com-
plicated in calculation and may be unnecessary in practise, so it is abridged in this re-
port. In addition, the shearing stress”in glue line comes into question in general but

for soft or semi-hard chipboard core it can be neglected.
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The illustration of this case is given about the following construction. (Table 2)

Table 2
Type }o’m l‘m e ‘ n K /) vo | to I | hjl |(B]I)
spec. grav. k k
; core 0.4 | 150 ] 11 [0.29(0.27|0.7 (1647 0.8 /0.195 18 [0.091{0.120
_ face  0.74 ’
2 gore 059 1501 23 | 0.63 } 0.60 [ 0.70 | 1.59 | 0.80.201| 18 [0.088(0.162

According to Table 2, in both of type 1 and 2 the bending failure must be caused by
the tension failure of skin of tension side. But as a matter of fact, in type 1 whose

core is small shearing strength the failure is evidently caussd by the horizontal shear.

This discrepancy may be causzed by lack of uniformity of cofe or, as has been previously

mentioned, by the error rised from simple geometrical combination of the stress distribu-

tions of the single section.

4. 3-ply composite section (veneer-overlay)

This case is most important in practice, and first, the authors must find the relations

between o; and E, o, and E in order to determine the basic form of the stress distribu-

tion. That is,

for air dried wood {
0:—=20.=0.007E

{ 0'c=0.011E
o:=0.007E

for chipboard

then

oes 0.007E:  E.

7e=0.003~0.004E9=0.0035E

o 0.007Ex  En ’° n=e
Ocd — 0.011EA . EA_ . B _
oon ~ O00BEs S E, " P3¢ (D=ou/oen)

So, in tension side, both the elastic limits of core and face veneer exist in a same plane

and in compression side plastic region of the face veneer proceeds that of core, then.the

following 2 process of stress distribution are expected (Fig. 8).

System 1. for soft board (of low éhearing strength), overlaid by veneer of every kind

of thickness or for semi-hard board overlaid by veneer of comparatively thick.
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System 2. for semi- hard board overlaid by ‘veneer of comparatlve thinn.

ThlS classification is based on the results of Fig. 2 and 3, but in such a chlpboard
where the strength is large for its soecific gravity, the ‘‘System 17 transfer to the-
“Systen 27, so the ‘“‘System 2" becomes important. (The solutions for System 1 are
quite same -as Sawapa’s solutions for laminated wood beams)

As the requirement - of the curve of the horizontal shearing stress distributisa is trou-
ble-some in this section and in the beam whose core has the comparatively large shearing
strengeh, 1t can be con31dered that the bending failure is caused mainly.by .the tension
‘failure’ of skin, S0, hereafter,’ the authprs shall search abou’c the bending failure ’by‘\tension

failure excepting case (l) i‘n Fig. 8.

T

case (2) \ f %

case (1)

i

As there are hardly reported about the value of K in tension of veneer, the authors
obtained K=0.9 for some species, therefore it is expected that the case (1) and (2) in
Fig. 8. come up most frequently in practise. | '

a. In elastic région (Fig. 9)

From horizontal forces ZH =0 in Fig. 99

J o =o)X gr= )
Z{h [CE )

1:i~ 1-(1-e)p—14?*)
B 2{1-(1-e)go—1)}

M 41 (me)ei= - e)e 1) =31 (L eXed 1)
I =)o) 2—gpi—t)
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where M is the bending moment and W is section modulus. At the extreme sz=gcs, S0

the bending stress g is

Obe

_ H1-(A-e)el—tHHI-(1—e) (p— )} —3{1-(1—e) (p2— £}
1-(1-e)po—tX2—-¢po—t) (.Iw

.................. (11)
Maximum shearing stress 7m in core A is
_3Q 1 _ 8@
=0 hg, ~ 7288, ' ' ‘ (12)
2{ed?+(1-e)(24,— 1))t} , :
g0 = 2{1-(1-e)p’—£3)}—3{1-(1-e)(ps®— )}
Bo = — h¢u ] A
’ 2{ed2+(1—-e)(24,— )t}
@ : shearing force
b : width of section
Fig. 9 o Fig. 10
oz
P — 0
<t o
B N—= B ==
\ ]
\ . -
\\ A ‘} 1—l\_\\
A h A ¢ - -
¥ T \ “ T \\
\ A \\
7] \ 'S > )
_ } \ B L L Eee=—
B =N F =
P — (e
a2
2 h=2
b. In plastic region
case 1. (Fig. 10)
From Fig. 10 similarly
A, = 2(1 — oot ep®+(1 —e)t?
2{(1—pyt+ep)+(1—e)t,} _
_ A —gotep)+1-eto}h—{ep+A-e)t? (a)
e 21— ¢0)
M < for  6B1,-4C
- =oen(1=0) {3(1+¢0)~ m} ......................... (b)
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A = epet(1-o),
B = ep+(1-e)ty?
C = epl+(1-edty®

at the extfeme' ocB 2 -~ =g g
, v~

then ﬂ0=(1+m)/{0 (m—_'O'cR/O'tR) ...... TR T U TR (C)
from eq. (a), (¢)

o eop(e)tE
= S m e —epy)— (1=, e (d)

using this A, the bending failure coefficient (caused by tension) o, becomes from eq.

- (B
oy = ch(l—goo)';{3(1+(p0)—‘%} .............................. (13)
\ : 0

y (A4 = eq. (d))

and maximum shearing stress 7. in core A is

3@
Tm h———zbgbo
Go= (3B2—-4ACYAR
O_“““
4(e{2(1- po)+ A3+ (2(1— )t {(1— 00)+ A}~ 2e1,(1— ) A4
: ' - T ———— i (14)
— (1= e){t2A+2ulo(1- go)} ) A+e(24% - By
» (b = eq. (d))
then, under a concentrated center load
Bending failure coefficient (caused by horizoutal shear) o,
_ 2Tb
»0p. = W¢o
................................................... (15)
— 1ﬂb(h/l)h
or 7 = —-~‘2~——</)0

Bending failnre coefficient (caused by horizontal shear) in elastic region is from

eq. (12)

— 48 —
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271)

o = Th/hE " .
.................................................... (16)
T = eﬂ'b(h/l)h
2
The critical value (%/0); between eq. (13) and (15) is ‘gi‘verhl
h 27b ---------------------------
(l_)l B 2 I (17

case 2 (Fig. 11)

Bending failure coefficient (caused by tension) in plastic vegion

av=ai3(3m(1— @)1+ go— 210)+ (3~ Ko+~ {eCoo— Y = (1= ) ho= 0)1})

.................. (18)
2 =E[_ 1+\/1 -t teod’} G |
| —{( —€ )b T epo BT
A = (1-Ky
B = '{(m~mgoo)K—€¢0f(1—e)to
Fig 11 Fig 12
.
B B
Ah ¢ A
A
case 3 (Fig. 12) 5 .
Bendihg failure coefficient (caused by tension) in plastic region
0o =0in(3m 1~ 00)(1+ o —220)+e{3(Zo — £ ) — K2Ae2} + '—jéo— (po—2a)e3eveee (19)
' _ BT A
=G -1+ 1-epe 4|
A = «(1-K)

B = {(m—mgpy)—epi—(1-e)o}
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case 4 (Fig. 13)

Bendiu g failure coefficient (cause by. tension) z'dn"plastz"c region
ab=dm(37}’l(1—¢02+p¢02)¥6m{(1—§00+l’900)—(1—e)to}i\o

—_ [36(0)4.1')«6[{2{(0_{_1)2%(@_ 1)((0_2)}])\0&)... ..... : . (20)

e 20— (-t
~' 2o+ 2+ (01K}

w=pm/je, D=doa/o0r, M=0cp/otn
- p10=(1-K)4, ﬂ20=.(1+wK)20,A o= pre/h
Fig. 14 Increase of modulus of rupture hy

0.5, 1.0 and 1.5 mm thick. veneer .
overlay

%
™

200 - —

3(?0 : ' |~
S v
]
/

700 fammmm—

Rate of inc reas/ng

Bending failure coefficient o (K9/em?)

a5’ 720 wmm V5

70
overlay
Thickness of overlaid veneer

Fig. 14 is the comparison of the strength by eq. (18) or (19) when 2 cm thick chip-

board core .of specific gravity 0.65.is overlaid by beech veneer of 0.5, 1.0 and 1.5 mm

thick respectively.

As obioué »ffom vthe figure for this kind of chipboard the veneer o‘}erlay of 1~1.5 mm
thick in most effective in the stgndpoint_of bending strength, the thinner one is ‘uneffeé-
tive énd‘ the thicker ié uheconomical ahd the bénding failure caused by horizontal shear-

ing fajlure may often appear in the latter.

Summary

These experiments were periormed to find the relation between the mechanical pro-
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perties and the specific gravity in chipboard panels made from the particles of S-type
(5 cm long, 1.3 mm wide and 0.28, 0.61 or 1.18' thick) and R-type (5 c¢m long, 1.2 cm
wide and 0.24 mm thick) and to obtain the bending failure coefficient of chipboard ‘beam
of single section; and sandwick construction.

1. The relations of tensile-, compressive-, and shearing-strength, and elastic modulus

to specific gravity are shown as exponential curves (Fig. 2, 3)

2. The elastic modulus in tension and compression is nearly equal buf there -is
characteristics that the tensile strength is comparatively smaller than ‘the compre-
ssive strength and éxperimentally linear formulas (1) are estimated between - tensile,
compressive strength o, de and elastic modulus E.

- The coefficients of bending  failure caused by tension-, or shearing failure were de—
termined as eq. (2), (3) and (4) for chipboard beam of single section, eq. (7), (8)
and (9) for 3 ply composite section and eq. (13), (15), (16) and (18)~(20) for .ve-

neer overlaid sandwich section.
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