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Studies on Fracture Toughness in Internal Bond and Tension of
Particleboard*!

Han Seok Kim™*?2: Phil Woo Lee*2

SUMMARY

The objectives of this study were to investigate the relative effects of specific gravity and particle
size on internal bond and tensile strengths and fracture toughness of particleboard and to compare
mechanical strength with fracture toughness.

The particleboard was manufactured with three different particle sizes at specific gravity levels
of 0.6, 0.7, and 0.8 with a resin content of 10% based on oven dry weight.

The results were summarized as follows:

1. Internal bond strength, fracture toughness in internal bond test, maximum tensile strength, and
fracture toughness in tension test increased with the increase of specific gravity of particleboard.

2. As partcle size increased, internal bond strength, fracture toughness, maximum tensile strength,
and fracture toughness in tension test increased.

3. The maximum tensile strength and fracture toughness appeared to be in a direct relationship,
and then maximum tensile strength could be used for predicition of fracture toughness for tension
test.

4. The fracture toughness in internal bond test was somewhat independent on induced crack length.
Key words: crack length, fracture toughness, internal bond strength, maximum tensile strength, particle

size, specific gravity.
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BEE® BiERLE 63% 0l 185 BilERS
ewAElEEY 1028 A7 e

LB 25 NHCL10% 58948 SiREFS
Wated 10% & 78t SxogAL: Mg

Table. 1 Characteristics of particles

Classification Screen Particle size
mesh (avg )(mm)*!
- 2 >
Small 40, 2.22(L)X
+14 0.35(T.)
Large —14 5.66(L.) X
+8 0.78(T.)

*":Average dimension of 100 particles randomly
se lected
Blggel st 128 Hrisdo
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321 Hro) s

MzF Brmel Av]E 30X25X15m=E Ao
o, RIEEE S 0.60, 0.70 ¥ 0809/ciE &) B
BHe g Azgch agn e segs
9ol gm g Type 1 0.8 & L}_Ha%uy =
HEE Type I, 2t el 23 £ He 2 1182
BAHsI ¥HE B =3 Type melf;z ER sk

=2

EEEEY BERRIE S 14502 3l a1, EBEHS

13 }‘3”—% 25kgf/ont . 2 583F f R 8ted =

Foll Mewl dol o) At A KEE
HEHE HElA AT EQ MRS 3027 AAE
ol thAl 20kgt/em o2 ¥ 3¥, oA BEHE
WA 15kef/enl 0 2 28 7F A8 ol BERES =
2EAAER BE g HARSHD (Fig 1), 18]

olepztol AT BB A R - BRI
15U RMERES 3 & HAAB o2 o]
3ttt

323 ABH

HEEY 4 akESES A ARh S ASTM
D10370 whel gomX4emB Al ZEAIT HIEEAR
A K2 ASTM D10379l @} Fig 2%t #ol Al
Apshod 3, WEHEIMEEE £3817] /et Fig 2(b)et
2ol AKE Aetd o, ol 2 cracke) ZHol=
band saw$ o‘&ow 0.5, 0.7 2 09cme] H7HA &

Z=7
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Fig. 1. Hot pressing schedule
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{a) Specimen for internal bond.
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(b) Specimen for fracture toughness.

Fig. 2. Specimen for internal bond testing.
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2|ERBR A& ASTM D1037-72a° et nec-
ked-shape® Fig. 3@ ol AM#3A3, BIEHHfE
2 7317 98 HHA S Fig (bt &ol Azt
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05cmE HERD
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(a) Specimen for maximum tensile strength.

1
5.1cm
Mrosen L

25CM i
L0 en ————]

(b) Specimen for fracture toughness.

Fig. 3. Specimen for tension testing.
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Table 2. Average specific gravity and moisture co-

ntent
Target sp.gr. | Avg sp.gr.”’ | Moisture content
(g/cnt) (g/ct) (%)
0.6 0.603 11.15
0.7 0.689 10.77
0.8 0.781 10.31

*!:Based on the oven-dry weight and air-dry vo-

lume
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2ol 7% ASTM E3999] £ 8ol th ¥ plane strain

Rep o] ek B e, o178+ hoi A

#(3)S o] &3to] WIEEMME BT Utk

K =Pyney 71 7@ soeeeemremmesssssesnsncenas 3
Puax - B oA B AHES (kgf/cnf)

a . crack Zo](cm)

AT K(3)S ME FREHS RED BW
Rolvh, 1eid RBAK S BREMEACI LR
o] & 9] Hgoliz thr FAHo] BT by
Mg oe FEER A A5 i 2o A<l
WS 787 Ete] oY Kikel BAol
ApgEo} gtok 1A K(3)o) B H B K
2 dEgso] AFEHI v

K =Py e a s ¥ ooeeeresmemsnsenenens 4)

Puax . SEE ] B AKES (kgf/cof)
a . crack Zol(cm)
Y CEFEA wE BAA S (geomet-
ric corrected factor)
F RN S BEEPNREE 7317] fl8td o
23 2& K(BE AHE3trh

K= Puw(a)? - Y - (a/w), (a/w<0.6) - (5)
Pua - ZHES 1A= BAHE S (kgf/cnf)

a . crack Z](cm)

w CRAE E(m

t A FA(em)

Y(a/w) =199 —041(a/w) +18.7(a/w)* +38.
48(a/w)>+53.85(a/w)*

e & (5)+ Brown¥ Strawley(1966) 71 5liE
HEEHE A single-edge crack® Xd S Bl B
HEIEES T8t el AbR S KA, FH(Sch-
niewind and Lyon, 1973), #l @4 Felolai =
(oriented flakeboard) (Lei, 1978), HE| & ¥ = (lce-
wicz and Wilson, 1981)° Ul & BUEEIMEME
817) 918t B apEo] o] K& ol &8to] Hrh.

3243 HEAR

Fig. 2(a). (p)olAieh o] #ule AW E Hot-
meltEFBE A48t REIE A, 15X5X 1em
o) &REMAolo Wi ZAshAIT Foll AREM K
B (Zwick 156) o1 A FIEEEE 5mm/min2 8
o BARES T8H RS ol &3t Hgkn
Ee gHetga, R(5E ol &3t BIR¥ME
(Ko & Hitggh

LB (kgf/cm P/ o t werveeeemmmsesenenenens ®)

3244. 7IRRR

3|4EERER S Fig 3(a), (Mol At ol ¥ &t
-2 Instron 4201902 FEER 5m/min® &
RAWES 78 9, K(DE ol &3ld 5|RBEES
Fatga, X()E o8t WEEMEMEE Wi
s ok

%]éﬁﬁfg(kgﬂuﬁ) = _E._— ..................... 7

P B KB (kgh)
A e T R o)

4 R Y EE

4.1, HmEER

4.1.1. CrackZ ol w2 WHEIHE

& B A= 05, 0.7, 0.9cm A 01 €] crackS THE
A S ABsled, K1) T3t BRI HEES
T8 A Table 3% 3tk 18131 Fig 4014
BodF50] crackZolol het BHUEEINEES] ke
e #atrh glo]l Aol dAME vhehin QY.
o] ¥ crack ol 7t HWHEEI A BirioletE Jo-
hnson(1973) &) -+ A Fatoll s A8 Sch-
niewind®t Lyon(1973), particleboard®l thal &
8 Ticewicz¢t Wilson(1981)¢] &-79F fAMEE 4
& vehl 2 ok a2 BRI crackZ ol

el Bmarmgolahe AbdE #HAE £ slen,
BEENEE A Ao ger 48 7
ek,

412 HEO whB P Ee HRERE
HES) wE HEEMiEE Fig 5, Fig 6, Fig.7
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Table. 3 Average value of LB. and fracture toughness at crack length of 0.5, 0.7 and 0.9cm

1. B. fracture toughness

CcL"! 0.0 0.5 0.7 09

PS*?|Type I [Typelll| Type Il {Type I |Typelll | Type Il |Type I |Typelll {Type Il [Type I [Typelll |TypeIl

0.6 510 6.42 746 | 1644 | 1757 | 19.23 | 16.74 | 1784 | 21.61 | 16.11 | 18.16 | 20.58

0.7 6.28 6.84 913 | 1790 | 2151 | 2401 | 20.67 | 24.70 | 27.11 | 23.00 | 2791 | 30.29

0.8 6.70 8.19 | 1046 | 2045 | 2361 | 2457 | 23.83 | 27.11 | 28.82 | 27.20 | 30.55 | 31.96

CL*' I Crack length(cm)

PS*? : Particle size
o Fig 8ol Mo} o] fro] Z7tgtel} me} Zx 3
R g ok FASE AUE HAFD Ak ol YA
L D . Aol wEol HEIS Yol F7Hgl oo} v
= 20- ° Sujte) ShE|ERh o) Aok A 1wkl
Z ° BERV) GASDS EEEMES HIgE )
| 2 . : F7hHE Ao A7sel Ut 12T Table 4
- I . . 05, 0.7 % 09cme] crack@olol Ml HER B
215- BIVEMEZES) Ao HES figbmiEste] DA
T F e : Eig ko 2 e Rolch,
£ 05 0.7 0.9

Crack length(cm)-
Fig. 4. Relationship between fracture toughness
and crack length at sp.gr. of 0.8
M} go] AMHo g Fi3te] HEo] 7t
o whe} WIEHEMEVE Z7tete B8-S RoFn
ek 22l 3 cracko] fl Ao HIBERE S

413 e} A7)0 & HEEEES HEER
i3

sE} gl A7)7b F7bgel =} Fig. 9, Fig 10,
Fig. 11014 Ho|F%o] WM E7T S71ete
A4S ¢ 5 don, Fig 120149} ol Higs
Er ek A%E ¢ F Aok o] d4] 3

Table. 4 Regression equation for fracture toughness and internal bond

Crack Particle Regression
length(cm) size equation_
Type 1 Y=19.92X+4.28(R*=0.97)
05 Type 1 Y =30.18X—0.23(R*=0.97)
Type 1 Y=26.60X+392(R*=0.83)
pe 1 Y=35.42X—4.38(R*=0.99)
Fracture Type : —
toughness 0.7 Type 1l Y=46.37X—9.24(R*=0.93)
Type 11 Y=136.07X+0.60(R*=0.92)
Type 1 Y=155.44X - 16.71(R*=0.98)
0.9 Type W Y=61.96X—17.83(R*=0.98)
Type 11 Y=156.93X —12.24(R*=0.86)
Type 1 Y=28.00X+0.43(R*=0.93)
Internal ! -
bond 0.0 Type 1lI Y=28.84X+0.96(R*=091)
Type 11 Y= 15.00X — 1.49(R*=0.99)
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Fig. 5. Relationship between fracture toughness

and spe cific gravity at crack length of 0.5cm,
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Fig. 6. Relationship between fracture toughness
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Fig. 10. Relationship between fracture toughness

and paritcle size at crack length of 0.7cm.
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Fig. 13. Relationship between fracture toughness

and specific gravity at three partcle levels.
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Fig. 15. Relationship between fracture toughness

and particle size at three sp.gr. levels.
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Fig. 16. Relationship between maximum tensile st-
rength and particle size at three sp.gr. le-
vels.
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Table. 5 Average value of fracture toughness and maximum tensile strength

Fracture toughness Maximum tensile strength
P** | Type I Type I Type 1 Type 1 Type 1 Type 1I
0.6 3157 3748 42.97 29.15 34.71 38.00
0.7 5145 59.17 59.69 46.36 52.25 54.56
0.8 74.86 7943 84.63 69.47 70.51 78.26

S*!'. Specific gravity

P*?: Particle size
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