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Studies on Fracture Criterion in Yellow Lauan
(Shorea spp.) under Mode I, Mode @I and
Mixed Mode Loading. "

Kug-bo Shim - Jun-Jae Lee - Hee-Suk Jung*®

ABSTRACT

This study was carried out to investigate the fracture behavior and the fracture criterion of
yellow lauan(Shorea spp.), when has used for furniture and wood structures, and to offer a re-
liability for wood structure and basic data for wood fracture criterion in experiments which
are fracture tested under mode I, mode @I and mixed mode loading condition.

The results were summarized as follows ;

1. Fractures in specimens which have inclined grain in yellow lauan procedeed from crack
tip in the radial direction along the grain.

2. In yellow lauan, KicRL was 42.1kg /cm?/? and KucRL was 15.8kg /cm?/2

3. The fracture criteria of lauan were ; (Ki /Kic)-+{Ku /Kuc)=1 in RL system with inclined
grain at 45°, (K1 /Kic)+(Kn /Kuc)2=1 with inclined grain at 15° and (Ki/Kic)?+(Ku /Kne)
2=1 with inclined grain at 30°, 60°, 75° and 90°, respectively,

4. The fracture criterion of wood could vary with the species, and the load applying con-
dition, In order to measure the fracture criterion strictly, along with standardization of speci-
men geometry a large amount of experimental data is needed.

5. Kic{(critical stress intensity factor) can be predicted by grain angle, As the grain inclined
angle increased, Kic and Kiic are increased.

Keywords : fracture criterion, mode, loading condition, grain
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Table 1. Tensile strength perpendicular to the
grain and shear strength of vellow

lauan,
Dry  Tensile strength Shear
M.C. volume perpendicular to strength
(%) Sp.Gr, grain (Kg/cm?) (Kg /cm®)
12.8  0.49 24.4 94.2
(6.1) (12.2)

{ ) :Standard deviation
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Table 2. Load and grain direction of all

specimens,
- Loading angle(8)
0° 15° 30° 45° &0° 75° 90°
* 0-0 015 0-30 045 060 0-75 0-90
Grain 157 150 1515 15-30 15-45 15-60 15-75 15-90
angle  30° 30-0 30-15 30-30 30-45 30-60 30-75 30-90
(o) 45° 450 45-15 45-30 45-45 45-60 45-75 45-90
60° 60-0 60-15 60-30 60-45 60-60 60-75 60-90
75° 750 75-15 75-30 75-45 75-60 75-75 75-90
907 90-0 90-15 90-30 90-45 90-60 90-75 90-90
0°(RL)
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B:Ad#HY FA(cm)

a: 2o /«,‘iol(cm) Table 3. Stress intensity factors of mode I

Balabs stEe] 7hE () (K1) and mode I (Ki) in RL system.
RL system
3. R 3 EE Loading Ki Kn
31 BERCS B30 WE BIIS P (kg femin) (kg Jemi2)
e 0° 42.1 0.0
RL system#} =g} HAlzho] 157 30° 45° bO 75° (8.4) (0.0
2907l 7t Agdel Hrld P4 Figeel ’
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o] "grelznE AlgEE mge] o] A 30° 21.3 6.3
Hio] Al 7bR okt P S zbE wpAwbEks (3.0) (0.8)
we} Maelr) WEo s AztEch 45° 15.6 8.0
{2.9) (1.4)
60° 11.7 10.3
(2.6) (2.2)
75° 7.4 14.3
(1.9) (3.7
90° 0.0 15.8
(0.0 (2.2)

* () :Standard deviation
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(Ki /Kic) +

(Ku /Kne) =1

KI/KIC
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Fig. 7. K1 /Kuic versus Kiut /Kiic for RL sys-
tem under mixed mode loading.
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Table 4. Stress intensity factors of mode I
(K1) and mode [(Kn) in straight
edge grain specimens(15°, 30° and
45°%)

Grain angle
Loading 15° 30 45°
angle Ki Knu K Ku K: Kn
(kg/ (kg/ (kg/ (kg/ (kg/ (kg/
cmi2) cm3/2) cm3/2) cmd/z) cmd3/2) cImd/2)

0° 453 00 615 00 719 00
(5.6) (0.0) (4.2) (0.0) (8.5 (0.0)
15° 418 40 583 80 5.2 69
(4.9) (0.5) (3.6) (0.5 (7.1) (0.9
30° 366 7.4 568 168 504 147
4.6) (0.9 (6.9 (2.2) (58 1.7
45° 237 83 434 221 341 172
(3.1 (Lo (34) (1.7) (5.8) (3.1)
60° 224 135 234 204 305 269
(2.3) (1.4) (400 (3.6) (4.8) (4.2)
75° 134 161 150 286 146 279
(1.9) (2.0) (2.6) (4.9) (2.8) (5.3)
90° 0.0 188 0.0 349 00 325
(0.0) (21 (0.0) (4.9) (0.0) (7.0)

{ ) :Standard deviation

1.2

(K1 /Kic) + (K /Kic)?2 = 1

KI/KIC

0 T T T T
0 0.2 0.4 0.6 0.8 1 1.2

KIl / KIIC

Fig. 8. K1 /Kic versus Ku /Kic for grain an-
gle 15° under mixed mode loading.
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Fig. 9. Ki /Kic versus Ku /Kic for grain
angle 30° under mixed mode loading.
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Fig. 10. Ki /Kic versus Ku /Kuc for grain
angle 45° under mixed mode loading.
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Table 5. Stress intensity factors of mode 1
(Ki) and mode II(Kn) in straight
edge grain specimens(60°m 70° and
90

Grain angle
Loading 60° 75° 90°
angle K Ku Ki K Ki Ku
(kg / (kg/ (kg/ (kg/ (kg/ (kg/
cm??) cmdi?) cm3’2) cm3/2) cmi’2) cmd/?)
0" 1258 0.0 1643 0.0 1414 0.0
(12.2) (0.0) (17.1) (0.0 (17.7) (0.O)*
15 1251 166 1619 21.8 1229 165
(9.6) (1.2) (22.4) (3.0) (4.4) (0.5)
30° 1222 344 1200 346 8.1 258
(9.4) (2.4) (7.7) (2.3} (5.9} (1.8
45° 1220 60.2 110.3 556 605 30.6
(6.9 3.6 (13.1) (7.1) (6.7} (3.1}
60° 726 617 80.0 694 355 3L0
(7.1} (5.8) (88) (7.4) (2.6} (2.1)
75° 466 838 399 748 150 284
(5.9 (10.2)  (4.5) (7.9) (L0) (L8]
90° 0.0 8.2 0.0 74.9 0.0 315
(0.0) (9.9) (0.0) 1L.7) {0.0) (2.8)

*{ ) :Standard deviation
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Fig. 11. Ki /KIC versus Ku /K¢ for grain
angle 60° under mixed mode loading.

(K1 /K1c)? + (Ku /Kuc)? = 1
[

0 T T T T
0 02 04 06 08 1 12
KII/ KIIC

Fig. 12. Ki/KIC versus Ku /Kuc for grain
angle 75° under mixed mode loading.

EE BEel AAE 907 4 Zde Fg

13 =Aletg e, #i71E&(Ki/Kic)® +
(Kit /Kie)? = 12 vehstl,

(K1 /K10)® + (Ku/Knc)? = 1

0 T T T
0 0.2 04 0.6 0.8 1 1.2

KI1 / KIIC

Fig. 13. Ki /KIC versus Ku /Kiuc for grain
angle 90° under mixed mode loading.
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