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Studies on Criterion for Mixed Mode
Fracture in Glulam. *!

Jee-Yong Lee - Jun-Jae Lee*?

ABSTRACT

This study was carried out to investigate the fracture criterion of glulam. The mixed mode frac-
ture of glulam was investigated by means of single edge notched specimens with various crack in-
clination in the longitudinal-radial plane.

While fracture of wood is not completely understood, the study on linear-elastic fracture mech-
anics is a rational and valuable tool for studying the strength behavior of glulam,

The results are summarized as follows :

1. Glue line has no effect on fracture strength.
2. There is a definite interaction between fracture toughness K1 and Kir during the mixed mode
fracture of glulam. Several criterions for mixed mode failure were compared.

The criterion was expressed in the following form:

(=) + (R )=t

3. As crack inclination increases, Kic value and Kiic value decreases. The equations relating crack
angle to Kic and Kuc, respectively, were obtained as follows :
Kic = —77.427+153.72 (RZ = (,78)
Kic == —9.17Y +34.90 (R* = (.48)

Kevywords : Fracture criterion, mixed mode, fracture toughness, crack angle
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Table 1. Relations between crack and load
angle, and loading direction for all
specimens

Loading Direction (8)

0 157 300 45" 60° 5° 90°

00 015 030 045 060 075 090

P 15-15 15-30 15-45 1560 15-75 15-90 15-105
30-30 30-45 30-60 30-75 30-90 30-105 30-120

45-45 45-60 45-75 45-90 45-105 45-120 45-135

* 9 and a indicate crack angle and load angle as
shown in Fig. 3. respectively.
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Table 2. Stress intensity factor of mode I (Ki) and mode I (Kn) for crack angles and loading di-

rection
Loading 7 Crack angle{t”)
direction 0° 15° 30° 45
(8% K1 K1 Ki Kn Ki Ku Ki K
0° 149.78 0.00 139.32 0.00 113.29 0.00 90.89 0.00
(12.82) (0.00) (11.36) (0.00) (11.36) (0.00) (12.64) (0.00)
15 126.07 17.16 116.34 15.25 1600.50 13.78 78.15 10.58
(13.70) (2.68) (10.54) (2.64) (9.42) (4.29} (9.85) (1.33)
30° 91.66 27.40 92.05 25.71 $1.93 22.28 64.41 18.91
(14.20) (4.20) (13.05) (2.99) (10.66) (3.84) (9.56) (2.59)
45° 65.95 30.13 61,82 30.50 51.82 25.72 43.21 22.13
{10.32) (5.36) (7.79) (3.84) (9.93) (4.8 (8.41) (4.01)
60° 37.21 33.57 37.32 31.19 35.95 30.42 31.68 27.53
(8.21) (7.36) (7.22) (5.87) (7.41) (6.15) (6.30) (5,17}
75 18.15 34.33 18.34 32.93 17.44 31.77 16.12 29.66
(3.10) (5.89) (3.40) (5.97) (4.17) (7.23) (3.81) (6.71)
90° 0.00 36.27 0.00 34.35 0.00 33.63 (.00 31.63
(0.00) (4.29) (0.00) (5.11) (0.00) (4.16) (0.00) (5.61)

* () : Standard Deviation
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Table 3. Lack of fit values for 4 supposed failure criteria at each crack angle(g)

Failure Pr)F value
criterion 0=0° 0=15° 0==30° 0==45° All specimens
K: /Kic+Ki /Kuc=1 0.0001 0.0001 0.0012 0.0078 0.0001
Ki /Kic+ (K1 /Kic) == 0.0680 “0.2198 **0.8988 **0.8883 0.0476
(K1 /Kic)>+Ki /Kiic== *0.1199 *0.1013 *0.1683 *0.6970 0.0006
(K1 /Kic)2+(Kit /Kiic)?= **0.7641 **0.9098 *0.8184 *0.4020 **0.5272
*: Pr ) F value is higher than 0.05
**: The most suitable failure criterion
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Fig. 7. Relationship between crack angle, Kic
and Kic.
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