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Fracture of Bolted Timber Joints

with Cracks at Bolt Hole Edges
Tensile tests when a crack propagates in the grain direction
under loading perpendicular to the grain*!

Maki OGAWA*? and Nobuo SOBUE*?

Fractures of bolted timber joints subjected to tensile loads perpendicular to the grain direction
were studied. The fracture process was brittle. Strength of a bolted joint was predicted by using
linear fracture mechanics. When artificial cracks were introduced on both sides of a bolt hole, the
prediction was good enough in cases of relatively short cracks. Therefore the linear fracture
mechanics concept was considered to be effective for estimating the performance of the bolted
timber joint where cracks occur during service.

To apply linear fracture mechanics for bolted timber joints without cracks near a bolt hole,
equivalent cracks which emanated from a bolt hole were assumed. Comparisons between predicted
and experimental values showed good coincidence. A linear fracture mechanics comcept also was
effective for the evaluation of the initial performance of bolted timber joints.

Keywords :  bolted timber joint, fracture mechanics, stress intencity factor, equivalent crack
length.
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Table 1. Basic physical constants of specimens.

Constants Specimens
Lumber 1|Lumber 2
Densities (g/cm?®) 0.41 0.44
Moisture contents (%) 12 10
Average annual ring widths (mm) 2.40 2.27
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Fig.1. Specimens for fracture toughness tests (TL

system).

Legend: a@: Initial crack length.

Notes: (a): SENT (Side edge notch tension), (b):
Specimen without initial crack, COD: Crack
opening displacement, AE: Acoustic emis-
sion, T : Tangential direction, L : Longitudi-
nal direction, P: Load.
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Fig.2. Determination of an equivalent crack length
from fracture toughness tests.

Note: ao/ W is a non-dimensional equivalent crack
length.
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Fig.3.  Specimens for bolted joint tests.

Legend: 2a: Apparent crack length, & : Diameter of
a bolt.
(Type A: d=16 or 12mm, Type B: d=2.7
mm.)
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Table 2. Results of the fracture toughness tests.

Kic (kgf/cm”) o (mm)
Pu method| Py method | Py method | £ method
Lumber 1| 22.58 22.38 20.27 1.51

Lumber 2| 32.34 29.96 23.07 1.45

Notes: Kic: Critical stress intensity factor, ao:
Equivalent crack length based on Py
method.
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Fig.4. AE count or load vs. crack opening displace-

ment curves of a fracture toughness test
(SENT).

Notes: X-Y graph: Load ws. COD curve, bar
graph: AE count vs. COD curve.
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Legend: @: Type A test (Diameter of bolt is 16
mm), A : Type B test (Diameter of bolt is
2.7 mm).

An apparent crack length is shown in Fig. 3.

Fig. 6.
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Fig.7.  Schematic stress distribution near a bolt

hole.

Legend : o0a: Stress distribution around a bolt hole,
os: Stress distribution due to concentrated
load.
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Fig. 8. Modelization of a bolted joint by an appar-

ent single crack.

Notes: 1) : Concentrated load at center of a crack,
2) : Uniform load through the diameter of a
loading bolt of 2.7 mm,
3) : Uniform load through the diameter of a
loading bolt of 16.5 mm,

4) : Uniform load through a whole crack

length.
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Fig.9. Prediction of maximum load by using

apparent single crack models.
Legend : @ : Experimental value of bolted joint spec-
imen, O: Experimental value of single

crack specimen, ---:1), ----- 1 2), - :
3), = 1 4).

Notes: Line numbers refer to the number of models
in Fig. 8.
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Fig. 10. Schematic representation of a superposition
principle concerning fracture toughness of
bolted joint.

Notes: Ki: Stress intensity. factor for loading on a
bolt hole,

K1 : Stress intensity factor for loading on
both ends of specimen,

Ki2: Stress intensity factor for loading on
the contour of a bolt hole.
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Fig.11. Prediction of maximum loads of bolted

joints (d=16.5mm).

Legend: @ : Experimental value for Lumber 1, O:
Experimental value for Lumber 2, ----- :
Predicted value for Lumber 1, - - -: Predict-
ed value for Lumber 2.
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