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Fatigue Crack Monitoring of the High-Strength Aluminum Alloy Lap Joint
and its Fatigue Fracture Properties

by Tetsuya SASAKI*, Takashi HONDA*

Abstract; To prevent fatigue fracture of machines, equipments or structures is essentially important to assure
safety of workers at industrial sites because most fracture accidents are attributed to fatigue. Basically,
prevention of fatigue fracture used to be attained by employing safe life design or damage tolerance design.
However, these conventional anti-fatigue design concepts are not perfect because predicted fatigue life is
inaccurate and all cracks are not always detected by non-destructive inspection. These fundamental problems of
the safe life design and the damage tolerance design can be eliminated if fatigue damage which may result in a
fatal accident can be monitored at any time using some kind of damage sensor. Since fatigue fracture generally
occurs in the stress concentration area, developing fatigue damage monitoring technique in joints is important for
this approach. In this point of view, the authors proposed new fatigue damage monitoring technique for bolted
joints which uses strain gauges embedded in bolts as damage sensors. The previous study revealed that this
method is applicable to both shear type bolted joints and flange type bolted joints. However, in shear type
specimens, the monitored fatigue damage was limited to visible cracks initiating in outer plates and the change
of strain gauge signal due to fatigue crack propagation was relatively small.

In this study, the proposed fatigue damage monitoring method is applied to the high-strength aluminum
alloy lap joint specimens in order to confirm the monitoring ability for fatigue damage at any locations, and the
more sensitive monitoring method is also examined. Two types of specimens, notched and unnotched, are used
to investigate the effect of initial notches at outer plate bolt holes, and fatigue fracture properties of the lap joint
are investigated. Following conclusions are obtained from this study:

(1) There are three different fatigue fracture locations in the high-strength aluminum alloy lap joint specimens
that have no initial notches at bolt holes. However, fatigue lives of these specimens are not seriously effected by
the fracture location.

(2) With propagating of a fatigue crack, the fluctuating range of strain gauge signal changes further than the
mean value of gauge signal does.

(3) Using the range of strain gauge signal, fatigue cracks can be detected before final fracture of lap joint
specimens regardless of fatigue fracture locations.
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Fig.1

Table 1 Mechanical properties of 2024-T3.
2024-T30 00000

Tensile strength Yield strength Elongation
MPa MPa %
446 307 17.2
Table 2 Chemical composition of 2024-T3 (wt. %).

2024-T30 0000 (OO0 %)

Cu Mg Mn Cr Si Fe Ti Zn  Tit+Zr

43 15 059 0.004 0.057 0.13 0.029 0.038 0.031
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Photo 1 Lap joint specimen in fatigue testing.
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Fig. 2

Location of fatigue failure for lap joint
specimens.
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Fig. 3 Sample fatigue damage monitoring result for failure from the center plate bolt hole.
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Fig. 4 Sample fatigue damage monitoring result for failure from the outer plate bolt hole.
Oo00d0000d00o0o0ooooooooooooobooooooao
3 3 .
—=—Bolt 1 @) —=—Bolt 1 (b)
25 weeimi--- Bolt 2 | 25 ¢ -=-i=i--- Bolt 2
S
3 2 L 4 w 2 L 4
£ 5
3 g
M 15 = 15|
= [1v]
©
: 3 :
5 16—e 8 8 8 eaEs > 1e—= =
=
05 - 1 05 - 1
0 210°  440°  640°  8d40°  1x10° 1.240° 0 2410°  4x10°  640° 8d0°  1x10° 1.240°
Number of load cycles Number of load cycles

Fig. 5 Sample fatigue damage monitoring result for failure from the remote place of the outer plate bolt hole.
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Fig. 6 Effect of the failure location on fatigue life.
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